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I 
This S-t wasina motorhome that was totally destroyed by fire. When 
the owner probed around in  the ashes he found hls S-1. burned 
almost beyond recognition. BUT STILL OPERATING. Since then we 
cleaned it up, replaced the case and controls, tuned it, and now it's 
back on the air . .as good as new. 

The Tempo line also features a fine line of extremely compact UHF 
and VHF pocket receivers. They're low priced, dependable, and 
available with CTCSS and 2-tone decoders. The Tempo FMT-2 B 
FMT42 (UHF) provide excellent mobile communication and 
features a remote control head for hide-away mounting. 
The Tempo FMH-42 (UHF) and the NEWFMH-12 and FMH-15 (VHF) 
micro hand held transceivers provide6channel capability,dependa- 
bility plus many worthwhile features at a low price. FCC type 
accepted models also available. 
Please call or write for complete information. Also available from 
Tempo dealers throughout the U.S. and abroad. 

'96 y now most of you have heard the same 
words of praise on the air that we 

(gratefully) receive over and over. The quality 
that is built into the S-1 has been attested to 
bv the outstandinq performance and 
dipendability of the thousands of units in daily 
use. The high level of innovative engineering 
that brought forth the Amateur world's first 
hand held synthesized radio also designed into 
this compact beauty exciting performance and 
features at a very affordable price. A price 
that also includes a ni-cad battery pack, 
charger, and a telescoping whip antenna. The 
optional touchtone pad shown in the 
illustration adds greatly to  its convenience. In 
addition we offer superior quality 30 and 80 
watt solid state matching power amplifiers that 
give the S-1 the flexibility of operating a s  a 
portable, mobile, or  base station rig. 
Remember ... the Tempo S-1 is the original and 
proven 800 channel synthesized hand held 
transceiver. Don't be fooled by substitutes. 
SPECIFICATIONS SUPPLIED ACCESSORIES 
Fr~qt r~ncy CoveraqP 144 l o  148 MHz Trl~sco~,~nq whip anlrnn2 nl-cad 
Channel Spacing Recmve evwy 5 kHz hdllr~rv wick charqr r  

transmll Slmplex or 
?6OO kHz 

Power Requ~remenls 9 6 VDC 
Current Dra~rt 17 ma-slandby 

500 ma-lransm~l 
Ballerles R CPII nl-<.arl pack 

Included 
Antenna Impedance 50 ohms 
Drnenstons 40mmx62mm x 

165 mm 11 6 x 2 5'. 
x 65 I 

RF Oulpul Beller lhan 1 5 watts 
Senstt~!ty Betler than 5 

mtcrov01ls 
Prlce ... 5349 00 
Wtth louch tone pad $399 00 

OPTIONAL ACCESSORIES 
Touch lone pad (not tnstalled) $39 
Tone burst generator $29 95 

CTCSS subaudlble tone control 
$29 95 . Rubber flex antenna $8 
Leather holster $16 C~garette 
II hter plug moblle charglng unll. 8 Matchlng 30 watt output 13.8 
VDC power amplltler (S30) $89 
Match~ng 80 watl output power 

MEW TOLL FREE OROER WUMBER. laal al-mt 
For all s l a l a  cscept Calltornla 
Caltt rerldenls plcasc cal l  11240 W Olymp~c Blvd . Los Angeles. Cell1 90064 2131477-6701 
collect cn our r q u t a r  numbers 931 N Euclld. Anahelm. Caltl. 92801 7141772-9200 

Butler M~ssour~ 64730 8161679-3127 





This NEW MFJ Versa Tuner I1 . rn rn 

has SWR and dual range wattmeter, antenna switch, efficient airwound 
inductor, built in balun. Up to 300 watts RF output. Matches everything 
from 1.8 thru 3 0  MHz: dipoles, inverted vees, random wires, verticals, 
mobile whim. beams. balanced lines. coax lines. 

I MFJ 'LOWER PRICES! NEW, Mwe IMPROVED inductance MFJ-941B for wider HAS matching . . . range 

'INDUCTANCE 

capacitor. 208 pf. 300 and 30 watts. and RF watts in tor gives more watts out capacitor. 208 pf. 

1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 volt spacing. 

0n)y MFJ gives you this MFJ-9410 Versa 1 I one existing antenna. No need to put up saw 
~uner.11 with all these features at this price: rate antennas for each band. 

A SWR and dual nnpc w m m k r  (300 and Increase tlm usable bandwidth of your mo- 
30 watts full scale) lets you measure RF bile whip by tuning out the SWR h m  lmldr 
power output for simplified tunlng. your car. Works great with all solid state rigs 

An mtcnna swltch lets vou select 2 coax (like the Atlas) and with all tube type rigs. - -  ~ ~- , ~ ~~ ~~ 

lines direct or thru tuner, random wirelbalanced ANTENNA S W ~ C H  lets you select 2 H travels &ll, too. its ultra compact size 
line, and tuner bypass for dummy load. coax lines dlnct or thru tuner. winlba- 8 ~ 2 x 6  inches fits easily in a small corner of 

A new clRcfcnt alrwound inductor (12 po- your suitcase. 
sitions) gives you less losses than a tapped This bcautltul Rtllc lunar is housed in a 
toroid for more watts out. transmitter to any feedline from 160 thm 10 deluxe eggshell white Ten.Tec enclosure with 

A 1:4 balun for balanced lines. 1000 volt Meters whether you have coax cable, balanced walnut gram sides. 
capacitor spacing. Mounting brackets for mo- line. or random wire. SO-239 coax conmclas are provided for 
bile installat~ons (not shown). Y w  can tuna out lhe SWll on y w r  dipd8. transmitter ~nput and coax fed antennas. 

WIM thc NEW MFJ Vena hmr I you can inverted vee. random wire, vertical, mobile Ouaiity flve way binding posts are used fw  
nm "run 11111 tr;lnsrnivnr nnwsr n~ltout - uo to whio. beam. auad. or whatever vou have. the balanced lhne in~uts (2), randm wire input , - . . , - - . . -. . . . - . . - - - . . -. F. ...r-. . . .  . 
Rnn watts RF nnwsr m~tout - and match vour i i u  can even O D C R ~  ad binds with iust (1 1, and qround (1 ). 

WAlTMETER. Y k:U 1.1 )WKf (  I.[( l(:K SWITCH ON FRONT PANEL. FROM 1.8 THRU 30 MHz. 
\ISW I.OWF,R P R I C E  

I Ah 

iS ANYTHING. 1 MFJ-BOO ECONO TUNER MATCHES COAX I MFJ-16010 RANDOM WIRE TUNER FOR LONG 
I 1.8 THRU 30 MHz. ZE.U I.0U k:lt I'I(1l.E: 1 LINESIRANDOM WIRES. \ K U  I.OU k.It lnlt1(:k.I WIRES. \l.U l.0U l,,l( lpl<ll I,,- 

Order a n y  product  f rom MFJ and  t ry  it. If no t  delighted, return w i th in  30 days  for a prompt refund (less shipping). 

Order today. Money back i f  not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
For technical I n f o r m a t i o n ,  orderlrepalr status. In Mlsslssippl. outside continental USA, call 601 -323-5869. 

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

M F J ENTERPRISES, I NC . MISSISS~PPI STATE, ~IssIssIPP139762 
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d look 
Fisk 

If you're active on the high-frequency amateur bands, you have probably formed your own idea of 
what it would be like to operate from a foreign country. You don't need many DX entries in your log- 
book before you begin to see some trends: power input, types of equipment that are preferred in 
various places, and the antennas that are the most popular. Have you ever wondered how those 
same DX operators visualize American radio amateurs? 

Writing in a recent issue of Break-In, the official journal of the New Zealand Association of Radio 
Transmitters, Harry Bourne, ZL101, provided some of the answers. While making contacts with 
more than 2500 amateurs in all callsign districts of the United States and Canada on 15 and 20 
meters, Harry collected a good deal of interesting data on transmitter input power and antennas. He 
found, for example, that 13 per cent of the stations used less than 100 watts, 59 per cent used be- 
tween 100 and 500 watts, and 28 per cent of the operators used more than 500 watts; he also found 
that the average power input on the 14-MHz band is higher than on 21 MHz. 

In the antenna department, ZLlOl's survey showed that 48 per cent of the American amateurs use 
Yagi beams at heights of 30 to 80 feet (10-25 meters), 21 per cent use verticals (either ground 
mounted or as elevated ground planes), 13 per cent run quads, often at rather low heights above 
ground, and 13 per cent depend on half-wave dipoles. The remaining 5 per cent use a variety of 
antenna types including Zepps, delta loops, vee beams, rhombics and indoor antennas. 

ZLlOl's logbook reveals further interesting results; signal reports, for example, confirm that anten- 
nas have a far greater effect on signal strength than transmitter input power - and it is much more 
effective to improve the antenna than it is to increase power. This will come as no surprise to serious 
DXers, but it's reassuring to have it confirmed by a DX station. And the excellent propagation condi- 
tions we've been experiencing for the past few months have made it possible for amateurs to achieve 
good DX results with low input powers, especially if they have a good antenna system. One after- 
noon not too long ago I hooked up with a G3 who was running 150 milliwatts input on CW; he re- 
duced power to 35 mW and we easily exchanged signal reports on ssb. That's roughly 100,000 miles 
per watt! And just recently I worked 7X2BK on 28 MHz using 200 mW and a 3-element beam. 

When propagation conditions are good and the high-frequency bands are as hot as they have been 
so far this year, directional antennas are not so important for increasing signal strength as they are 
for reducing interference from directions other than that of the desired station. With a power input of 
200 watts, excellent DX results can be obtained with simple vertical or dipole antennas, or single 
quad or delta loops. If you're unable or unwilling to install a larger or more sophisticated antenna 
system, you may not be able to crack that big DX pileup on your first call, but with good operating 
techniques and patience you'll be able to work any station in the world on CW. On phone it's more 
difficult, but only because the competition is tougher and the interference is horrendous! 

If you want to improve your station performance, the message is clear: spend your budget on your 
antenna system, not a linear amplifier, and remember that includes not only the antenna, but the 
ground system and the transmission line. If you're using inexpensive coaxial line, or cable that's 
several years old, you may be surprised to find that you can greatly increase your effective radiated 
power by simply installing RG-213lU or other high-quality coax. 

If your budget won't allow a new antenna, try to increase the height of the one you already have; 
you may be able to double your signal strength by raising your antenna above nearby objects. And if 
your antenna is ground mounted, increase the number of radials; aluminum electric-fence wire is 
ideal and costs about a penny a foot. Unless you're already using a Yagi on a 100-foot (30-meter) 
tower, dollars invested in your antenna system will give you more bang for the buck than dollars 
spent in any other part of your ham station. Keep that in mind as you get your station ready for the 
coming DX season. Nearly all the propagation forecasters agree that band conditions this fall and 
winter will be better than they have been in twenty years - and conditions may not be as good for 
another twenty! 

Jim Fisk, WIHR 
editor-in-chief 
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propagation predictions 
Dear HR: 

I have been advised that orders for 
the government publications on lono- 
spheric Predictions cited on page 30 
of my article in the April issue of ham 
radio are no longer available from the 
Superintendent of Documents. I 
scouted around and, courtesy 
WSOWZ, discovered that photo- 
copies can be obtained from National 
Technical Information Service, Post 
Office Box 1553, Springfield, Virginia 
22151. Here are ordering information 
and prices: 

Volume 1 COM-73-50654 
"General Instructions" $ 3.00 

Volume ll COM-73-50655 
"Sunspot Number = 12" $11.75 

Volume Ill COM-74-50041 
"Sunspot Number = 110" $11.75 

Volume IV COM-74-50042 
"Sunspot Number = 160" $11.75 

Henry G. Elwell, Jr., N4UH 
Cleveland, Nor th  Carolina 

voltage-regulator noise 
Dear HR: 

I very much enjoyed W1HR's arti- 
cle on Gunnplexers in the January 
issue. 

However, I would like to  bring 
something to your readers' attention 
in reference to the suggested 723 
voltage regulator. This regulator 
employs internal zener regulation, 
and zeners being inherently noisy, 
can contribute to system signal-to- 
noise ratio (SNR) degradation. I have 

been able to increase the signal-to- 
noise of a studio-transmitter link 
(STL) receiver by just short of 3 dB 
and unmask a VCXO's actual distor- 
tion of less than 0.2 per cent by simply 
by-passing pin 5 of the 723 with a 10 
pF capacitor and placing a 47-kilohm 
resistor between pins 5 and 6. Motor- 
ola indicates this addition in one of 
their application notes; however, its 
importance is not stressed, nor fol- 
lowed on in other application notes. 

I have experienced no such prob- 
lems with WIHRfs suggested Fair- 
child device, the 78MG. I understand 
the 78MG regulators are not internally 
zener regulated. This should be con- 
sidered by those who are looking 
toward the ultimate in noise figures, 
distortion, and SNR. 

Dave Clingerman, W6OAL 
RF Project Engineer 

Moseley Associates, Inc. 

Dear HR: 
Over the past few years, I have 

monitored the 160-190 kHz band lis- 
tening for the large number of sta- 
tions that are supposed to be running 
beacons and scheduled transmis- 
sions. Since I have never positively 
identified any of these signals, i t  
appears that either the wrong fre- 
quency was being monitored or the 
signal was too far down into the 
noise. 

A discussion with N6GN concern- 
ing this problem resulted in the idea 
of using the sixth subharmonic of a 
one megahertz crystal as a standard 
operating frequency. The resulting 
166.666.. .kHz signal would be very 
exact since the 5th, loth, or 15th har- 
monic of the 1 MHz crystal could be 
set to be "zero beat" with one of the 
WWV signals. 

I would be very happy to schedule 
anyone in the San Francisco area on 
166.666 kHz. 

Dick Bingham, NGHZ 
4880 Burnside Rd. 

Sebastopol, California 95472 

anodize dyes 
Dear HR: 

The article on anodizing in the Jan- 
uary, 1979, issue of ham radio men- 
tions several sources of dyes which 
can be used, including "drugstore" 
fabric dyes. The trade name dyes, 
RIT are typical of this group, are low 
cost, and have the reputation of 
being repeatable. These dyes are 
used warm, 50-60°C; the dyed sur- 
face is then sealed by boiling. 

Bob Haviland, W4MB 
Daytona Beach, Florida 

note of 
acknowledgment 

The April, 1979, issue contained an 
article entitled "The Jammer Prob- 
lem: Some Interesting Solutions," 
page 56. This article was adapted 
from "A Contribution to the Mathe- 
matical Theory of Big Game Hunt- 
ing," by H. Petard, Princeton, New 
Jersey, which originally appeared in 
American M a  thema tical Monthly 
(1938). The article has since been re- 
printed in A Random Walk in Science 
(1973), compiled by R. L. Weber and 
edited by E. Mendoza. 

We thought that Petard's article on 
big game hunting would make an in- 
teresting basis for an adaptation 
geared to the very real problem of in- 
tentional interference in the Amateur 
bands. Thanks to J im Kirkpatrick, 
WB7BUP, for the background infor- 
mation on the original piece. Editor 
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and AT-180 
Antenna Tuners recommended 

for TS-120s and TS-180s 
All Solid-State HF Transceivers. 

Why is the use of an antenna luner so much more important with the 
TS-IZOS and TS-lIOS all solid-state HF rigs than with transceivers 
having tube-type flnal amplifiers? 

Tube-typef~nal amplifiers generally handle a broaderrange of load 
impedance than a transistor final. However. RF power Into the antenna 
system will decrease w ~ t h  an Increasing impedance mlsmatch, and 
tube Ille may even be shortened 11 the mlsmatch is extreme. Transistor 
final amplil~ers, on the other hand, requlre a 50-ohm nonreacttve load 
for efllclent power transfer and are not very tolerant of h~gh SWR. 
Therefore, protection clrcuits are used In the TS-120s and IS-180s to 
reduce RFpoweroutputs~gnificantly under high-SWR condittons. thus 
preventing damage to the solid-state devlces. 

In the TS-12OS, an SWR detectton clrcutt detects reflected-wave 
voltage, whlch IS then amplitled and applied to the ALC c~rcuit as a 
protective voltage to control power output. Thus, as SWR increases. 
RF power output decreases cont~nuously. 

In the TS-IBOS, the final amplifier functions normally up to an SWR 
of 3:1, at whlch polnt the protect~on circuit drops RF power output 
s~gnificantly. 

Using an antenna tuner such as the AT-120 to match the TS-120s 
or the AT-180 to match the TS-180s will lower the reflected power at 
the transceiver to avoid detection by the protection clrcuit, thus en- 
abling the transceivers to produce full RF power output and even with 
rigs whlch have tube final ampllf~ers, we recommend an antenna tuner 
(such as the AT-200 to match the TS-520 or TS-820 Ser~es) lor optl- 
mum coupllng to antennas w ~ t h  h ~ g h  SWRs. 

A major advantage of using an all solid-state rig such as the TS-120s 
or TS-180s is the elimination of final-amplifier tuninq and toadil~g. It 's 
great to be able to switch bands. dial up any Irequetlcy, and lransmil 
immed~ately, especially when operatlrig mobile or in a contest or 
chasing OX. Isn't this advantage lost it an antenna tuner has to Ite used? 

We recommend using an antenna that has a low SWR (below l.5:l) 
and that presents a proper impedance match (50-ohms) to the trans- 
ceiver. Then the full advantages of using an all solid-state r ~ g  can be 
reallzerl. Furthermore. the antenna w ~ l l  be more efftcient, and power 
will not be retlected back to an antenna tuner. 

However. many antennas are not broad enough to cover an entire 
band, and may have an SWR below 1 5 1  In just a portion of the band. 
Theantenna may be cut for resonanceInthemtddleoftheportionol the 
band that is mostly used. When operating outs~de this portlon. where 
SWR exceeds 1 5:l. the antenna tuner should be sw~tched In 

Therefore, wtth a well-destgned antenna, the antenna tuner may be 
swttched out for most operatlng, and the full advantage of uslng a no- 
lune all sol~d-state rlg may be reallzed But for those occasions when 
operatlng In the band portlons where the antenna IS not resonant and 
reactance Increases or when, lor some reason. the antenna develops 
a h ~ g h  SWR or a poorly matched antenna IS used. the antenna tuner 
should be sw~tched In to obtaln full RF power output 

During those occasions when the antenna tuner IS needed with an 
all solid-state rig, i t  would probably be advantageous with atube-type 
rioalsofor ootimum oowertransfertotheantennasystem. Withatube- 
l$e final, piate tuning and loading adjustments would be required in 
add~tion to adluslinq the antenna tuner With an all solid-state trans- 
celver, only the antenna tuner would need adlustlng durlng those oc- 
caslons when 11 IS requlred 

What are lhe primary features of the 117-120 and AT-180 antenna tuners? 

The AT-120 antenna tuner is very compact (only 6 inthes wide. 
2-318inches highand6-114 tnchesdeep) - perfectfor mohilemountlng 
with the mounttng bracket provided-and operates on 80 through 10 
meters. It consists of an antenna coupler and an SWR meter (which 
can be illuminated). Although much smaller, il complements the ap- 
pearance of the IS-120s. 

The bandswitch has a ''THROUGH'' positlon for switching the AT-120 
out of the circu~t, Input impedance (tothe transceiver) is 50-ohms and 
output impedance (to the antenna system) covers 20 to 300 ohms. 
unbalanced. It handles 150 watts (120 watts on 80 meters) The SWR 
meter measures from 1.0 1 to 10 0.1. 

The AT-180 antenna tuner matches the TS-180s (same height) and 
consists of a through-l~ne watt and SWR meter. antenna selector 
switch. and, of course. an antenna coupler 

It operates on 160 through 10 meters, with a 50-ohm input imped- 
ance and an output lmpetlance of 10 to 500 ohms (10 lo 4OOohms on 
160 meters), unbalanced Switches allow up to 20 or 200 watts of for- 
ward or reflected power to be measured. (It is not intended lor use at 
the output of a llnear amplifier.) UHF-type connectors are provided for 
the Input, two antenna outputs. and a dummy load, and a standoff 
connector is provlded lor a wire leedline 

Wtth both tuners, the "R TUNE (lor reststance component) and 
' X  TUNE (lor reactance component) controls are adjusted alternately 

w ~ t h  a CW carrter appl~ed un t~ l  mlnlmunl SWR or reflected power IS 

obtalned 



UNUSUAL PROPAGATION EFFECTS should result in September when an Atlas-Centaur rocket 
is launched from the Kennedy Space Flight Center in Florida. The exhaust gases from the 
giant rocket are expected to burn a large hole in the ionosphere's F region. and a group 
of Amateur Radio experimenters are planning to observe the effects on propagation dur- 
ing, and for several hours following, the launch some time in September. 

The Resulting Hole in the ionosphere could be as large as 500 km across, starting 
from the north Florida coast and extending eastward along the launch trajectory. The 
paths from Puerto Rico, the Virgin Islands and the rest of the northern West Indies to 
the U.S. East Coast and Bermuda offer the best chances for HF observations. 

For Specific Details concerning participation in the experiments, which are attract- 
ing much scientific interest, contact WlJR or WlBZT. A special certificate will be is- 
sued to all contributing participants. 

FIRST 432-MHz HAWAII to mainland U.S. contact was made in July when KH6HME worked 
WB6RMT on ssb. Three more stations, W6YDF. WB6ESQ. and WB6WLR, also made the grade. 
with signals generally above the noise level. 

FIRST WAS ON 432 MHz has just been achieved by WBYZS, with a Wyoming contact with 
WA76KZ. Mike, who's been working toward this moment for 10 years, caught most of his 
recent states via moonbounce. Congratulations on an outstanding achievement1 

A 6-METER HAWAII TO EAST COAST opening in late June provided many 50-MHz enthusiasts, 
~articularly those in New England, with their first KH6 contacts; during the opening 
KH~IAA worked a large number-of Is. 2s. 3s. and 4s. Openings in July put KC4HC. KVOFZ, 
and KP40 into a number of U.S. loabooks. and in early July JEZNQC worked VE7XF and heard 
several ' ~ 6  and W7 calls. 

- 
A British Isles 6-Meter Beacon has been proposed by the Radio Society of Great Britain. 

It's to be located on the island of Angesea. off the northwest coast of Wales, and there's 
hope to have it operational by year's end. 

A CALIFORNIA COURT DECISION against a CB operator has established a precedent that 
could work against Amateurs as well, and serves as a warning to carefully examine all re- 
strictions before renting or buying a new home if you plan antennas. San Diego CB oper- 
ator Jerry Lee Dunn was sued by a neighbor for violating the convenants, conditions, and 
restrictions (CCRs) of their subdivision. which absolutely prohibited outside antennas 
for any purpose. Dunn fought the suit on the grounds that the CCRs violated his First 
Amendment rights to free speech and was thus unenforceable. 

In Its Decision Upholdin the antenna prohibition. the Court of Appeals, Fourth Dis- 
trict of California, found $hat Dunn's right to speak on the air was not itself restrict- 
ed, and also required that he pay the other side's legal fees. 

AMSAT HAS RECEIVED APPROVAL of the donation of the rocket motor that will boost the 
first Phase I11 spacecraft into a higher eliptical orbit. The launch date for Phase 
111-A still stands at March 5, 1980, with spacecraft delivery required by December 3rd 
in France for tests at the European Space Agency facilities. The general beacon will be 
on 145.810 MHz. plus or minus 2 kHz; the engineering beacon will be on 145.990 MHz. plus . . 
or minus 2 kHz. 

AMSAT Reports That OSCAR 7 is available for use regardless of mode. It's been hard 
to keep it in scheduled modes, so which one you use it in. A or B, will depend on which 
mode it's jumped to when you find it. Wednesdays, of course, are still reserved for 
experiment days. 

HIGH LEVELS OF RF RADIATION have been detected by the FCC in its test of some popu- 
lar personal computers. Tests of computers manufactured by Atari. Apple, Commodore, 
Heath, Southwest Technical, and Radio Shack have reportedly shown that, in most cases, 
rf radiation levels far exceed allowable Class 1 TV limits. 

With The Po ularit of home computers sharply on the rise, the FCC plans to use the 
d a t i 7 . d  set up new rules governing all computers that could be used in the 
home. It will probably be several months before the FCC decides what action to take and 
files a notice of proposed rule-making. 

EXPERTISE ON BIOLOGICAL EFFECTS OF RF is being sought by ARRL for a new ad hoc com- 
mittee which will help prepare League comments on the FCC Notice of Inquiry (Docket 
79-144, August Pressto ) ,  and later provide on-going advice in this increasingly sensi- 
tive area. Q u a d a m a t e u r s  interested in serving on this important committee should 
contact ARRL president Harry Dannals. W2HD. 

W2PV's YAGI ANTENNA SERIES, originally slated to begin in this issue of ham radio. 
has been slightly delayed. Look for the first section in the December issue; i m  
well worth waiting for: 

8 september 1919 



New OMNI/SERIES B 
Filters The Crowd 

The new OMNIISERIES B makes today's bands 
seem less crowded. By offering a new i-f selection 
that provides up to 16 poles of filtering for superior 
selectivity. And a new Notch Filter to  remove 
QRM. No other amateur transceiver we know of 
out-performs it. 

NEW I-F RESPONSE SELECTION. OMNl comes 
equ~pped.wth an excellent 8-pole 2.4 kHz crystal 
ladder i-f filter which is highly satisfactory in normal 
conditions. But when the going gets rough, the new 
OMNI/SERIES B, with optional filters installed, pro- 
vides two additional special purpose i - f  responses. 

The 1.8 kHz crystal ladder filter hansforms an 
unreadable SSB signal in heavy QRM into one that 
gets the message through. The 0.5 kHz 8-pole filter 
provides extremely sleep and deep skirts to the CW 
passband window which effectively blocks out even 
the very strong adjacent signals. 

Both of these fi l t~rs can be front-panel switched in 
series with the standard filter to provide up to 16 poles 
of filtering for near-ultimate selectivity. In addition. the 
standard CW active audio filters have three 
bandwidths (450. 3013. and 150 Hz) lo give even 
further attenuation to adjacent signals. In effect. 
OMNI/SERIES B has six selectivity curves-three for 
SSR and three for CW That's true state-of-the-art 

dn Choice of readouts -0MNI-A for analog dial or 
OMNI-D for d~gital dial; Built-In VOX and PTT 
facilities: Selectable Break-in, instant or delayed 

, . receiver mutiny. Dual-Range Receiver Offset Tun- 

3 0 . .  . ing. 25  kHz or - tO  5 kHz; Wide Overload 
Capabilities. dynamic range lypically exceeds 90 dB 
and a PIN diode switched 18 dB attenuator is also 
included. Phone Patch Interface Jacks: Adjustable 

SO . . ALC: Adjustable Sidetone: Exceptional Sensitivity; 
200 Watts input to final with full warranty on final 

. . transistors for first ear, pro-rata for 5 years; 100% 
Duty Cycle for R&$ SSTV or sustained hard uwye. 
12 VDC Circuitry for mobile use. external supplies 
for 117/220 VAC operation; Front Panel Micro- 
phone and Key Jacks; Built-in 25 kHz Calibrator In 

-. , 
analog d~al  model; Zero-Beat Switch: "S"ISWR 
Meter; Dual Speakers: Plug-In Circuit Boards: ' ' ' ' Functional Styling, black textured vinyl over 

' I  ! I 1 - 1  I f  I aluminum "clamshell" case, complementary nonre- 
3 L t ~ : ~ ?  ~ . : % , \ ! ) * , l ; l ~  .\,\I> flschve warm dark metal front panel: Complete 
o ! ' l l e  I \  \I I 1 1  1 1  I%\ Shieldina: Easier-to-use size: 5 c"h x 141i"w x 

dB 
14"d; ~ $ 1  Options: Model 645 Keyer $85; Model 
243 Remote VFO $139. Model 252MO matching AC 

ower suppl $139; Model 248 Noise Blanker $4'); 

10  
Lode1 217 {I) Hz 8-pole Crystal Ladder CW Filter 
$55; Model 218 1.8 kHz 8-pole Crystal Ladder SSB 
Filter $55; 

selc.ctivlty , o .  . . . . , . . . . 1 O M N l  owners note: Your OMNl can be converted to 
NEW NOTCH FILTER. A variable frequency notch So , . . . .  . . . , .  a SERIES B model at the factoy for just $50 (plus $5 
filter in OMNI/SERIES B is placed inside the AGC 

8 0 & A & & & A x l l , ;  
for packing and shipping). The notch filter replaces 

loop to eliminate interfering camen and CW signals n z z p ~ p s % - - - - -  your present squelch conhol and provision is made 
without affecting received si nals Attenuation is more 
than 8 ..s.. (over 58 dbj for any frequency T1 '1,  I I I I I  [I i( 1': I ( !  r l[ih, \ \ C  f Ihe filten; a partial panel 

, , , , , , , ,, , with new nomenclature is provided. Contact us lor 
between 0.2 kHz and 3.5 kHz. r (~ t ; . i l~  ---..-. 
OMNllSERlES B RETAINS ALL THE Model 545 Series B OMNI-A $949 
FEATURES THAT MADE IT FAMOUS. Model 546 Series B OMNI-D $1119 
All solid-state: 160-10 meters plus convertible 10 TEN-TEC .WC. Experience the uncrowded world of OMNI/ 
MHz and AUX band positions; Broadband design for mar ~ r ~ c ~ * ~ , ~ ~ t .  ~ t ~ ~ r s s c r  1,067 SERIES B. See your TEN-TEC dealer or write for lull 
band changing wllhout luneup, without danger: Ex,.. 8,; ! ,  8 . .  OLN Avr .  CHICAGO. ILL. EUM~ details. 
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Variable Passband Tunlng with 16 
AGC Decay Pole Filters 
Continuously Two &pole crystal filters in 
variable cascade provides a 1.4:l 
to suit your shape factor at -100dB! 
preference. The ultimate in selectivity. 

Tunable Notch Fllter 
Provides the ability to 
"notch out" QRM. When 
used in conjunction with the 
passband tuning, prov~des 
the ultimate in removing 
interlerence. 

Dual PTO's 
Two independent high 
stability PTO's provide true 
split band operation. The 
digital counter reads the 
PTO selected, or in split 
band reads the PTO used 
for recelve, then switches 
to the transmit frequency 
selected when the rntc is 
keyed. 

All Band Coverage uslng 
PLL and Synthesizer tor 
Band Selection 
Full coverage of 160 meters 
through all of 10 meters In 9 
ranges . . . diode matrix 
programmed for now - or 
for the future! 

The ASTRO 102BX with i ts cornpanton 
PSU-6 Power Supply 15002 L~near Arnpl~fter 
and ST-2A Anfenna Tuner provides a 
matched and htghly effictent 1500 waft 
PEP or 1000 watt CW complete stallon lo 
be complemented by a great Swan 
antenna 
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spli t-band 
speech processor 

Design and construction 
details of a split-band 

audio speech processor 
that features up to 

15 dB of clipping 
and low distortion 

Speech processing, especially for SSB, can be a 
relatively inexpensive means of improving the effec- 
tive "talk power" of a voice modulated transmitter. 
Much has been written about various devices and 
methods that can be used to gain this increase in 
effective talk power. The devices used have ranged 
from simple audio compressors to rf envelope clip- 
per-filters. All of these devices attempt to reduce the 
peak-to-average ratio of the speech or rf waveforms, 
thereby overcoming the peak power limitations of 
the transmitter. Generally, the degree of improve- 
ment is proportional to the complexity of the proc- 
essing method; the simpler circuits offer minimal 
improvement while the more complex effect sub- 
stantial improvement. 

I This article will not attempt to present all the 
theory involved in speech processing; however, the 
interested reader is referred to excellent articles by 
Fisk.l.2 Kirkwood.3 Moxon,4 and Schreuers for more 
detailed overviews of the subject. 

Until recently, r f  envelope clipping has generally 
been accepted as the most effective SSB processing 
method. Distortion products are small, generally 
consisting only of intermodulation products. The pri- 
mary disadvantage of rf processing is the circuit 
complexity involved, and the necessity of modifying 
the associated transmitter. When modifying the 
transmitter is out of the question, a processor using 
the audio-SSB-audio (Comdel) approach can be 
used. In this method, an SSB signal is generated, 
peak limited (clipped), filtered, and then demodu- 
lated back to an audio signal which then modulates 
the transmitter. 

My initial efforts were directed toward designing 
and building a unit of this type. A breadboard model 
was constructed and evaluated under laboratory 
conditions. Performance was very good, and distor- 
tion was held to under 10 per cent at 20 dB of clip- 
ping. The circuit was, however, excessively com- 
plex. It required an audio preamplifier, two balanced 
modulators, an oscillator, a clipper, an rf amplifier, 
and an expensive mechanical or crystal filter. 

By Wes Stewart, NMIS, 1801 East Canada 
Street, Tucson, Arizona 85706 
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At this point, Jim Metzger, W7TKR, suggested 
that I try the split-band approach. He had done some 
work with the process with considerable success and 
Fisk2 had written in glowing terms about a similar 
unit available commercially from Maximilian Associ- 
ates. This was inducement enough to build a bread- 
board model for evaluation. 

basic circuit 
Fig. 1 is a simplified block diagram of the split 

band clipper. The input signal is applied to an agc- 
controlled preamplifier which then drives the first set 
of bandpass filters (BPFs). The filters split the audio 
spectrum into four narrow bands which are then 

.clipped and directed into the second set of BPFs, 
where the harmonics generated by the clipping proc- 
ess are filtered off. These filtered signals then go to 
the combiner stage where they are reassembled into 
the desired output. 

Input amplifier. The design of the input amplifier is 
not particularly critical. The gain required will depend 
on the output amplitude of the source, the gain (if 
any) of the BPFs, and the limiting threshold of the 
clipper stages. If a very low output microphone is 
used, low noise may be of some importance. If, as in 
my case, active band pass filters are used, the amplifi- 
er will also have to exhibit low output impedance. 
Automatic gain control is also desirable, as it helps 
maintain a high average clipping level, which in turn 
insures maximum talk power improvement. 

Bandpass filters. As pointed out by Fisk, the opti- 
mum design for BPFs is a compromise between sev- 
eral conflicting requirements. Overshoot or ringing 
due to the near squarewave input from the clipper 
must be minimized, skirt selectivity should be good, 
and phase shift through the passband must be 
smooth and predictable. The latter point becomes 
important when the design of the combiner is consid- 
ered, as will be seen later. Other very important fac- 
tors to be considered are circuit complexity and 
reproducibility. 

After pondering all of the above points, I decided 
on a two-pole Butterworth active filter. The Butter- 

BPF 

BPF LIMIT BPF 

fig. 1. Block diagram of a split-band audio speech processor. 
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fig. 2. Comparison of "hard" vs "soft" limiting. Soft limiting 
is undesirable because of the uncertainty of the threshold 
point, making it hard to maintain constant output from the 
processor. 

worth is not optimum when considering only impulse 
response and phase shift; however, when used in a 
low-Q configuration, it is a good compromise 
between filters with these attributes and those pos- 
sessing superior skirt selectivity. 

The final circuit is configured as a multiple-feed- 
back type.6 These filters are relatively insensitive to 
component variations, allowing the use of 5 per cent 
tolerance components and inexpensive operational 
amplifiers. Detailed design data for the selection of 
center frequency, gain, and Qwill be given later. 

Peak clipper. The clipper may seem to be one of 
the least critical parts of the circuit, but, in fact, its 
requirements are quite stringent. One of the most 
important factors in the performance of the clipper is 
that of clipping symmetry. Perfect symmetry insures 
that only odd harmonics are generated; second-order 
products would be too much for the'two-pole filters 
to handle. An important point is that the only place 
clipping should occur is ir, the clipper. Clipping or 
limiting elsewhere in the circuit cannot be easily con- 
trolled and must be avoided. This may seem easy to 
do, but if the clipping threshold is too high, limiting 
may occur in a preceding stage when large amounts 
of clipping are in use. For example, if a clipping 
threshold of one volt is used and 20 dB of peak clip- 
ping is desired, the preceding stage must be able to 
have an output voltage swing of 20 volts peak-to- 
peak. If this stage is running off a single 12-volt pow- 
er supply, this will of course be impossible. 

Another important aspect is that of how "hard" 
the limiting is. Many of the circuits initially examined, 
which included limiting differential amplifiers, shunt- 
diode clippers, and operational amplifiers with shunt 
diode feedback, had rather "soft" limiting character- 
istics. That is, the threshold was ill-defined and the 
slope of the transfer function continued to change 
over a wide range of input levels. Fig. 2 graphically 
shows the difference between hard and soft limiting. 
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fig, 3. Circuit diagram of the amplitude limiter (clipper) used 
in the final design. With the resistor values shown, the out- 
put will be limited to approximately 300 mV p-p. 

Soft limiting is undesirable because it makes it diffi- 
cult to maintain a constant peak output level. 

The circuit finally selected for this application, as 
best satisfying the above requirements as well as 
s i n g  a minimum of parts, is shown in fig. 3. This will 
be recognized as a variation of the old series auto- 
matic noise limiter used in receivers. By suitable 
selection of resistor values and bias voltage, the clip- 
ping threshold may be adjusted over a wide range. 

The performance of this circuit is demonstrated in 
fig. 4. This is a multiple-exposure oscilloscope pho- 
tograph taken of the output of the clipper. The inner, 
near sinusoidal, trace was obtained by increasing the 
input signal until a 3-dB increase caused only a 2-dB 
change in output. This point was defined as the clip- 
ping threshold. The middle trace represents a further 
input increase of 4 dB, and the outermost trace was 
obtained with a total input overdrive of 15 dB. The 
photograph shows the nearly flat peak output and 
the exceptional symmetry. A further test of sym- 
metry was made by examining the frequency spec- 
trum of the clipper output with a Hewlett-Packard 
302A wave analyzer. With 15 dB of clipping, the sec- 
ond harmonic remained more than 40 dB below the 
fundamental output. 

Combiner. The combiner has the job of taking the 
four BPF outputs and putting them back together 
again while maintaining their original phase relation- 
ships. Improper phasing will result in excessive pass- 
band ripple being generated. As described by Fisk, 
the Maximilian unit incorporates phase shift net- 
works before the combiner to compensate for the 
phase shifts through the BPFs. As will be shown 
later, these networks can be eliminated by the judi- 
cious selection of filter characteristics and the use of 
a simple summing and differencing amplifier. 

circuit description 
Fig. 5 is the complete schematic of the system. 

The input is applied to 01, an FET source follower, 
used to match high impedance microphones. The 
follower output drives U1, a Plessey SL1626 gain- 
controlled amplifier. This IC maintains a nearly con- 
stant output of slightly less than 100 mV RMS over an 
input range of 1 to 100 mV. 

The SL1626 is used as recommended by the data 
sheet, except for the addition of R6 and C10, which 
are necessary to suppress a high-frequency oscilla- 
tion. R4 lowers the sensitivity about 20 dB and may 
be unnecessary in some applications. Front panel 
adjustment of the clipping level is possible via R7. 

Amplifier U2A, one section of an LM324, develops 
a small amount of additional gain and serves as a 
low-impedance source to the following BPFs. The 
resistors used on the outputs of all the LM324s are 
necessary to eliminate cross-over distortion.' 

All of the bandpass filters are operated at the same 
gain and Q; only the center frequency (f,) differs 
from channel to channel. For simplicity, all capaci- 
tors are of the same value; the center frequency is 
adjusted by choice of resistor values. Using the given 
values, the overall frequency response will be approx- 
imately 350 to 3000 Hz at - 6  dB, with no greater 
than 3 dB of passband ripple. If other cutoff frequen- 
cies are desired, appendix 1 gives the equations 
necessary to calculate new values of J, and Q. 
Appendix 2 gives the equations for calculating the 
parts values for the individual filters. 

The clipping stages, as described earlier, use a pair 
of forward-biased diodes. With the bias resistor 
values shown, the clipped output will limit at about 
300 mV p-p. The shunt-bias resistor values are kept 
low enough to insure that the input impedances of 
the second BPFs remain fairly constant even when 
the clipping diodes turn off. 

The second set of BPFs are identical to the first. 
Their outputs are combined in another section of an 
LM324, which delivers the system output through a 
resistive divider. By adjusting the resistor values, the 
output amplitude can be set approximately the same 
as that of the microphone, allowing the clipper to be 

fig. 4. Performance of the clipper stage shown in fig. 3. The 
sinusoidal trace was made at the threshold point (1-dB clip- 
ping). The middle trace shows 5 dB of clipping, and the 
outer trace was made with 15 dB of clipping. The vertical 
sensitivity is 50 mvldiv. 
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fig. 5. Complete schematic diagram of the split-band audio processor. Q1 is a 2N4392 or equivalent. U2. U3, and U4 are LM324s. 
C1 and C2 ere dipped tantalum capacitors (RS272-1409). C3 is also a dipped tantalum (RS 272-1408). All other polarized capacitors 
are tubular tantalums or electrolytics. The remaining capacitors are ceramics, with the exception of the 1000-pF capacitors, 
which are 5 per cent dipped micas. All resistors are 114-watt, 5 per cent, carbon composition. 
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fig. 6. Full-size printed-circuit layout for the audio clipper board. 

switched in and out without a gain change in the frequency. Eq. 1 demonstrates how an input signal 
transmitter. Note that the BPF outputs are alternately at this frequency is shifted + 45 degrees in one chan- 
connected to the plus and minus inputs of the com- nel and - 45 degrees in the other: 
biner. The next section will demonstrate why this is 
done. 0 = 90 - arctan 

Assuming the equations shown in the appendix 
were used to determine the j, and Qof the individual - arctan 
filters, adjacent filters will share a common - 3 dB (1) 

fig. 7. Component location on the audio clipper board. 
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fig. 8. Full-size circuit board byout for the compressor 
board of the split-band processor. 

where 0 is the phase shift in degrees 
f, is the filter center frequency 
f is the frequency of interest 

After cascading the two filters in each channel, 
this shift will be doubled to f 90 degrees. Clearly, if 
these two signals are vectorially added, their sum will 
be zero because they are of equal amplitude but 180 
degrees out of phase. A simple solution to this prob- 
lem is to invert the phase of one signal. This is effec- 
tively what is done by the combiner. 

Solving eq. 1 for other frequencies will yield a 
phase error that increases with distance from the - 3 
dB point. This error is less important, however, 
because the amplitude difference also increases, so 
the larger signal dominates when the summation is 
made. 

construction 
For added versatility, the circuit is constructed on 

two etched circuit boards; the input compressor on 
one, the clipper-filter on another. This allows either 
one to be used alone in other applications. Figs. 6 
and 8 are full-size layouts of the foil sides of the two 

flg. 10. View of the prototype split-band spwch processor. 
The circuit boards are mounted using metal spacers and 
machine screws. Room is available for mounting an ac 
power supply; an external supply was used for this model. 

flg. 9. P a m  placement diagram for the compressor 
circuit board. 

boards, while figs. 7 and 9 show the component 
placement. These boards have been laid out with 
considerable attention to preventing ground loops. A 
hand-wired board should be built with the same 
attention. 

The prototype shown in fig. 10 was constructed in 
a Radio Shack enclosure (270-253). Sufficient space 
remains for the inclusion of an ac-operated power 
supply. Fig. 11 is a schematic diagram of a suitable 
supply. Liberal use of ferrite beads and bypass capac- 
itors on all leads entering the enclosure eliminates 
any chance of problems with rf interference. 

performance 
As fig. 12 shows, the frequency response is very 

close to what was calculated, despite the use of 5 per 
cent components. By adjusting R7, the clipping level 
can be varied from 0 to 15 dB. Greater amounts of 
clipping can be had by increasing the gain of either 
U2 or the BPFs, or reducing the clipping stage bias to 
lower the clipping threshold. 

Caution should be exercised befbre deciding on 
greater amounts of clipping, however. This could 
turn out to be too much of a good thing. Increased 
clipping does continue to reduce the peak-to-average 
ratio, but at the same time distortion increases rapid- 
ly. This is shown graphically in fig. 13. As pointed 
out by Moxon,4 most of the improvement is obtained 
by the first 6 dB, with little to be gained by increased 
amounts. My on-the-air tests seem to indicate that 
10 to 12 dB is about optimum with this system. All of 
this is rather subjective, but the whole topic of 
speech intelligibility and recognition is pretty subjec- 
tive, so take it for whatever it's worth. 

Total harmonic distortion was measured with an 
HP 331A distortion analyzer at various frequencies 
and clipping levels. The results of these measure 
ments are shown graphically in fig. 13. As the figure 
indicates, distortion begins to rise rapidly as the clip- 
ping level approaches 15 dB. 

These measurements were of necessity made with 
single frequency inputs which represent worst-case 
conditions. Because clipping is occurring on every 

September 1979 17 



fig. 11. Schematic diagram of an ac power supply suitable 
for use with the processor. The transformer can be a Radio 
Shack 273-1385, the diode bridge a 276-1151, and C1 either 
272-1019 or 272-1032. 

half cycle, harmonic generation is maximum. With 
speech, clipping occurs much more randomly, with 
p~oportionally less total distortion. 

On-the-air tests have been extremely gratifying. 
Reports have indicated substantial increases in ap- 
parent signal strength without noticeable distor- 
tion or loss of naturalness as long as the clipping level 
was held around the 10- to 12-dB point. Some loss of 
naturalness seems to occur above this point, but up 
to 15 dB, the sound is still not too objectionable. No 
tests have been run at levels in excess of 15 dB. 

operation 
Operation is very simple. The agc amplifier holds 

the clipping level constant, relaxing the operator re- 
quirements considerably. Some adjustment of the in- 
put sensitivity may be necessary if the microphone 
used has either a very high or very low output. While 
the dynamic range of the compressor will handle a 
higher input, the rise in background noise between 
speech pauses will be annoying to the listener. In this 
case, a series resistor may be added to the input 
which, in combination with R1, forms an attenuator. 
In the case of a very low-output mircophone, in- 
creasing the value of R4 will increase the sensi- 
tivity. Highest gain occurs with R4 omitted entirely. 

On the output side, changing the value of R54 will 
control the maximum output level. This interacts 
with the audio gain control on the transmitter, so 

1 0 0  HZ I kHz I0 kHz 

corrections can be made either place. I tried to pick a 
value that allowed the clipper to be switched in and 
out without having to readjust the microphone gain 
each time. 

Finding the best setting for the microphone gain is 
best done with the aid of an oscilloscope on the 
transmitter output. With the clipping level set to max- 
imum, adjust the transmitter gain so the peak output 
just approaches the level achieved with full carrier or 
excitation. If no oscilloscope is available, I find that 
just whistling into the microphone and setting the 
gain to the point that just activates the transmitter 
ALC works out very well. If you are not going to use 
the maximum amount of clipping available, then do 
the adjusting at the clipping level you intend to use. 
Even the best of clippers will not maintain a com- 
pletely flat output vs input characteristic. Therefore, 
if you adjust your gain at 15 dB of clipping, then 
reduce it to 10 dB, your peak output will drop a little. 

5 0 0  I* 2 k 

FREQUENCY - HI 

fig. 13. Total harmonic distortion vs clipping level. These 
curves were made with single tone inputs. Average distor- 
tion with speech input should be lower. 

This effect can be explained as follows: As shown 
in fig. 4, sine waves subjected to 15 dB or so of clip- 
ping take on the appearance of pretty good square 
waves. As mathematical analysis can show, a square 
wave is composed of a fundamental frequency and 
all of its odd harmonics. We try to filter out these har- 
monics and retain only the fundamental. Unfortu- 
nately, the peak amplitude of this fundamental com- 
ponent is larger than the peak amplitude of the 

4 square wave by a factor of % ,  or 2.1 dB.8 It is this 

factor that causes a continuing increase in output 
despite the use of a "perfect" limiter. 

I want to express my thanks to Jim Metzger, 
WTKR,  for his technical advice, to Frank Baker for 
his circuit-board layout genius, and to Don Scheick 
and Norm Keopfer for their assistance in the prepara- 
tion of the circuit boards. Additional thanks go to the 
many others who offered advice and encourage- 
ment, to Norma Putney for the typing of the manu- 

FREOUENCY - HI script, and to my wife, Terry, for the many hours 
fig. 12. Measured audio response of the speech processor. Spent away from family affairs during this project. 
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appendix 1 
For new passband limits, the values for Qandj, can be found as 

in  the following example: 

1. Define the low frequency - 6 dB point.fL (350 Hz) 

2. Define the upper frequency - 6 dB point, jL (3000 Hz) 

3. Find the multiplying coefficient, L 

L 4  = fH = LoE = 8,571 
f~ 350 

L = = 1.711 

4. Find the individual filter cutoff frequencies 

fL = 35OH.z 

LfL = 599Hz 

L2fL = 1025 HZ 

LYL = 1753 Hz 

L4fL = 3000 Hz 

5. Find the individual center frequencies 

fol = J f j r o )  (599) = 458 HZ 

j 0 2  = J(599) (1025) = 784 Hz 

/,, = J(l025) (1753) = 1340 Hz 

for = J(1753) (3000) = 2293 Hz 

6. Determine required Q 

Q = f "  
B W  

2293 
Q 4 =  = 1.839 

Use Q = 1.84 

appendix 2 
The multiple feedback bandpass filter shown below may be 

designed by the fol lowing method (example in  brackets): 

Choose: C = C I  = C2 

IC = l o o o p ~  = 10- ~ F I  

IA I Let: H = A 4 

where A, = desired gain 

Q = Qfrom appendix 1 

Calculate: K = 27rj0C 

[ 2 ~ - 4 5 8 * 1 0 - -  9 = 2.878.10 -61  

1 R l  = H K  

This completes the calculations; the final step is t o  select the 
nearest 5 per cent standard resistor values. If, as in  the above ex- 
ample, A, equals 4 2 ,  R I  wil l  equal R2, which minimizes errors due 
t o  tolerance variations. 

The following program, writ ten for an HP 25 calculator, will 
speed the design of the BPF: 

HP-25 Program Form 
Title Multiple  Feedback landpane F i l t e r  -- 
Sw~tch to PRGM mode. prn. O L5K ,then key on the prwrarn 

- -  . 
%C2r0*ci 0 

C J -- 

- 
. decinea K -- 

-I? 2 ..ST$6 :L - - 

. W 2 4  05 RCL 5 
~ 

- 
, 15 0 3  g A B S  

11 24 0 4  RCL 4 

f'j 
t19d@7L 24 RCL 6_ 1 4 & & - - ~ q " ~ ~ ? d  
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antenna design 
for omnidirectional 

repeater coverage 

The problem 
of good coverage 
with vhf antennas 

on towers with large 
cross-sectional areas 

is resolved 
in this article 

This is the story of how one club obtained uniform 
coverage in all directions with a repeater antenna 
mounted on the side of a very wide tower. Perhaps 
the solution will help others with the typical problems 
of side-mounted antennas. 

the problem 
The difficulty that the Western Illinois Amateur 

Radio Club (WRSAEA) faced was not an unusual 
one on side-mounted repeater antennas. Coverage 
was not uniform in all directions; there were many 
peaks and many nulls. In some directions range was 
disappointingly short. Unless the repeater antenna is 
mounted on top of a structure this situation is typi- 
cal, because a side-mounted antenna pattern usually 
has peaks and nulls resulting from the interference, 
reflections, and absorption of the structure. The local 
TV station, unfortunately, wouldn't let us put our 
array on the top of their tower above the TV antenna. 

An interesting aspect of the WRSAEA problem 
was the large cross-sectional area of the TV broad- 
cast tower we're using. The triangular shape is 4.8 
meters (15 feet, 10 inches) on each side. Although 
this tower is very wide for a 244-meter (800-foot) 

structure, the problem and solution are relevant to 
both smaller and larger structures. 

solution 
The solution needed was some type of antenna 

array all the way around the supporting structure. 
Minimum coupling to the tower and uniform illumi- 
nation of the horizon with good input vswr were re- 
quired. A search of Amateur Radio reference rna- 
terials yielded no answers. At this point the club 

NOTES: 
I. 63.5 rnrn 12-1/2 IN.) OD TUBING AT ALL TRIANGLE CORNERS 

2. ANTENNA HEIGHT: 223  METERS 1731 FT1 A8OM GROUND. 
3. OPERATING MR4METERS: 

FREWENCY W . 1  WAVELENGTH. CM (IN.) 
TRANSMIT: 14703 204 100.31 
K%X€NE: 14L63 2 0 3  l n . 9 )  

4. RMS W I N :  
2 LAYER 0.0 dl) 
3 LAYER % 3.8 dl) 

fig. 1. Tangential-fire antenna array using Yagis attached to 
a tower of large cross section. Note that the main lobe of 
each radiator is perpendicular to the tower and that free 
space exists in front of, and to the rear of, each pattern. The 
resultant radiation pattern of each antenna is summed so 
that the overall pattern is essentially omnidirectional. 

By James R. Ruxlow, NSSN, 8 Elmwood 
Drive, Quincy, Illinois 62301 
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president, Tom, WSNJV, approached a local pro- 
fessional antenna engineer, Ron, W9N00. Ron is 
very well respected for his many years of designing 
vhf and uhf broadcast antennas. 

As usual, Ron knew what to do. He suggested a 
"tangential fire arrangement" for mounting anten- 
nas on the very large triangular tower. Of course, we 
didn't know what he was talking about; but as if 
often the case with someone who really knows his 
subject, Ron was able to make it simple for us. 

description 
By "tangential" Ron meant that the radiators 

would have their maximum radiation on a tangent, or 
.at right angles, to the tower. This seems a little un- 
usual at first, because we normally think in terms of 
an antenna radiating straight out from a tower. But 
here, if you're standing at the center of the tower, 
the maximum energy is pointed off to one side rather 
than straight out. To obtain constant signal ampli- 
tude in all directions, one radiator is placed on each 
leg of the tower. Notice from fig. 1 that the main 
lobe of each radiator is prependicular to the tower 
and there is free space in front of, and to the rear of, 
each radiation pattern. The tower structure is off to 
one side of the radiator, so there's a minimum of 
coupling and distortion. 

pattern sum 
To obtain omnidirectional coverage it's necessary 

for the pattern from one radiator to add to the next, 
so that the resulting sum is as close as possible to a 
circle. Fig. 2 illustrates this concept of the addition of 

fig. 2. Development of the cosine radiation pattern resulting 
from three antennas fed with the proper phasing system. 
The sum of the patterns approaches a circle. 

in the plane perpendicular to the radiating elements 
(H plane). Other patterns lend themselves to four or 
more radiators around a tower. 1.2 

radiators 
Ron told us that the desired cosine-shaped pat- 

tern is approximated by the typical short Yagi an- 
tenna. We decided to use on each leg of the tower a 
five-element Yagi manufactured locally. This beam 

the patterns. (In this figure the patterns are drawn to 
a very large scale, and the tower triangle to a very 
small scale, to represent the addition that takes 
place in the far field.) 

The ideal individual radiation patterns would have 
a 6 dB beamwidth of 120 degrees. The half voltage 
( - 6 dB) intensity of one radiator would then coin- 
cide with the half voltage radiation of the next. If 
the components from adjacent radiators are in 
phase, they will then sum to equal the full intensity. 
Figs. 3 and 4 illustrate the development of this con- 270. 

cept. Since the cosine function has a value of one- 
half f 60 degrees, the desired pattern shape is re- 
ferred to as a cosine pattern." The repeater antenna 
is vertically polarized, so our concern is the pattern 

'Another variation of this concept is the cos2 pattern, which was developed 
for vhf antennas on ballistic missiles. The same problem existed: the re- 
quirement for omnidirectional coverage with minimum attenuation from 
antennas mounted on the side of a huge mass of metal (the missile). Much 
time and effort went into the development of the cos2 antenna, which is 
now standard for range safety and telemetly electronics on large rocket 
launch vehicles. Some of the early work on these antennas was done by fig. 3. Ideal cosine pattern of three antennas fed in phase. 
the engineering department of the Convair division of General Dynamics The cosine of the angle, 8, lies between -90 and +90 
for the Atlas missile in the late 1950s. Editor. degrees. 
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has standard dimensions with about 9 dB gain. It is 
very well constructed to take the rigors of being 
mounted 163 meters (535 feet) in the air. This was an 
important consideration, because nobody was in- 
terested in climbing up there - or paying a profes- 
sional. to go up there - in windy, cold weather to 
tighten a bunch of flapping aluminum. 

spacing between radiators 
For the amplitudes of the patterns of the radiators 

to add, it's necessary for the phasing and spacing to 
be correct. In our case, each Yagi was fed in phase 

Antenna-mounting hardware consists of stainless steel and 
heavy-gauge aluminum. 

fig. 4. The development of the cosine pattern of n antennas 
fed in phase. This data is from a pattern recorder used dur- 
ing tests of the WRSAEA two-meter system. 

through an equal length of feedline. The center of 
radiation (driven element) of each beam must be an 
integral number of free-space wavelengths apart. 
This requirement assures that the energy of each 
element will add correctly with energy from the next 
element. This is represented by the dimension n*X (n 
times lambda), fig. 5. To suspend the Yagis at least 
one-half wavelength from the tower legs, the spac- 
ing worked out in our case to three wavelengths 
(see fig. 1). Ron pointed out that there are tech- 
niques for spacing the radiators at any multiple of 
one-third wavelength.3 

gain of the array 
At this point some of us got enthusiastic about the 

gain of this concept. After all, with three 9 dB Yagis 
the gain should be high, right? Wrong. When the 
patterns add up to a circle, the average gain drops to 
that of a half-wavelength dipole. It was hard for 

some of us to get this through our thick heads, but 
the single stack or "bay" of three radiators around 
the tower yields to gain equal to that of a reference 
dipole. 

Ron pointed out that the addition of a second 
level, or bay, of three more Yagis, stacked one wave- 
length above, would double the gain and give 3 dB 
over a reference dipole. So we decided to build a 
two-bay system with three Yagis per bay. 

scale-model tests 
To make sure the thing would work, Ron and his 

collaborator, Joe Donovan, tested a scale model of 

Scale model of one of the antennas used for tests. 
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ment. Note the nulls down to 20 dB below maximum 
and broad areas of poor gain. This type of poor cir- 
cularity is typical of many side-mounted vhf anten- 
nas. Fig. 7 shows the pattern of the tangential-fire 
configuration used for our new array. The circularity 
is f 3 dB or better. In other words, the gain in any 
direction is no more than 3 dB from the average. 

power divider 
A power divider to feed the six Yagis in phase 

from a single feedline was the next design task. A 
quarter-wavelength transmission-line transformer is 

fig. 5. The center of radiation from each beam must be an in- 
tegral number of free-space wavelengths apart so that the 
energy of each element (antenna) wil l  add wi th energy from 
the next. This is represented by the dimension nX, where X is 
the spacing in wavelengths. 

the tower cross section and Yagi elements. A con- 
venient test frequency for their scale-model antenna 
was 955 MHz. At this frequency the models are small 
enough to be easily rotated by a powered turntable. 
A continuous plotter automatically recorded the 
pattern shape. Fig. 6 shows the pattern with three 
Yagis pointed straight out, or a radial-fire arrange- 

fig. 7. Radiation pattern of the tangential-fire arrangement 
used at WRSAEA. Circularity is f 3 dB or better, which 
means that the gain in any direction is no more than 3 dB 
from the average. 

TOWER LEGS 

RAOIA L - FIRE 

fig. 6. Radial-fire pattern in which three Yagis are pointed 
straight out from the tower. Note nulls and broad areas of 
low gain. The poor circularity is typical of many side- 
mounted vhf antennas. 

perhaps the most simple technique. If all six Yagis 
are matched to 50 ohms and fed through convenient, 
equal lengths of feedline, the feedlines can be paral- 
leled at a single point. Six 50-ohm loads in parallel 
result in an impedance of 8.3 ohms. In other words, 
we need an impedance transformation of six to one. 

The design curves in Chapter 22 of reference 4 
shows about a + 5 per cent bandwidth at a vswr of 
1.2 for a six-to-one transformation with a single 114- 
wavelength transformer. The usual equation, Z = 
J m o r  Z = Jm, tells us that 114 wave- 
length of transmission line, with a characteristic im- 
pedance of 20.4 ohms, would match 8.3 to 50 ohms. 
However, the design curves also show that, by 
making the transformation in two steps, the band- 
width at a vswr of 1.2 can be increased to + 20 per 
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section has an impedance of (50) (20.4)= 32 o h m  
marua-r 
.?!I mm I l l 1  

and the other J (20.4) (8.3) = 13 ohm.  
a n r r w o l m E n m  
€WALL* rrm Hano 
.I nm I I V 5 J  WTER divider construction 

* a n  - -so mm 02s 1 1  w 
' N A P  rU) ~ m l ~ ~ . l L O l l i  Fig. 8 shows the construction of the power di- 

-IIR*M vider. The 114-wavelength sections are coaxial. 
Therefore the usual formula Z= 138 log (db) was 
used to calculate the ratio of the diameter of the 
outer to inner conductors. It was convenient to con- 
struct the outer shell from a piece of 41-mm (1.625- 

-enmr )5R l1110  
inch) rigid coax line. The 50-ohm type N input was 

I .  mm ME64 MI m 
a r m  1, 621 ,".I Llw constructed from a 41-mm (1.625-inch) flange, a 

DI.IvKXCfInn 
41-mm (1.625-inch) reducer and a short section of 

4, - t,.sZs m.1- 
lo,#¶ M.J T I P  

F L U E  A m  
41-mm (1 .625-inch) inner conductor. The six outputs 

R€Ui.zw are type N connectors spacbd equally around the cir- 
* D I E I S  I 

1 . 4 a t I . M L l ~ L L F a m r D v h l a r  
cumference at the opposite end. The center conduc- 

w.0 mm l l V 7  L l  ID. 
L OMRU L E U ~ ~ Y  1.2 - 14 rn 

tors of the six type N outputs are connected in 
parallel with short lengths of 2.1-mm (no. 12 AWG) 

fig. 8. Construction details of the power divider used with Solid copper wire to the end of the last 114- 
the WRSAEA antenna. wavelenath inner conductor. Some routine lathe - 

work was necessary to construct the inner conduc- 
cent. This configuration is less sensitive to inaccura- tors, brushings, Teflon supports, and end cap. 
cies and changes in the load impadance. Two 114- Rex, KSWV, put his workshop facilities to the task 
wavelength sections in series match the 8.3-ohm of constructing the divider. Initial testing showed a 
load to an intermediate value to 20.4 ohms, which is very flat vswr of about 1.22 over the whole 2-meter 
in turn matched to 50 ohms. One 114-wavelength band. To bring the device up to professional stan- 

The WRSAEA array on an fm broadcast antenna tower. Army is st the20-meter (Sfoot) lwel for testing. The heroes doing their 
thing for the cause are NSSN, left, end WNWN. 
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dards, a stub was added to the input transmission 
line to reduce the vswr to less than 1.1 from about 
142 to 151 MHz. See fig. 9. 

full-scale tests 
The Yagis, mounting hardware, feedlines, and 

power divider were then mounted on the TV tower at 
the 20-meter (65-foot) level. Jim, NSSN, and Dave, 
WSNWN, petformed these tasks of installing and 
adjusting the antennas. This work provided a very 
important check of all parts of the system before the 
critical full-height installation. A check of the pattern 
was made by comparing the signal received from the 

-. array with that from a reference Yagi, hand-held out 
from the tower in the direction of the field-strength 
meter. Although this method of checking a pattern 
isn't accurate, seventeen measurements in all direc- 
tions showed no major peaks or holes. Once all the 
minor mechanical bugs were corrected, a profession- 
al climber was hired to install the array several wave- 
lengths below an fm broadcast transmitting antenna, 
approximately 163 meters (535 feet) high. 

predicted coverage 
Ed, W4HTP, calculated the predicted coverage 

using broadcast techniques. FCC 50150 curves cal- 

fig. 9. Response of the power divider with and without a 
stub on the transmission line. 
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table 1. Predicted coverage of the required field strength Distance 
WR9AEA two-meter repeater an- Example receiving equipment at 9 meters (30 ftl km (miles) 
tenna array for various receiving 1 114-wavelength rooftop mobile + 21 dBpV1m 77 (48) 
antennas. Predictions are based 2 518-wavelength rooftop mobile + 18 dBpVlm 85 (53) 
on 50 per cent of the potential 3 Ringo at 9 meters (30 ft) + 1 dBpVlm , 144 (90) 
receiving locations for 50 per cent 4 1 l-element beam at 12 meters (40 ft) - 12 dBpVlm 216 (135) 
of the time. Distances are for 5 2 stacked 1 l-element beams at - 21 dBpVlm 280 (175) 
receiving the repeater. 24 meters (80 ft) 

culate coverage exceeding 50 per cent of the time in 
50 per cent of the potential receiving locations. The 
calculations consist of two steps: prediction of field 
strength from the repeater transmitter and deter- 
mination of field strength required by various con- 
figurations of fixed and mobile stations. The results 
are shown in table 1. (Reference 5 and 6.) 

results 
Results have been excellent. Coverage in all direc- 

tions seems to bear out the predictions. Mobile cov- 

serves public recognition for his constant, active 
leadership in getting everybody to work together. 
Photo credits to to Roger Humke, WASKRG. 
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exposure to 

radio-f requency 

generating equipment: 
is it safe? 

Review of the literature 
has produced some 

interesting observations 
on the hazards of EMR - 

here's a report 
of the latest information 

on this controversial subject 

Those of us involved w i th  electromagnetic radia- 
tion (EMR) for business or pleasure have, in the last 
few years, become disturbed by certain questions, 
which grow louder and more insistent as time 
passes. These questions address the safety, or lack 
of safety, associated with exposure to EMR. The prin- 
cipal target of these inquiries has been in the area of 
microwave radiation, but there has been increased 
interest in the matter of safety within the more usual 
communication frequencies: uhf, vhf, and high fre- 
quency. These questions have been amplified, per- 
haps more than they deserve, by the press; and it is 
becoming harder and harder to ignore them.' You 
find yourself wondering whether the push-to-talk 
button and antenna on a handheld vhf transceiver 
might better be replaced by a trigger and gun barrel 
respectively. 

While under most conditions we can't "feel" EMR, 
we're becoming more aware of its presence. This is 
an unwelcome occurrence, since most of us have 
always thought of shortwave radiation as being noth- 
ing if not safe. We all live most of our lives within a 
constant "fog" of EMR of many frequencies. In fact, 
we're constantly affected by the information trans- 
mitted by radio waves. The suspected damage that 
may be caused by rf energy varies from the "blahs" 
to cataracts, heart disease, cancer, impotence, and 
birth defects. What's worse, while most of this is 
unproven, it hits the lay press with the impact of fact. 

By Steve Kraman, MD, WA2UMY, 2901-B 
Candlelight Way, Lexington, Kentucky 40502 



Even the more responsible reviews of the subject this knowledge didn't stop progress in the field of 
offer no assurance that we may continue our use of radar and communications. The existence of high- 
radio with impunity.2.3 power rf-generating equipment began raising safety 

Distrust of the establishment also has had a hand questions, principally within the military community. 
in promoting doubt among the rf-irradiated public. 
We mistrust our government when we hear that the 
Russians have a standard for safe rf fields that is one 
thousand times smaller than ours, and that they 
believe that many adverse mental health and physical 
effects can be produced in man by low-dose rf expo- 
sure. We read that the Russians have been beaming 
microwave radiation (for questionable reasons) at the 
U.S. embassy in Moscow for years; then we hear 

* that more cases of cancer may occur among the 
embassy workers than can be explained by chance. 
When the United States government chalks this up 
to chance, we wonder.4 

The purpose of this article is not to reassure you 
that there's nothing to worry about; not quite 
enough information is available for that yet. Nor is 
the article intended to alarm, since I don't believe 
that the known facts justify that either. The following 
text reviews what is known to date about EMR and its 
effects on biological systems. It separates fact from 
fiction and suggests a reasonable response by those 
who must swim in the sea of EMR that surrounds us. 

history 
Interest in the biological effects of EMR has waxed 

and waned considerably since the first true electro- 
magnetic field was generated by Hertz in 1888. Some 
research was done in 1891 by D'Arsonval and Tesla, 
but this was essentially the only work done in this 
area until the 1930s. Before this, in 1891, when elec- 
tric lights were installed in the White House for the 
first time, they were not placed in the rooms that the 
President used frequently, because they were con- 
sidered potentially dangerous. During the 1930s 
interest in rf radiation began to grow, spurred by the 
development of high-power transmitting techniques. 

But World War II caused this research to grind to a 
halt in the favor of work of a more certain and con- 
ventionally destructive nature. At the end of World 
War II we had a new toy to learn about and with 
which to experiment - nuclear energy. However, 

Much has been published on the hazards of exposure to electro- 
magnetic radiation, from low-power, low-frequency equipment to 
high-power microwave devices. The author of this article is a medi- 
cal doctor and a Radio Amateur interested in this controversial sub- 
ject. He has researched the available literature (domestic and 
foreign) on the subject. This article sums up the results of that 
research. The conclusions imply that Amateur Radio transmitting 
equipment probably does not impose health hazards on humans 
provided certain safety considerations are observed. Editor. 

The Tri-Service study. In 1956 the Tri-Service pro- 
gram was established, coordinated by the Air Force. 
Its purpose was to conduct research to determine the 
biological effects of nonionizing radiation. This 
research effort lasted four years and four annual con- 
ferences were held. The outcome of the Tri-Service 
program was to suggest that there was no evidence 
implicating levels of electromagnetic radiation below 
100 mWlcm2 in damage to living tissues. 

The implication that EMR could cause damage only 
in its capacity to heat was clear. It's of importance, 
however, that very little, if any, of this research was 
done at levels below 100 mWIcm2 and, indeed, most 
of it was between the power levels of 300-400 
mWIcm2. The Tri-Service study, then, addressed 
only the problem of thermal effects and assumed this 
to be the only danger. The government accepted this 
opinion, and, partly as a result, little further research 
was done in this country from 1960 to 1970. 

Federal E M R  legislat ion. During the present 
decade, interest in the biological effects of EMR has 
escalated steadily, primarily because of technological 
advancements that have resulted in increased expo- 
sure to EMR by the general population. The skyrock- 
eting popularity of CB radio and microwave cooking 
account for much of this increased exposure. The 
use of high-power communications and radar equip- 
ment has also heightened concern for personnel in 
the military. Additionally, several pieces of federal 
legislation have stimulated research in the field by 
calling for protection of the public from all sources of 
radiation, including ionizing, nonionizing, sonic, and 
ultrasonic devices. These federal acts are the Radia- 
tion Control for Health and Safety Act of 1968, the 
National Environmental Policy Act of 1969, and the 
Occupational Safety and Health Act of 1970. They 
require that users of EMR-generating equipment 
demonstrate the safety and effects on the environ- 
ment of their equipment. Yet another factor that 
helped spur American researchers was the presence 
of a large body of Soviet-bloc literature that points to 
conclusions much different from those of the Tri- 
Service program and imply that very low levels of 
EMR (by our standards) could be dangerous. These 
studies, while for the most part poorly controlled, 
carried out, and reported, could not be totally 
ignored, since many of our own studies suffer from 
the same shortcomings.5 The Russian studies are 
covered in more detail later. 
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physical characteristics of EMR the EMR frequency, since the depth of penetration 
decreases as the frequency is increased. 

EMR must be distinguished from ionizing radiation An animal may handle a heat load more easily if 
(x-ray, nuclear), since its effect on molecular struc- the heat load is applied to its skin, where air cooling 
ture is much different. Nuclear radiation causes no occurs, than if the heat load is developed internally 
significant heating of the irradiated object. Instead, within vital organs that are cooled only by blood cir- 

table 1. Properties of electromagnetic waves in biological media* 

frequency 
(MHz) 

wavelength 
in air 
Icm) 

dielectric 
constant 

tH 
2000 
160 
113 
97.3 
71.7 
56.5 
54 
53 
52 
51 
49 
47 
46 
44 
43.3 
40 
39.9 

muscle, skin, and tissues with high water content 
conductivity wavelength depth of reflection coefficient 

O H  XH penetration air-muscle interface muscle-fat interface 
Imho/rn) Icm) Icm) T 6 T 6 
0.400 436 91.3 0.982 + 179 
0.625 118 21.6 0.956 + 178 
0.612 68.1 14.3 0.925 +I77 0.651 -11.13 
0.693 51.3 11.2 0.913 +I76 0.652 - 10.21 
0.889 27 6.66 0.881 + 175 0.650 - 7.96 
1.28 16.6 4.79 0.844 +I75 0.612 - 8.06 
1.37 11.9 3.89 0.825 +I75 0.592 -8.14 
1.43 8.76 3.57 0.803 +I75 0.562 - 7.06 
1.54 5.34 3.18 0.779 +I76 0.532 - 5.69 
1.60 4.46 3.04 0.772 +I77 0.519 - 4.32 
1.77 2.81 2.42 0.761 + 177 0.506 - 3.66 
2.21 1.76 1.70 0.754 + 177 0.500 - 3.88 
2.26 1.45 1.61 0.751 + 178 0.495 - 3.20 
3.92 0.89 0.788 0.749 + 177 0.502 - 4.95 
4.73 0.775 0.720 0.746 +I77 0.502 - 4.29 
7.65 0.578 0.413 0.744 + 176 0.513 - 6.65 
10.3 0.464 0.343 0.743 +I76 0.518 - 5.95 

its photon energy is sufficient to disrupt the atomic 
bonds, thereby causing ionization and damage to the 
molecular structure. If this molecule is part of a living 
cell, it may become damaged, die, or its genetic 
material may be changed. EMR doesn't cause these 
effects, because the photon energy of even micro- 
waves is so small that it causes no ionization. The 
energy absorbed, however, can increase the speed 
of molecular vibration, thereby causing an increase in 
temperature. The more energy absorbed, the more 
heat produced. To date, all known damage by EMR 
seems to be the result of this heating. This effect is 
clearly seen through the window of a microwave 
oven. 

Importance of EMR absorption. Depending on the 
EMR frequency, the size and character of the target, 
and the presence of other objects, a certain amount 
of energy will be absorbed and the rest will be reflect- 
ed or refracted. Only the energy absorbed by the ob- 
ject affects it, and this has been one of the problems 
in microwave research. Most studies conducted to 
assess the effects of microwave radiation on biologi- 
cal subjects measure the field strength of the electro- 
magnetic field, even though the actual amount of 
energy absorbed is unknown. Not only is the absorbed 
dose important, but so is the size of the subject and 

culation. In this way EMR research is years behind 
nuclear research, which has long recognized and 
used the rad, a unit of absorbed energy, when refer- 
ring to exposure to radioactive materials. The roent- 
gen, a unit of emitted energy, is fine for describing 
the generating equipment but says little about its 
effect on the person receiving the radiation. Recent 
studies in the field of EMR have used methods to cal- 
culate or measure the actual absorbed dose of radi- 
ation. 

Near- and far-field considerations. Another factor 
affecting the field density is whether the object is in 
the near or far field. The far field is that distance 
(generally more than one wavelength) beyond which 
the electric and magnetic fields are coherent and in 
phase. The field impedance is constant in the far 
field, so that measurement of either the electric or 
magnetic component will be proportional to and will 
determine the power density. In the near field, how- 
ever, the electric and magnetic fields are out of 
phase, and it becomes more difficult to measure 
power density. In this situation it's more convenient 

'Tables reprinted from "Non-Ionizing Electromagnetic Wave Effects In Bio- 
logical Materials And Systems" by C. C. Johnson and A. W. Guy, Proceed- 
ings of the IEEE, Vol. 60, No. 6, June, 1972. 
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to measure volts per meter (V/m).6 This is of little 
consequence with microwaves, because the far-field 
situation exists at distances of only a few meters or 
so from the antenna. However, at most communica- 
tions frequencies, the object in question is often in 
the near field. At a wavelength of 80 meters for 
instance, the entire dwelling and many of the neigh- 
bors may be in the near field, and this makes 
research into near-field phenomena quite important. 

The so-called nonthermal effects of EMR are the 
more controversial aspects of the subject. The pres- 
ent research push is to discover if these effects exist 
and, if so, whether they offer significant health haz- 

* ards. This research is necessary because most, if not 
all, past studies reporting to show nonthermal effects 
ignored regional temperature changes caused by 
concentration within objects. The studies were poor- 
ly or not controlled, entirely anecdotal in nature (and 
therefore impossible to evaluate), or were so incom- 
pletely described that they can't be duplicated.7 

The scientific method demands that, as much as 
possible, all factors other than that being evaluated 
be accounted for and set aside to attribute a possible 
effect to a certain cause. This is impossible to do 
with certainty, so the importance of statistical analy- 
sis (to determine the possibility that chance alone 
caused a certain effect), and repetition by other 

The Soviets recognized the effects of EMR on 
human nervous tissue as far back as 1937, when 
Turlygin found that excitability of the central nervous 
system was increased when a spark oscillator was 
switched on near the subject's head (not a totally 
unexpected effect). Since then, with the exception 
of the war years, Soviet-bloc literature in this area 
has poured out in increasing quantities. 

While many effects have been reported, those 
most frequently noted involve the central nervous 
system. These reports include frequencies from 30 to 
30,000 MHz and power ranges of microvolts to tens 
of milliwatts/cm2. Unfortunately, and as previously 
mentioned, most of these reports lack data without 
which intelligent evaluation is impossible; i.e., fre- 
quency, power, waveform, orientation of the body 
with respect to the beam, and type of experimental 
animal used. Many of the reports involving people 
exposed to EMR quote a wide range of subjective 
complaints such as headache, weakness, depres- 
sion, trembling, chest pains, inhibition of sex drive, 
inability to make decisions, general tension, and 
sense of anxiety. Other more objective findings 
reported are asthma, fast or slow pulse rate, high or 
low blood pressure, and EKG changes. 

The belief that these ailments are being caused by 
EMR exposure is so strong in the Soviet Union that 

table 2. Properties of electromagnetic waves in biological media* 

fat, bone, and tissues with low water content 
wavelength dielectric conductivity wavelength depth of reflection coefficient 

frequency in air constant 'JL XL penetration air-muscle interface muscle-fat interface 
(MHz) (cm) EL (mholm) (cm) (cm) T 9 T 9 

experimenters, is of extreme importance if you don't exposed workers can get the day off with pay if they 
want to be led astray. This is the essence of the complain of them. There is, however, a question 
scientific method, and while well understood for regarding the willingness of Soviet plant managers to 
decades, it's often overlooked by scientists who may admit they've been exposing workers to higher-than- 
be in a hurry and feel secure that they can be permitted levels of electromagnetic radiation for fear 
objective. of losing their jobs. In the realm of parapsychology, 
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fig. 1. Variation with frequency of electric-field strength to 
produce rate of rise of temperature at 1°C/hr, in: (A) The 
skin depth of semi-infinite layer of lossy dielectric in plane- 
wave field, (BI Sphere of lossy dielectric in plane-wave field, 
(C) Slab of lossy dielectric in capacitor field. 

many Russian experimenters believe not only in esp, 
but also that it is effected through microwave trans- 
mission and reception from brain to brain! 

The Eastern European literature describes micro- 
wave effects on many constituents of the blood, on 
gland functions, eyes (cataracts), and reproduction 
(sterility, altered development of the fetus, altered 
sex ratio of births [with girls predominatingl).' These 
results over many years have led the Soviet-bloc 
countries to adopt a maximum permissible dose 
(MPD) of EMR of 0.01 mWJcm2 (one one-thous- 
andth of the U.S. MPD). While this is looked upon 
with considerable disdain by Western scientists, the 
remarkable consistency of the many reports can't be 
discarded out of hand. This has led many U.S. inves- 
tigators to run better controlled studies to try to 
prove or disprove these reports. 

Recent studies, mostly from the West but also 
notably from Poland, have shown higher degrees of 
control and sophistication and are probably more reli- 
able than older reports. More accurate generating 
and measuring devices are being developed and 
used, and we are becoming more aware of the 
physics of EMR and how the conditions of the experi- 
ments affect the rf fields produced and power 
absorbed. Grants from the National Institute of 
Health and Public Health Service, among other agen- 
cies, have spurred research in this field. Most of the 
work has been with microwaves, and I will outline 
some of it here. 

cataracts 
It's generally accepted that microwave radiation 

can cause cataract formation (opacities in the lens of 
the eye). Reports of this affliction occurring in rela- 
tion to radar work or exposure to microwave ovens 
have been fairly well documented. Also, many ani- 
mal studies have been made to determine the basis 
of this effect. While all is not known with respect to 
this matter, it seems quite certain that the formation 
of cataracts results from the heating of the lens in a 
strong microwave field (that is, a field not associated 
with correct use of properly operating equipment). 

A fairly well documented case was that of a 
woman whose microwave oven leaked considerable 
radiation while the door was being opened. The level 
of radiation was 40-60 mWJcm2 while opening and 
1-2 mWIcm2 while closed. She used it for years that 
way and developed cataracts in both eyes described 
as "typical microwave cataracts." 

It must be mentioned that not all ophthalmologists 
agree that such cataracts are typical, and many 
people develop cataracts with age. Other reports of 
documented cataract formation are those of radar 
workers when abnormally over exposed (looking into 
the waveguide). 

The optic lens is susceptible to selective heating 
because circulation is practically nonexistent. There- 
fore, it has limited capacity to dispose of heat loads. 
There is no evidence that nonheating levels of micro- 
wave radiation can cause damage, and the levels 
generated by a properly operating microwave oven 
are far below this point (1 mWlcm2 when new; 5 
mWIcm2 when used - measured at 5 cm (2 inches) 
from the door1.8 

effect on the nervous system 

Studies' of the effects of microwave radiation on 
the brain have been spurred by the large number of 
reports in the Soviet literature of emotional and per- 
formance changes and the frequent reports of people 
who can "hear" microwaves - specifically radar. 
These studies conclude that many persons indeed 
can hear pulsed microwave energy. But they hear it 
at the frequency of modulation and cannot detect 
CW radiation. The actual cause of this is still not 
clear, but it may be due to selective heating and cool- 
ing of certain nerve cells in the ear or brain causing 
vibration that is detected as sound.9 Actual brain 
damage has been demonstrated only with levels of 
radiation far in excess of the present U.S. safety 
limit. 

Studies on the activity of mice subjected to low- 
power microwave radiation have been contradictory 



(some show no effect, some show decreased activi- 
ty). These have been carried out at different frequen- 
cies and power densities so that further research is 
certainly needed to clear the air. 

blood-f orming system 
Several studies have been done to assess the 

effects of microwaves on the blood and especially on 
the white blood cells, which are responsible for pro- 
tection against infection. Most of these studies show 
little or no effect and the importance of this is ques- 
tionable so far. More research is also needed in this 
area. 10 

reproduction 
Reproduction research is of obvious importance 

because of the known sensitivity of the fetus to 
subtle changes in its environment. Caution in this 
matter is extreme. Witness the fact that there is not 
even one drug that is known to be safe for use during 
pregnancy. A potential risk is always assumed. 
Radio-frequency energy in the microwave range, 
however, is probably not a danger to pregnant 
women, because the energy is absorbed by more 
superficial tissues (penetration of EMR decreases as 
frequency increases). The effect on male fertility is 
real, however, since the testes are heat sensitive and 
must exist in an environment cooler even than body 
temperature to produce sperm. This is the reason for 
their location. Heating of the testes by microwaves 
or anything else will cause sterility, but this is tempo- 
rary unless extreme heating occurs or exposure lasts 
over many months to years. So, while all the infor- 
mation is not in, there seems to be little or no danger 
to reproduction from current microwave exposure 
levels. 

uhf, vhf, hf studies 
Much less work has been done at these frequen- 

cies than at the microwave level. However, it's 
important to explore this area, since we're exposed 
more to EMR in this part of the spectrum and such 
energy can penetrate deeper into the body than 
microwaves do. As previously mentioned, the near 
field is more significant at lower frequencies because 
it occupies more space. 

10.' I I I 1 
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fig. 2. Variation with frequency of the radiation absorption 
cross section of a sphere of lossy dielectric." 

2. Greater emotionality 

3. Longer period of time needed to recover from an 
electrically induced convulsion 

4. Longer time to learn to swim in a water maze 

5. Difference in weight of the adrenal gland11 

This study raises more questions than it answers. 

Another study measured egg production of hens 
exposed to various frequencies of emf from 260 MHz 
- 2.435 GHz at levels of power not thought to pro- 
duce heating effects. All hens except those exposed 
to 915-MHz radiation layed fewer eggs during the 
experiment.12 What this means in practical terms is 
far from clear. 

The next study is perhaps more helpful to us. It 
was carried out by S.T. Rogers in England in an 
attempt to estimate the danger (if any) to shipboard 
personnel exposed for long periods of time to emis- 
sions of the shipboard radio. Since exposure under 
these conditions is mainly under the near field, it had 
to be determined how this exposure would compare 
to far-field exposure where the power density may be 
easily measured. 

The present radiation power limit of 10 mWIcm2 is 

behaviorial effects based i n  the increase of body temperature of a per- 
son by I-degree'centigrade, while one-half the body 

Little has been done in this area' One study of surface area is exposed to the source of electromag- 
interest exposed rats to low intensity (0.5 mW/cm2) 
300-920 MHz radiation for 40 days. While the rats 

'Graphs reprinted from "Radio Frequency Radiation Hazards To Personnel 
were probably in the near field (and this was really AT Frequencies Below 30 MHZ" by S. J. Rogers, Biolog~cal ~ f fec ts  And 
not accounted for), certain effects were noted: Health Implications Of Microwave Radiation (Symp. Proc. Med. College 

of VA, Richmond. VA, Rep. RRHIDBE 70-2) pages 222.232. September, 
1. Lower levels of activity 1969. 
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netic radiation. This is considered to be the highest 
safe exposure. When exposed to near-field radiation 
from a whip antenna, power density measurements 
become very complex and are difficult to relate to 
far-field density. 

Rogers contends that "the electrical properties of 
human tissues show that they resemble lossy dielec- 
trics and that any heating due to rf radiation would 
be a function of the electric component of the field." 
His theoretical and experimental approach to this 
subject is complex and elegant, and I refer those with 
more curiosity and a mathematical inclination to the 
original article. 

Rogers concludes that, to cause a temperature 
inclease of 1 degree centigrade per hour in a test 
liquid in a near field, a field strength of about 2840 
Vlrn would be necessary. He further states that, to 
allow for a margin of error, a field strength of 1000 
Vlm would be a convenient and reasonable limit. To 
convert this to practical terms, the electric field was 
measured at various distances from a whip antenna 
radiating at an output power of 1000 watts at fre- 
quencies from 2.1225-21.480 MHz. At all frequencies 
above 4.455 MHz, the field strength at 1.5 meters (5 
feet) from the antenna was less than 100 Vlm, but 
this rose sharply as distance decreased. At 4.455 
MHz the field strength at 1.5 meters (5 feet) was 
exactly 100 Vlm, and at 2.1225 MHz it was about 
500 Vlm.13 

On the basis of Rogers' findings, there would be 
relative safety in most situations an Amateur Radio 
operator may find himself in - the most caution to 
be observed at the lowest frequencies. It cannot be 
concluded, however, that distortion of the field by 
other objects would not focus rf energy to higher 
intensities than expected. 

conclusion 
Obviously, much work remains to be done in the 

field of EMR, its effects on biological systems, and on 
the safety of those exposed to it. I believe that it will 
be many years before anyone can say with adequate 
experimental support that our use of EMR is safe to 
us and future generations. 

I think it safe to say that the lack of clear, nonther- 
ma1 effects of EMR, despite many studies searching 
for it, supports the conclusion of the Tri Service pro- 
gram, which in 1960 said that "no data" was obtained 
to invalidate the safety level of 10 mWIcm*." 

We should remember, however, that distorted rf 
fields may focus power within objects, and that cer- 
tain organs, and the fetus, are more susceptible to 
thermal damage. 

I feel fairly secure in the use of Amateur Radio 
equipment in the way it's commonly employed, i.e., 
high-power equipment radiating through antennas 

outside of the shack and some distance in the air, 
and low-power vhf and uhf transceivers used close to 
the body. 

I urge avoidance of the following situations, due to 
knowledge of danger or insufficient studies: 

1. Avoid high-frequency, high-power equipment 
with antennas in the shack within 3 meters (10 feet) 
of living areas. 

2. Avoid direct radiation to the eye by a transmitter in 
the microwave region ("looking down the horn"). 

3. Avoid prolonged close contact with any antenna 
radiating more than minimal amounts of energy. 

4. Women in the early months of pregnancy, or 
those who may become pregnant, should avoid con- 
tact with strong hf, vhf, and uhf fields. 

I believe these are reasonable precautions that 
should cause no one much hardship, while allowing 
continued enjoyment of Amateur Radio equipment. 
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uhf and microwave 
frequency counters 

and 

A discussion of 
frequency counters 

counting techniques 
for use above 500 MHz 

Today's frequency counters have upper frequency 
limits rangcng from 1 MHz to 24 GHz. Much has been 
written in the various Amateur Radio journals describ- 
ing counters that perform up to 500 or 600 MHz, but 
relatively little has appeared heretofore explaining the 
techniques by which higher frequencies are meas- 
ured. This article is intended to supplement one pre- 
viously published' and to explain the methods used 
today, and in the past, that permit uhf and micro- 
wave frequency measurements to be accomplished. 

Although most lower-priced counters that can 
measure frequencies in the 500-MHz region use pre- 
scaling, state-of-the-art digital components in use 
today permit direct counting to well over 500 MHz. 
Frequency counters with ranges greater than this 
arbitrary, if not completely accurate, 500-MHz limit 
employ one of the following frequency-extension 
techniques: 

1. Prescaling, which can extend the frequency 
range to about 1.5 GHz (although indications are 
that frequencies over 2 GHz will be practical with- 
in a year) 

2. Transfer-oscillator down-conversion, which can 
extend the frequency range to over 40 GHz 

3. Heterodyne down-conversion, which can 
extend the frequency range to about 18 GHz. 

Prescaling is the simplest and most familiar tech- 
nique used to extend the range of a direct counter. It 

entails scaling, or dividing, the input frequency down 
to one which is'within the frequency range of the 
direct-counting logic in the counter. The dividing fac- 
tor may be any integral number. If the prescaler is 
external to the counter, it will usually divide by ten or 
one hundred, so that the frequency can be read 
directly from the counter after you have mentally 
multiplied the counter reading by ten or one hun- 
dred, as applicable. If the prescaler is built into the 
counter, it may scale by any integral factor. 

The advantage of using an external prescaler is 
obvious - it permits extending the frequency range 
of an existing counter at relatively low cost. Its disad- 
vantages become equally obvious after it has been 
used. First, there is the necessity of mentally moving 
the decimal point, since the counter is actually dis- 
playing the divided input frequency. Second, one 
digit of resolution is lost for every decade of scaling. 
For example, a 900,000.208-kHz signal measured 
with a scale-by-ten prescaler will read 90,000.021 on 
a counter having a 1-second gate time (1-Hz resolu- 
tion). Multiplying by ten yields a frequency of 
900,000.21 kHz; the 1-Hz resolution is lost by scaling. 
It can be re-established only by increasing the gate 
time by a factor of ten, provided the counter has that 
capability. 

If the prescaler is an integral part of the counter, 
mentally scaling the frequency and moving the deci- 
mal point is eliminated, since this will be accom- 
plished in the counter when the mode is changed 
from direct count to prescaled count. Nevertheless, 
the loss of resolution remains. It can be reduced 
however, by scaling by a factor of less than ten and 
simultaneously increasing the gate time by the same 
factor, as shown in fig. 1. 

Suppose that the internal prescaler divides the 

By Robert S. Stein, WGNBI, 1849 Middleton 
Avenue, Los Altos, California 94022 
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input frequency by four. If the time-base frequency is INPUT 

also divided by four, the gate time is increased by the 7 
same factor and there will be no change in the num- 

DECADE 
ber of signal pulses gated through to the decade COUNTERS 

counters. Thus, prescaling is accomplished with only 
a fourfold increase in gate time and no loss in reso- 
lution. 

Switching from direct to scaled operation may be 
carried out in one of three ways. If a single input con- 
nector is used, the counter mode is generally manu- 
ally switched. If two separate input connectors are 
employed, one for low-frequency signals and the 
other for high-frequency inputs, the counter mode 
may be switched either manually or automatically 
when the input signal is present at the high-frequen- 
cy port. 

Fig. 2 shows the block diagram of a counter which 
employs automatic switching between separate 
direct and prescaled input connectors. The switches 
at the time-base output are actually logic circuits, but 
are shown as conventional switches to simplify the 
diagram. If there is no signal applied to the high-fre- 
quency input, or if the signal amplitude is below a 
pre-established level, the switching logic will connect 
the time-base oscillator directly to the frequency 
dividers. In that state, the counter will function in its 
direct-count mode. 

When a signal of sufficient amplitude is applied to 
the high-frequency input, the threshold detector 
actuates the switching logic to cbnnect the time- 
base output through the divide-by-N circuit before it 
reaches the frequency dividers. The prescaler output 
is fed to an appropriate point in the low-frequency 
signal conditioner. Thus, the counter is switched to 

CLOCK I J L 

TIME B A Y  GdTE TIME 

fig. 1. Block diagram of a frequency counter with an 
internal prescaler. 

using available devices. The count limit is actually 
over 1450 MHz. 

The prescaler input impedance is nominally 50 
ohms. The use of a 3-dB pad between the input and 
the Amperex ATF417 amplifier keeps the input 
VSWR at less than 2.1:l over its entire frequency 
range. The sensitivity of the prescaler is between 10 
and 25 millivolts rms (depending on frequency) 
between 100 and 1000 MHz, rising to 100 millivolts at 
1300 MHz. The decrease in sensitivity is attributable 
to two factors. First, the ATF417 is designed to cover 
the 40- to 860-MHz range, so that its gain drops off 
from 25 dB at 860 MHz to approximately 15 dB at 
1300 MHz. Second, the Motorola MC1697 is guaran- 
teed only to 1000 MHz, although it typically clocks to 
over 1500 MHz. However, as might be expected, the 
threshold level increases above 1000 MHz. 

As is apparent from the schematic, the amplified 
signal from the ATF417 is divided by four in the 

INPUT I 
A 

LOW 
THRZSHOLD DETECTOR FREOUENCI 

INPUT 

SWITCHING LOGIC 

CLOCK 

fig. 2. Block diagram of a fre- 
quency counter which employs 

Dl VIDERS CONTROL 

automatic switching from 
direct to scaled count. The 
switches shown schematically 
are actually logic circuits rather T N  

than mechanical switches. 

DISPLAY 0 

its scaled mode automatically whenever a usable sig- MC1697 and then divided by two in a Fairchild 
nal is connected to the high-frequency input. 11C06. The scaled output is coupled through a small 

A circuit of this type, which I have incorporated in capacitor to a suitable point in the low-frequen- 
my hornebuilt nine-digit counter, is shown in fig. 3. cy signal conditioner. Because I did not want to add 
Since the direct-count limitation of the counter is a negative supply for the ECL integrated circuits in 
about 200 MHz, it was necessav to scale by eight in the prescaler, I chose to power the devices from the 
order to achieve the design objective of 1300 MHz + 5 volt and + 24 volt supplies already in the counter. 
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This necessitated capacitive coupling between the 
MC1697 and the 11C06, since the former requires a 
supply of 6 to 7 volts. Bias at the clock input of the 
11 C06 is optimized by means of the 2.5-kilohm pot. 

Automatic gate-time switching is accomplished by 
dividing the clock frequency by eight when an input 
signal, of sufficient amplitude is applied to the pre- 
scaler input. An LM311 comparator is configured so 
that when there is no prescaler input, the positive dc 
at the comparator's noninverting input exceeds that 
at the inverting input and keeps the output high. This 
inhibits both the 11C06 (via pin 9) and the 7493 (via 
pin 31, and also enables a path from the clock input 
terminal to the clock output terminal through two 
gate sections of a 7402, which has no effect on the 
clock frequency. 

When an input signal is present at the prescaler 
input, a portion of the amplified signal from the out- 
put of the ATF417 is sampled and applied to a 
Hewlett-Packard 5082-2835 hot-carrier diode for rec- 
tification. The resultant negative dc, applied to the 
noninverting input of the comparator, causes the 
comparator output to go low. This enables the 11 C06 
and the 7493, and inhibits the direct path between 
the clock input and clock output terminals. The clock 
frequency is scaled in the divide-by-eight section of 
the 7493 and applied to the counter logic from the 
clock output terminal. 

The MC1697 is prone to false counting below 100 
MHz and when the input signal amplitude is too low. 
To prevent false readings, the comparator voltage 
reference is set by a 1-kilohm pot at the inverting 
input to establish a threshold level below which the 
prescaler is inhibited and above which erroneous 
readings will not occur. 

transfer-oscillator 

- CRT 

INPUT 
HARMONIC VIDEO 

TO 
COUNTER 

CIRCUIT 

fig. 4. Simplified block diagram of a manual transfer oscilla- 
tor. The frequency range of the VFO must be within the 
frequency-measuring range of the counter used in conjunc- 
tion with the transfer oscillator. 

cies in the uhf and microwave regions was by means 
of the manual transfer oscillator. The transfer oscilla- 
tor was completely separate from the counter. It con- 
sisted of a stable VFO (typically 100 to 200 MHz), a 
harmonic mixer, and a zero-beat indicator, usually a 
cathode-ray tube. 

A simplified block diagram of a transfer oscillator is 
shown in fig. 4. The input signal is connected to one 
input of a harmonic mixer, and one output of the VFO 
is routed to the other input of the mixer. A second 
VFO output is connected to the counter, which obvi- 
ously must be capable of measuring the VFO fre- 
quency. The harmonic mixer serves both as a mixer 
and a harmonic generator, mixing the input signal 
with the fundamental VFO frequency and with har- 
monics of the VFO generated within the mixer. The 
VFO is tuned to the lowest frequency to produce an 
output from the mixer that is within the passband of 
the video amplifier. This produces a display on the 
cathode-ray tube, whose horizontal sweep is usually 
derived from the ac line frequency. The VFO is then 
carefully tuned for a zero-beat indication on the CRT, 
and the fundamental VFO frequency is read on the 

down-conversion counter. 

One of the earliest methods of measuring frequen- If the approximate frequency of the input signal is 

330 - 
10k 

CLOCK 

C ' r n  1 
OUTPUT 

fig. 3. Schematic diagram of a 1300-MHz prescaler which incorporates circuits for automatically switching 
the gate time when an input signal is applied. 

36 a september 1979 



fig. 5. Nomograph for determining the harmonic number of 
an unknown frequency between 400 M H z  and 2 GHz when 
measured using a manual transfer oscillator whose VFO 
tunes from 90 to 220 M H z  (courtesy Hewlett-Packard Com- 
psny). 

known, and it is a relatively low multiple of the VFO 
frequency so that there is no ambiguity in determin- 
ing the harmonic number, the input frequency is cal- 
culated by multiplying the counter frequency reading 
by the harmonic number. However, if the unknown 
frequency is much higher than the VFO frequency, it 
becomes necessary to determine the VFO harmonic 
with which the input signal has been mixed. This 
entails an even more time-consuming procedure of 
measuring two adjacent fundamental VFO frequen- 
cies whose harmonics produce a zero beat, and then 
determining the input frequency or harmonic num- 
ber, as follows. 

If fx is the input frequency, fL is the lower of the 
two adjacent VFO frequencies, and fH is the higher 
VFO frequency, then 

The harmonic number may be determined from the 
following equations, where NL is the harmonic num- 

ber of fL, and NH is the harmonic number of fH 

The harmonic number may also be determined 
from the nomographs of figs. 5 and 6 (extracted 
from reference 2 )  for the two preceding equations. 

The modern transfer-oscillator frequency counter 
performs essentially the same procedures, but does 
so automatically. Fig. 7 is a much simplified block 
diagram of such a counter. The automatic transfer 
oscillator consists of two channels, a lock channel 
and an N-computing channel. The input signal is split 
in a power divider and applied to one input of the 
lock harmonic mixer and to one input of the N har- 
monic mixer. A low-frequency, voltage-controlled 
oscillator (VCO 1) is swept from its minimum to maxi- 
mum frequency, typically 100 to 200 MHz, until an 
output is obtained from the lock harmonic mixer 
which will pass through the lock video amplifier. The 

HARMONIC 
NUMBER 

(NI 

fig. 6. Nomograph for determining the harmonic number of 
an unknown frequency between 2 and 5 GHz when meas- 
ured using a manual transfer oscillator whose VFO tunes 
from 170 to 220 M H z  (courtesy Hewlett-Peckerd Company). 
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signal from the video amplifier is applied to one input 
of a phase detector, and a reference signal derived 
from the time base is fed to the other input of the 
phase detector. Since the output of the phase detec- 
tor controls the VCO sweep generator, VCO 1 will be 
phase-locked to the input signal. The output of VCO 
1, wtien so locked, will be 1IN times the input fre- 
quency. 

A second voltage-controlled oscillator (VCO 2) also 
provides a signal, via the N harmonic mixer and the N 

erodyne converter, which may be either a separate 
instrument or a plug-in unit, is shown in fig. 8. It will 
accept any frequency between 1.1 and 10.1 GHz and 
down-convert it to one within the 100-MHz range of 
the counter connected to its output. Down-conver- 
sion is realized by applying the unknown frequency 
to one input of a microwave mixer, with a known fre- 
quency fed to the other input of the mixer. 

The known frequency is derived from the time- 
base oscillator in the counter through frequency mul- 

LUTWATIC TRANSFER OSCILLATOR - - - - - - - - - - - - - - 
- -1 

INPUT - 
(I- 

fig. 7. Simplified block diagram of an automatic transfer-oscillator frequency counter. 

video amplifier, which feeds one input of the N mix- 
er. This signal, when mixed with the reference signal 
derived from the time-base oscillator, results in an 
output from the N mixer which is proportional to the 
harmonic number, N. The N counter then increases 
the gate time by a factor equal to N. (Note the simi- 
larity to the prescaling counter in this respect.) Thus, 
the counter will provide a direct readout of the input 
frequency in terms of N times the frequency of VCO 
1, whose output is fed to the direct-counting circuits 
after being converted to the appropriate logic level by 
the Schmitt trigger. 

heterodyne down-conversion 
The concept of heterodyning a high input frequen- 

cy down to one within the range of a low-frequency 
counter is one that should be completely familiar to 
anyone with a basic knowledge of electronics. Imple- 
menting this concept, however, requires that the 
heterodyne oscillator frequency be known to the 
same degree of accuracy as the counter time base if 
accurate frequency measurements are to result. This 
is accomplished both in manual heterodyne down- 
converters and in automatic heterodyne counters by 
generating the heterodyne frequency from the 
counter time base. 

A simplified block diagram of a typical manual het- 

tiplier and harmonic generator circuits. The output of 
the harmonic generator is a comb of frequencies 
which are multiples of 200 MHz and are fed to the 
harmonic selector. This circuit is a tunable cavity 
whose Q is high enough to select only a single fre- 
quency from the comb input and whose' dial is cali- 
brated in terms of the 200-MHz harmonics between 1 
and 10 GHz. Obviously, it is possible for the input fre- 
quency to heterodyne with either of two adjacent 
200-MHz harmonics to produce a beat frequency of 
less than 100 MHz. However, the lower of the two 
adjacent harmonics will produce a heterodyne fre- 
quency equal to the input frequency minus the har- 
monic frequency, while the higher harmonic will 
result in a heterodyne frequency equal to the har- 
monic frequency minus the input frequency. Since 
the former will result in a counter reading, which, 
when added to the selected harmonic frequency is 
the input frequency, it is the desirable one to use. 
This is accomplished by always tuning the cavity 
from the low-frequency end until the indicator shows 
the first output. The indicator responds to any output 
from the amplifier which is in the counter's frequency 
range, so that the lowest harmonic can be selected 
and harmonic ambiguities eliminated. 

Because the tunable frequency is a harmonic of 
the counter time base, determining the unknown fre- 
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quency is dependent on only the tuning dial calibra- 
INOICATUR 

tion for the selected harmonic; this calibration need 
only be sufficiently accurate to discriminate between TO 100 MHz 

COUNTER 

adjacent harmonics. Therefore, as long as you are 
certain that the lowest harmonic has been selected, 
operation and frequency determination using a man- 
ual heterodvne down-converter is somewhat simpler 
than the &me process involving a manual transfer 
oscillator. 

To iterate a point made previously, the measure- 
ment accuracy of the heterodyne conversion process 
is essentially the same as that of the basic counter 
because the harmonic frequencies are derived from 
or phase-locked to the time-base oscillator. Because 

* of the problem of sweeping and selecting the appro- 
priate harmonic, an automatic heterodyne converter 
became realizable only with the advent of the electri- 
cally tuned YIG ( Yttrium-Iron-Garnet) filter. 

The YIG filter consists of a single-crystal sphere of 
yttrium-iron-garnet in a controllable magnetic envi- 
ronment. The ferromagnetic resonance of such a 
sphere in an rf field can be varied by changing the 
magnetic field, and therefore can be controlled elec- 
trically. An rf signal can pass through the filter when 
the signal frequency is the same as the ferromagnetic 
resonant frequency; all other frequencies will be 
greatly attenuated. Thus the YlG filter is actually the 
heart of an automatic heterodyne counter, a block 
diagram of which appears in fig. 9. 

The counter time base is multiplied and drives a 
harmonic generator, much the same as in the manual 
heterodyne converter. The comb output of the har- 
monic generator feeds the input of the YIG filter, with 
the filter output applied to one input of a microwave 

2 0 0  MHz 
I 

fig. 8. Sirnplified block diagram of a manual heterodyne 
down-converter used with a 100-MHz counter to measure 
frequencies between 1.1 and 10.1 GHz. 

the resonant frequency of the filter is swept from its 
lowest to its highest frequency. The mixer output, 
generated from the lowest harmonic frequency to 
pass through the filter, is amplified, converted to an 
appropriate logic level by the Schmitt trigger, and 
passed through the gate to the decade counters. 

The output of the video amplifier is also applied to 
an in-band signal detector, whose output inhibits the 
filter control sweep and keeps the YIG filter at the 
acquisition frequency. The signal detector also con- 
trols the signal acquisition logic, which further con- 
trols the filter tuning as required for successive meas- 
urements. The signal acquisition logic also controls 
the gate and other logic circuits (not shown on the 
block diagram) in the counter so that a direct reading 
of the input frequency is displayed on the counter 
readout. 

mixer. The unknown input frequency is fed to the 
second input of the mixer. The filter control circuit a look at today's technology 
drives the control magnet coils in the YlG filter so that Although there are a considerable number of uhf 

AUTOMATIC HETEROOYNE CWVERTER 

MIXER 
VIDEO 

IWL IF IER  

I 
I 

FILTER IN-  a N D  
CONTROL SIGNAL 

OETECTOR 

I 
I 
I 

fig. 9. Sirnplified block dia- 
I 

gram of an automatic heter- I 
odyne-converter frequency I 
counter. The heart of the 
svstem is the electricallv- 

L 

GENERATOR 

tunable v1G filter. 
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The N-computing channel is used to determine the 
value of N in the following manner. As can be seen 
from the block diagram, the VCO output is fed to the 
frequency shifter, as is a 1-kHz signal derived from 
the counter time base. The freauencv shifter is a - , ,. single-sideband generator that produces one side- 

9 band which is 1 kHz higher than the phase-locked 
VCO frequency. This frequency-shifted signal is 
routed to the N harmonic mixer and heterodyned 

The Syatron-Donner model W E  employa a FLACTO" (Frb 
quency Locked Automatic Computing Transfer Oscillator) 
to permit measurements, with 1-Hz resolution, of frequen- 
cies as high as 24 GHz lcourtesy Systron-Donner Corpon- 
tionl. 

counters available in today's market, the over-10- 
GHz microwave counter field is dominated by three 
manufacturers: EIP, Hewlett-Packard, and Systron- 
Donner. Since microwave counters employ the latest 
technology, a brief look at some typical instruments 
should be of interest to readers who are not 
employed in the microwave electronics industry. 

The Systron-Donner model 60548 covers a fre- 
quency range of 20 Hz to 24 GHz. It is an automatic 
transfer oscillator type of counter which employs a 
circuit designated by Systron-Donner as an ACTOTM 

with the unknown input frequency. The resultant 
mixer output, which will pass through the N video 
amplifier, has a frequency of N times 1 kHz; this sig- 
nal is applied to the N computer. The N computer 
digitally compares the video amplifier output fre- 
quency with the 1-kHz reference and generates a sig- 
nal which corresponds to the harmonic number, N. 
The signal is further processed and applied to the 
gate-control circuit to increase the gate time by a fac- 
tor equal to N. Thus, the counter will provide a direct 
readout of the input frequency, in terms of N times 
the phase-locked VCO frequency, which is fed to the 
direct-counting circuits after being converted to digi- 
tal levels by the Schmitt trigger. 

The counter also employs a Frequency Locked 
Automatic Transfer Oscillator (FLACTOTM), which is 
a modification of the ACTO technique. The frequen- 

fig. 10. Simplified block diagram of the Systron-Donner ACTOm IAutomatic Computing Transfer Oscillator) down-convener. 
This is en automatic transfer oscillator which requires only one VCO. 

(Automatic Computing Transfer Oscillator). A simpli- cy-lock feature permits the counter to tolerate very 
fied block diagram of the ACT0 circuit is shown in high levels of frequency modulation and makes the 
fig. 10. The similarity to fig. 7 is apparent, with the measurement virtually immune to the rate of modula- 
input signal split and applied to the lock and N chan- tion. Additional details may be found in reference 3. 
nels. However, only a single VCO is used for both fre- The model 60548 has two signal inputs. One is a 
quency and harmonic (N) determination. high-impedance, direct-counting input for 20 Hz to 
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20 MHz; the other is a 50-ohm input for signals 
between 20 MHz and 24 GHz. When the latter is 
used, one of two operational modes may be select- 
ed. In the normal mode, the local oscillator is locked 
to an internal reference, which results in a high reso- 
lution reading in the shortest period of time (1-Hz res- ." 
olution for 1-second sampling). In the wide mode, 
the local oscillator will harmonically track the input 
frequency, which enables it to track swept or fre- 
quency-modulated signals. 

A new technique, known as harmonic heterodyne 
conversion, is used in the Hewlett-Packard model 
5342A microwave frequency counter. This conver- 1 I 
sion scheme is a hvbrid of the heterodvne and trans- 
fer-oscillator down-conversion circuits in that the 
counter acquires the input frequency in the manner Hewlett-Packard's 5342A Microwave Frequency Counter 
of a transfer oscillator, but measures the frequency uses a microprocessor-controlled harmonic heterodyne 

as does a heterodyne converter. 
A block diagram of the harmonic heterodyne 

down-converter appears in fig. 11. In this arrange- 
ment, the conversion oscillator is a programmable 
frequency synthesizer locked to the counter time 
base. The synthesizer output is applied to a sampler, 
as is the input signal. The microprocessor increments 
the synthesizer until one of the inputs from the sam- 
pler is in the counting range of the direct counter. At 
that time, the signal detector generates a signal that 
causes the microprocessor to cease incrementing the 
synthesizer, and the amplified sampler output fre- 
quency is counted; this frequency is the input fre- 
quency divided by a harmonic number, N. 

To determine N, the microprocessor increments 
the synthesizer to cause a small frequency change. 

down-converter. When the counter is equipped with its am- 
plitude-measurement option, both frequency and amplitude 
can be displayed simultaneously. The five left-hand digits 
are used to display frequency with 1-MHz resolution, and 
the four right-hand digits display amplitude with 0.1-dBm 
resolution and a polarity sign (courtesy Hewleft-Packerd 
Company). 

Hz to 18 MHz, with a recently announced option 
which extends its upper limit to 24 GHz. Also avail- 
able as an option is amplitude measurement. This 
feature allows simultaneous measurement of both 
the frequency and amplitude of an incoming sine 
wave. Amplitudes are displayed with a resolution of 
0.1 dBm over a dynamic range of -22 to +20 dBm. 
The amplitude-measuring scheme employs a diode 
detector circuit in conjunction with an internal refer- 
ence oscillator for level comparison. The amplitude 

fig. 11. Simplified block dia- 
gram of the harmonic hetero- I 
dyne converter used in the 
Hewlett-Packerd model 5342A 
MicrowaveFrequencyCounter. 

Since there are now two outputs of known frequen- measurement circuit is calibrated during production 
cies from the sampler, which result from beating the and, for signals over 500 MHz, error correction 
input signal with N times two known frequencies, the values, as a function of frequency, and input level are 
microprocessor is able to perform the simple alge- stored in an amplitude PROM (programmable read- 
braic computation required to determine N. only memory) for use by the microprocessor. This 

The 5342A counter covers a frequency range of 10 technique ensures an accuracy of f 1.5 dBm for 
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ter. The only requirements for the signal source are 
that it have an fm  input and that it can be set manual- 
ly to within 20 MHz of the desired output frequency. 
A block diagram of the source-locking circuits is 
shown in fig. 12. 

Source locking is accomplished by converting the 
input signal to one that is in the 10- 300-MHz range, 
using heterodyne down-conversion. The microproc- 
essor control then calculates the proper division ratio 
to produce a 9-kHz output from the programmable 
divider when the input signal is equal to the desired 
frequency, which has been entered via the keyboard. 

The keyboard controls the source-locking circuitry in the (An auxiliary keyboard display on the counter records 
EIP model 371 Source Locking Microwave Counter. A sepa- the frequency which has been keyboarded in). The 
rate LED display, located just to the left of the keyboard. 
displays the desired frequency entered via the keyboard dc component of the phase detector output, applied 

lcourtesy EIP, Inc. 1. to  the fm  input of the signal source via the bandwidth 
and polarity control circuit, alters the frequency of 

sine-wave input signals within the operational 
dynamic range. 

As can be seen from the photograph of the 
Hewlett-Packard model 5342A. operation of the 
counter is controlled by means of a front-panel 
keyboard. The keyboard provides control of resolu- 
tion, self-check, automatic or manual modes, ampli- 
tudeandlorfrequency measurements(with the ampli- 
tude option installed), frequency and amplitude off- 
set, etc. Such is the power of the microprocessor- 
controlled instrument. A detailed discussion of the 
model 5342A appears in reference 4. 

A unique instrument manufactured by EIP is their 
model 371 source-locking microwave counter. This 
counter is an automatic heterodyning type that 
covers a range of 20 Hz to 18 GHz, and, in addition, 
has the ability of locking any signal source between 
10 MHz and 18 GHz to the same long-term accuracy 
and stability as the time-base oscillator in the coun- 

c-- L 
l s n w  FU I 
1 SOURCE I 
L iF2" A 'I 

PROGRAM- 
MABLE 

IOUll-RW 
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fig. 12. Block diagram of the ~0~rcblockiI'Ig section of the 
EIP model 371 Source Locking Microwave Counter. The f r a  
quancy of an external signal source can be locked to a p r a  
set frequency between 10 MHz and 18 GHz with the same 
long-term stability end accuracy as the time-base oscillator 
in the counter. 

the signal source until it is equal to the desired fre- 
quency. 

The micro~rocessor controls the overall loop 
response by systematically varying the bandwidth 
and polarity parameters until a phase lock is achieved 
at a nominal bandwidth of 2 kHz. If the loop cannot 
be locked at this bandwidth, because of inherently 
low bandwidth in the signal source, the microproces- 
sor repeats the process at a nominal bandwidth of 
500 kHz. The automatic bandwidth and polarity con- 
trol permits the use of the source-locking counter 
with signal generators and sweepers of different 
modulation sensitivities and polarities. 

summary 
This has been a necessarily brief overview of uhf 

and microwave counters. I have intentionally omitted 
a comparison of the several down-conversion sys- 
tems being used today, since such comparisons are 
often a matter of specsmanship. Readers who are 
interested in such comparisons, or who want more 
detailed information on the conversion techniques 
used by the manufacturers dominant in the field, 
should consult references 3 through 7. 
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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 worldwide. 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: 747 -147 CABLE: 
Incrystal TWX: 910-831-31 77 Mail: 
lnternational Crystal Mfg. Co., Inc., 10 
North Lee, Oklahoma City, Oklahoma 
731 02. 

Write for information. 

INTERNATIONAL CRYSTAL MFG. CO.. INC. 
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vertical antenna 
for 40 and 75 meters 

Design and construction 
of a two-band 

vertical antenna 
that fits into 

a modest city lot 

Many Amateurs live on small lots in crowded 
neighborhoods and don't have the space for full-size 
horizontal antennas for the low-frequency bands. For 
example, my lot is small and cut into the side of a hill. 
The house and a swimming pool occupy the only flat 
area. A few years ago, during the sunspot doldrums, 
I became interested in working some low-band DX 
with emphasis on 75 meter SSB. The two-band verti- 
cal antenna described here is the result of my exper- 
iments. 

First I tried a two-band inverted V hung from my 
beam antenna tower. I had little success competing 
on 75 SSB, although the antenna worked fairly well 
on 40 meters. It was also a bother whenever I had to 
lower the tower because of weather. The next anten- 
na considered was a ground-mounted vertical cut to 
one-quarter wavelength on 75 meters. This design 
became very unattractive for a number of reasons. 
Very little free ground area was available for a good 
radial system, and the ground is exceedingly hard 
with low-conductivity soil. The only available site 
locations were either difficult for running coax or 
were in locations where a considerable amount of the 
radiation would be into my house and those of neigh- 
bors. About the only place left to consider was the 
top of the house, which is about 9 x  12 meters 
(30 x 40 feet). 

This led to the design of an inexpensive two-band 
groundplane vertical antenna for 40 and 75 meters 

mounted on the top of the gable roof. The antenna 
was made from a three-section push-up TV mast, 
about 8 meters (25 feet) of RGS/U coax, some gal- 
vanized TV guy wire, a TV-type ceramic pot capaci- 
tor, a short piece of stair railing dowel, a few insula- 
tors, and 61 meters (200 feet) of almost any kind of 
copper wire for two sets of radials. The antenna is 
shown in fig. 1. A simple fixed-tuned L network was 

GOOD INSOLATOR HERE 
A (HIGH R F  VOLTAGE1 

COPPER WELD 

\ 
\ 

APPROXIMATELY 90' APART 

KEEP IN CLEAR 

fig. 1. Two-band vertical antenna for 40 and 75 meters. 

mounted at the base to obtain a good impedance 
match on both bands. Two sets of two radials were 
used, one straight set for 40 meters and a Z configu- 
ration for 75 meters. 

operating principles 
The TV mast (fig. 1) is one-quarter wavelength 

long on 40 meters. From the top a length of RG-8/U 

By Paul A. Scholz, WGPYK, 12731 Jimeno 
Avenue, Granada Hills, California 91344 
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$ LENGTH, METERS f FEET) 

fig. 2. Capacitance of wire in space as a function of wire 
length. To find total capacitance, multiply length by capaci- 
tance per meter (foot). Curve assumes length-to-diameter 
ratio greater than 50. Curve was used to determine capaci- 
tance of the antenna top-hat radials. 

coax is dropped, which is shorted at the bottom end. 
The top outer conductor (shield) is connected to the 
top of the TV mast. The top center conductor is con- 
nected to two slanted radials, which act as guy wires 
and the capacitive-loading element, or "top hat." 

The coax on 40 meters appears as a parallel-reso- 
nant circuit and isolates the mast from the top-hat 
radials. On 75 meters the coax is one-eighth wave- 
length long and acts as a series inductance of Zo, or 

PARALLEL 
RESONANT 

MATCHING h 
NETWORK 

I I 
4 0  +;9 SO +;O 
YfWR -13 VSWR. I 0  

40 METERS 7 5  METERS 

Q Q 
fig. 3. Equivalent circuit of the two-band antenna. The 40- 
meter version is shown in (A), 75-meter version in (6 ) .  

50 ohms. The base section has a characteristic impe- 
dance* of about 350 ohms. Accordingly it appears as 
an inductive reactance on the order of 350 ohms. The 
top radials act as capacitance loading and have an 
effective capacitance of about 100 pF with a reac- 
tance of about 400 ohms (fig. 2). The mast, coax, 
and capacitive top hat form a series-resonant circuit 
on 75 meters, allowing the mast to be an effective 
one-eighth-wavelength radiator with a fairly flat cur- 
rent distribution. Note from fig. 3 that the current 

fig. 4. Radiation resistance of short monopole antennas, 
which was used to derive base resistance of the antenna L 
matching network. 

distribution along the mast on 75 meters is fairly 
uniform. 

Fig. 4 is used to derive the base resistance for the 
design of the L matching network. On 40 meters the 
antenna is one-quarter wavelength long and has an 
input impedance in the order of 40 ohms. On 75 
meters, because of top loading, the base impedance 
is about 18 ohms. If base loading were used, one- 
eighth wavelength on 75 meters would have a base 
impedance of only 7 ohms and would be inefficient. 

'Characteristic impedance is 

inductance -- per unrt l e x t h  
capacztance per unzt length and 

IS approx~mately 60(ln - I ) ,  where h 1s he~ght 

and d IS d~ameter 
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ANTENNA) LINE)  

I 

R 2  > RI ( R 2  IS THE LARGER IMPEDANCE) 

R 2  - - - fl AND f X I  IS COMPLEMENTARY TO X 2 )  (OPPOSITE SIGN1 

EXAMPLE TO MATCH 2 0  OHM ANTENNA TO 5 0  OHM COAX 

AT 3 8 MHz 

fig. 5. L network matching circuit development. 

The L network design is developed in fig. 5. The 
resultant circuit is derived in fig. 3. The measured 
input matching characteristics are shown in fig. 6. 

adjustment 
Adjustment is straightforward. Little interaction 

occurs between 40- and 75-meter adjustments. First 
adjust the 40-meter radials, the two straight 10-meter 
(33-foot) lengths equally until a minimum VSWR is 
obtained at the desired operating frequency. Next, 
for 75-meter operation, adjust the Z-configuration 
radials equally. If this doesn't quite hit the desired 
frequency a slight adjustment of the top-hat radials 
may be necessary. These radials don't affect 40- 
meter operation to any extent. Recheck 40 meter 
operation. The VSWR on 40 meters will not be unity, 
because the base impedance is on the order of 40 
ohms. The matching network may need a slight 
inductance change for the best match on 75 meters. 
This adjustment will have negligible effect on 40 
meters. 

construction 
Details are shown in figs. 1 and 7. The top of the 

mast on 40 meters is at a very high voltage, so a 
good-quality top insulator is needed. I used low-sap 
wood (maple) boiled in wax. The insulator has been 

reliable over the past four years. Plastic materials 
such as acrylic are suitable. See fig. 7 for top insula- 
tor assembly. Each end of the coax cable mounted 
inside the mast should be dipped in wax or otherwise 
sea led. 

The two top radials are made from galvanized or 
copperweld guy wire. Soft copper wire was used 
originally but broke at the top end as a result of wind 
stress. The top radials are at high voltage on 75 
meters but have low current. They are not used on 40 
meters. Accordingly, it's not necessary to use high- 
conductivity wire. The lower end of the radials termi- 
nate in small, corrugated antenna insulators. The 
wire is cut longer than shown, passed through the 
insulator, and twisted back on itself so that easy 
adjustment may be made. The vertical angle of the 
radials isn't critical. An anticorona noise loop is formed 
at the top of the mast either by extending the coax or 
one of the top radials. 

The base-mounting insulator can also be made 
from wood boiled in wax. This point is at low voltage 
and insulation isn't critical. I used a tilt-over, U-chan- 
nel TV base for convenience in mounting. The mast 
should be supported by one set of four insulated 
guys at the top of the base section of the three-sec- 
tion TV push-up mast. Guy rings are usually supplied 
with the mast. 

SAME WITH A N 0  W I T H W T  
MATCHING SECTION 

FREOVENCY, MHz 

TOP WIRES ADJUSTED FOR "1 OPTIMUM, EACH CASE 

\ 

s 
2 

WITH MATCHING 
SECTION - - 

1 0  I I I 
3 7 3 8 3 9 4 0 

FREOUENC Y, MHz 

fig. 6. Measured input matching characteristics for the two- 
band antenna, 40 meters (top) and 75 meters (bottom). 
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fig. 7. Construction d e t a i l s  of the top insulator. 

The L matching network is mounted on the base of 
the mast above the mounting insulator. A heavy, 
flexible, stranded wire is run from the bottom side of 
the L network to  the center of the groundplane radi- 
als. This makes it convenient to tilt the mast without 
disassembly of the network or feed coax. The 1.7-pH 
inductor is ten turns of 1.6-mm (no. 14) bare wire, 38 
mm (1 112 inches) diameter and 35 mm (1 318 
inches) long. Spacing is six turns per 150 mm (six 
turns per inch). 

The groundplane radials form resonant elements 
and should be separated from surrounding surfaces 
except at their center. The vertical angle of the radi- 
als is not critical. The ends are supported and termi- 
nated by insulators similar to the top radials for con- 
venience of adjustment. Bend the radials to suit the 
shape of roof. The bend at the 10-meter (33-foot) 
point can vary slightly. The wire type isn't critical. 
Anything larger than 1 mm (no. 18) either enameled 
or covered will suffice. 

performance 
The antenna has been in use since 1974. Operation 

has been satisfactory. The only mode used on 75 
meters was SSB, with some CW on 40 meters. All 
continents except Europe have been worked several 
times on 75 meters, with good reports. If you live in a 
high noise location, this may not be the antenna for 
you. If you live in a place where lightning is active, 
make sure an adequate ground is provided. This 
antenna makes a dandy lightning rod. 

ham radio 

CRYSTAL FILTERS and DlSCRlMlNATDRS 
9.0 M H z  FILTERS 
XF9.A 2.5 kHz SSB TX $42.65 
XF9.B 2.4 kHz SSB RX/TX 157.90 
XF9.C 9 75 kHz A M  162.25 Expo1 t ... . - . 
XF9.0 5.0 kH; A M  $62.25 

12.0  HZ NBFM 162.25 Inqrriries XF9.E 
XFI-M 0.5  HZ cw (4 pole) $43.55 It~rited 
XF9.NB 0.5 kHz CW (8 pole) 177.15 
9.0 M H z  
XF900 
XF901 
XF902 
XF903 
F.05 
F.06 

CRYSTALS (Hc25/u) 
9000.0 kHz Carrner 
8498.5 kHz USE 
9001.5 kHz LSB 
8999.0 kHz BFO 
Hc25/u  Socket Chassis 
Hc25/u Socket P.C. Board  

Shipping 
$ I  .50 

per fiker 

TRANSVERTERS FOR ATV 
OSCARS 7, 8 & PHASE 3 

Transvcrlerr by M~creuare Modules alid olhcr manulncrurevr can conwrt your 
existing Low Band rlg t o  operate 0s the VHF 8 UHF bands. Models nlro 
avai1ab:c l o r  2M to 70rm and lor ATV operators from Ch2/Ch3 to 70cms. 
Each lranswrler conta8ns both a TI upconrrler and a Rr down.conrcrttr. 
Write for dr:allc 01 the largrrl selection available. 
Pr ices d a r t  a t  $179.95 p lus  $3.50 shipping. 

SPECIFICATIONS: 

O~tput Pomr 10 W 
Rectiwr N.F. 3dB typ. 
Rrceiwr Gain %dB lyp. 
Prime Power 12 V DC 

Attention owners of the oriqinal MM1432-28 model, Updale your trans. 
wrter l o  operate OSCAR 8 6 PHASE 3 by addiug tile 474 to 436 MHz 
range. Mod knt ~ncludlng full lnrtrurtloos 522 50 pit,, 51 50 IIIIPP!~~~ PIC. 

RECEIVE CONVERTERS 

MODELS FOR A L L  BANDS 50 M H z  

THRU 1296 MHz. LOW NOISE OP. 

T lONS A T  432 MHz. 

STANDARD I.F. 10M. I.F. OPTIONS 6 M  & 2 M  AVAILABLE 
POWER 12V O.C. Sh ipp ing  $2.50 
MMc144 N. F. 2.8 db typ. 
MMc432 N. F. 3.0 d b  typ. 
M M c 4 3 2 - S A C  Twin Xtal  
MMc438/ATV Ch2 o r  Ch3 I F  
MMc1296 N .  F. 8.5 d B  typ. 

ANTENNAS (FOB c o ~ c o ~ o ,  VIA u p s )  
144-148 MHz J-SLOTS 
8 OVER 8 HORIZONTAL POL. +12.3 d B d  08 /2M $53.25 
8 BY 8 VERTICAL POL. 08/2M.VERT. $62.50 
8+8 TWIST BXY/2M $55.00 

YULTIBEAMS 

For locml. DX. OSCAR. 
a n d  ATV use. 

4 8  EL. GAIN f15.7 d B d  70/MBM48 $57.70 
88  EL. GAIN +18.5 d B d  70/MBM88 $84.00 

UHF LOOP YAGlS 
2 6  LOOPS GAIN 2 0  dB1 
1250.1340 M H z  1 2 9 t ~ ~  154.35 
1650.1750 M H z  1691.LY $91.5 
Send %( 12 stamps) for full dctaib Of 
your VHF & UHF equipment mu l rcmnl l .  
Pn.Sclcctw F i l t t n  Amplifiers 
Varactor Triplers Cryrtal Fi l tcn 
Decade Pn.Scalcrs Frequency Fi l tcn 
AntcnMs Osc~llator Crystall 

crysul products 

SSB Tranrrcrlcn 
FM Transnrtcrl 
VHF Conwrttrs 
UHF ConHrttrl 

and all 

la 

ipect~m 
International, Inc. 
t Office E 
lass. 017 
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updating the Collins KWM-2 

Important modifications 
are described for 

modernizing the KWM-2 
high-frequency transceiver 

Introduced to the Amateur world in the fall of 
1959, the Collins high-frequency KWM-2 transceiver 
quickly became the classic, with over 40,000 units in 
use worldwide by Amateurs, commercial services, 
and the military of numerous nations. The latest ver- 
sion of this popular rig is the KWM-2A. Time-proven 
by its robust construction and its long life in these 
days when circuit-boarded, solid-state gear quickly 
eliminates obsolete designs, this fine transceiver has 
more than held its own. Over the years revisions have 
been made to the original design. This article covers 
some important modifications to the KWM-2 family 
and describes how you can incorporate them into 
your unit to help bring it up to date. 

the KWM-2 
The Collins KWM-2 high-frequency transceiver is 

widely recognized as a superior piece of Amateur 
gear and is continuing a long and useful life. A 
decade ago a military overview of communications 
equipment in governmental service praised the 
KWM-2 for reliability, ruggedness, and ease of 

+Gus Browning. W4BPD, tells the story of a KWM-2 he took along on a 
DXpedition in the Indian Ocean. It was dropped overboard by a crew mem- 
ber during an attempt to land on an obscure island. Native divers finally 
fished up the KWM-2 and brought it ashore. After flushing with fresh water 

repair. Countless thousands of Amateurs agree with 
this conclusion.* 

While the newest KWM-2s retain the original 
classic appearance, numerous revisions and modifi- 
cations have been incorporated over the years which 
make the modern version easier and better to operate 
than the older sets. Some of the important modifica- 
tions that can be made by the advanced Amateur 
with adequate test equipment are described here. 
For those who don't want to dig into their transceiv- 
er, information is furnished on getting the more 
sophisticated and difficult modifications made by a 
professional. In any event, before undertaking any 
revision or modification to your KWM-2, make sure 
the change has not already been incorporated into 
your equipment. Many hams own second-hand 
units, so it's wise to make sure your manual agrees 
with the particular transceiver you own, at least as 
far as the schematic and voltage charts are con- 
cerned. Be suspicious of an older model KWM-2 that 
has a new manual. The two may not be in exact 
agreement. 

All modifications should be made with a 40-watt 
(or smaller) soldering iron, so as to protect the insula- 
tion on wires next to the soldering iron. A magnifying 
glass is helpful, as are needle-nose pliers. You'll be 
working in an area with a high parts density and you 
don't want to damage some circuits while you modi- 
fy others! 

the "wing" versus 
the "meatball" 

Around mid 1968, Collins changed their old winged 
emblem and adopted a new, round escutcheon 
known as the "meatball." This cosmetic change 
allows you to determine the approximate age of your 

and drying out for a few hours, the rig was hooked up - and it worked1 The 
only casualty was the meter movement, which had opened up. A local arti- 

By William I. Orr, WGSAI, 48 Campbell Lane, 
san repaired the meter winding and Gus was back on'the air. Menlo Park, California 94025 
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KWM-2, as the random serial numbers on the 
KWM-2 after 1968 no longer date the equipment for 
the layman. On the used-equipment market, the 
"meatball" KWM-2 commands a somewhat higher 
price than the older "wing" model. It's best to buy 
the KWM-2 on performance and appearance, how- 
ever, and forget about the emblem. Sometimes you 
can realize a tidy savings by buying a "wing" model 
in good condition rather than the newer "meatball" 
model. 

If you do buy a used KWM-2, check it carefully in 
both transmit and receive modes on all bands before 
you part with your money. Look under the chassis to 
make sure the previous owner hasn't made his own 
unique (and often unworkable) modifications. Many 
good KWM-2s for sale are showing up in the classi- 
fied ads, as bedazzled hams trade in their units for 
the latest solid-state transceiver complete with bells, 
whistles, and a six-month wait for replacement parts. 

Receiver blocking on switch-over? Sometimes 
you'll notice a delay of up to 30 seconds during 
which time the receiver is blocked and no signals are 
heard after switch-over from the transmit mode. This 
problem is caused by screen emission from the 6146 
amplifier tubes (V91, (VlO), which paralyzes the 
receiver agc (automatic gain control) circuit. New 
6146" tubes will sometimes cure this annoying prob- 
lem, but a permanent fix is easily achieved by placing 
a diode in the amplifier screen power lead, which 
blocks negative current (fig. 1). This mod is easily 
and quickly made in the bottom of the amplifier com- 
partment. The diode is substituted for the wire lead 
between the screen feedthrough terminal in the com- 
partment wall and nearby socket tie-point strip 
(TS1). The diode anode is connected to the feed- 
through terminal. Put insulated sleeving on the diode 
leads. This mod has no effect on transmitter per- 
formance. 

Good! Their loss is your gain if you want to own a 
ALC meter instability? Does the zero reading of the 

rugged and reliable transceiver that you can service meter float around during transmit, or does it 
and repair yourself. gradually drift up-scale as the KWM-2 warms up? 

minor bugs you may not have 
observed the first time around 

Transmitter instability? Signs of oscillation? 
Before you tear things apart or attempt reneutraliza- 
tion of the amplifier stage, remove the amplifier-com- 
partment lid and make sure the tube shield of the 
6CL6 driver stage (V8), is firmly in place. A loose 
tube shield can play havoc with transmitter 
operation! 

B A N D  

Q 

A M P L I F I E R  C O M P A R T M E N T  

S C R E E N  

S O C K E T  

T S  I  - - - - - - - - - - - - - 

0 
fig. 1. Diode CR7 placed in amplifier screen circuit protects 
receiver from blocking caused by screen emission of 6146 
tubes. (A) circuit modification, (B) diode placement. 

This annoying fault can usually be cured by replacing 
capacitor C157 (0.01 pF, 200 volts) with a new low- 
leakage mylar or polypropylene unit. You'll find the 
old unit attached to pins 1 and 3 of socket XV17A 
(6BN8). 

Equipment runs hot? Short tube life? The 
6U816U8A and 6AZ8 tubes in the KWM-2 are said to 
have short lives. The grapevine suggests replacing 
the 6U816U8A with a 6EA8 for longer life. This can 
be done in most sockets, with no change in perform- 
ance, except for the 6U816U8A used as the audio 
tone oscillator (Vl) .  Some 6EA8s will not work in this 
circuit, and others will distort the audio tone signal, 
which then bleeds into the receiver audio system dur- 
ing CW operation. Stick with the 6U8/6U8A in this 
socket and look for short-life tube problems 
elsewhere. 

In some KWM-2s the low-voltage dc supply (sup- 
posed to be a nominal 275 volts) runs from 300 to 
over 340 volts when the standard Collins 516-F2 pow- 
er supply is used.t No wonder some of the small 
tubes are cooked! Measure your low-voltage supply. 
It should not run much over 290 volts on receive and 

"Folklore has it that either 61468 tubes won't perform properly in the 
KWM-2, or that 6146Bs are the only tubes to use in the KWM-2. Forget 
both of these fairy tales. The differences between the 6146, 6146A. and 
61468 are minimal lmostly being one-upmanship in advertising policy). All 
do the job equally well. It's not necessary to match 6146-type tubes, either, 
although it's suggested that a 6146A not be used with a 61468. 

tovervoltage is presumed due to various manufacturers having supplied 
the power transformer and filter chokes. Design and windings of these 
components seem to vary, especially in the dc resistance of the transformer 
or choke coils. This could account for the voltage variance. 
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been made (40 mA for general use o r ' s  mA when 
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fig. 2. Voltage-dropping resistor R l1  added to reduce low 
voltage to small tubes in KWM-2. A heat-dissipating resistor 
in a finned housing is recommended. This is bolted to the 
chassis sidewall near the 5R4GY socket. A Dale wpe RH-25 
resistor or equivalent is suggested. 

264 volts on transmit. If the voltage is much higher 
than these values, add a 75-150 ohm, 25-watt wire- 
wound dropping resistor, R11, as shown in fig. 2. 
The small tubes in the KWM-2 will run much cooler if 
you do this. The 5U4GB rectifier in the power supply 
should be replaced with a solid-state plug-in rectifier, 
and the resistance value of R11 should be chosen to 
deliver the correct voltage. Substitution of the recti- 
fier improves regulation and removes 15 watts of fil- 
ament power from the supply transformer. 

You should also replace the 5R4GY high-voltage 
rectifier with a suitable solid-state plug-in device. 
This action will remove an additional 10 watts of fila- 
ment power from the transformer and will increase 
the B-plus voltage by about 40 volts, providing a few 
more watts of power output and a cooler-running 
transformer. This simple substitution also boosts the 
6.3-volt filament supply, which is marginal at best. 
You'll probably have to readjust the amplifier bias 
control, R9, in the supply for the correct resting plate 
current of the amplifier tubes after these mods have 

Old f i l ter caps in the  power supply? It's a good 
idea to replace the high-voltage filter capacitors and 
the bias filter capacitor in the power supply if the 
KWM-2 is an older model. The capacitors become 
leaky with age and the capacitance value drops off at 
the same time. You can put more microfarads in the 
same space occupied by the old units and this im- 
proves the supply's dynamic stability. When you put 
the new capacitors into the circuit be sure to observe 
polarity, for the bias capacitor, which is hooked up 
"backwards," with the positive terminal grounded. 
Capacitors C2, C3, and C4 can be replaced with 
equivalent 80-pF, 450-volt units, and C5A-B can be 
replaced with a dual 30-pF, 250-volt unit. Capacitors 
C6, C7 can be replaced with 40-pF, 250 volt units. 
Unless the shunt capacitor, C1, is defective (a rare 
occurence), don't bother to replace it. 

Dial chatter o r  backlash? Underneath the VOX 
plate atop the main tuning dial assembly is a small 
idler pulley mounted to the front panel to the left of 
the dial mechanism (as viewed from the front). This 
pulley holds the two dial plates in alignment as the 
dial is rotated. Unbolt and lift up the VOX plate; this 
requires removal of one screw at the top left of the 
plate and two screws above the panel escutcheon. 
Now you can see the dial pulley. If it's loose it will rat- 
tle, and the dial will show backlash to a greater or les- 
ser degree. The amount of mesh with the dial 
mechanism is determined by the center screw hold- 
ing the gear. For a quick fix, loosen the screw and 
slide the gear into the dial mechanism a very small 
amount and retighten. Caution! The gear-retaining 
screw is very short. Don't loosen it too much or it will 

fig. 3. Grounding clip on amplifier loading shaft reduces harmonics escaping from amplifier compartment. Tube shield on V1 
(6AZB) decreases tube temperature. Heat sink shield is used. 
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fall out and you'll lose dial alignment. However, if 
you hold the two dial disks together to keep them 
from losing alignment, you can completely remove 
the idler gear and coat the gear shaft with silicone 
grease, which will eliminate dial rattle. Maintain the 
position of the dial plates so that you don't lose 
calibration. 

TVI on 10 meters7 Why do some KWM-2s show 
bad TVI on 10 meters while others don't? And why 
does the TVI often worsen when you bring your hand 
near the final amplifier tuninglloading panel con- 
trols? The answer is that these concentric shafts 
come out of the amplifier compartment and are insu- 
lated from the front panel of the KWM-2 by an 
almost invisible panel bushing. In effect, the shafts 
act like a radiating antenna for amplifier harmonics 
that would otherwise remain bottled up in the ampli- 
fier compartment. A shaft grounding clip* bolted to 
the outside of the amplifier enclosure (as shown in 
fig. 31 grounds the outer shaft and reduces the har- 
monic signal at this escape point to near zero. The 
grounding clip is held in position with (4-40) hard- 
ware. 

If your KWM-2 doesn't incorporate a vhf choke 
(L128) in the power amp1ifier.B-plus lead immediately 
following plate choke L17, a 120-pH choke should be 
added to prevent harmonic currents from passing 
into the power supply (fig. 4). 

Receiver i-f tube V1B run hot? Place your hand on 
V1, the 6AZ8 i-f amplifier tube after the KWM-2 has 
been running for a few hours. Wow! Hot! No wonder 
this tube is said to have a very short operating life. 
And no wonder the S-meter zero-signal reading 
shifts about on the scale. The latest versions of the 
KWM-2 have incorporated a protective resistor (I3751 
in series with pin 3 (cathode) of tube V1 to ground to 
limit plate current. If you don't have this resistor in 
the circuit, a 10-ohm, 112-watt resistor placed in 
series with the ungrounded terminal of the receiver 
GAIN ADJUST potentiometer, R132, mounted on the 
VOx plate, will help reduce the tube temperature. In 
addition a heatsink-style tube shield t is placed 
over V1. 

fig. 4. Vhf choke (L128) in B-plus lead to final amplifier helps 
suppress TVI-causing harmonics. A J.W. Miller 9360-13 
choke rated at 400 mA is suggested. 

fig. 5. Modified VOX relay control circuit. Resistor R202 is 
added to reduce current through the relay coil. I t  may be 
necessary to reduce the value of the resistor in some cases 
to provide proper pull-in current. In some KWM-2s resistor 
R202 is 330 ohms and is located in the cathode circuit be- 
tween pin 7 of socket XV4 and the circuit to J15 and J16. In 
this case, no plate resistor is required. In some units resistor 
R46 is 3.3k. I t  should be replaced with 2.2k for this modifica- 
tion. 

Heat-sink shields are hard to come by, but perhaps 
your friendly electronics store (or the local flea 
market) has some. A retainer mounting shell is also 
required. The shell is mounted to socket XV1 using 
the existing mounting bolts. You'll probably find (as I 
did) that the mounting shell has a negative clearance 
with respect to the socket. The solution is to cut tiny 
slots around the bottom edge of the shell with metal 
snips. Cut to a depth of about 1.5 mm (1116 inch) 
then bend out the tabs you've made with a pair of 
long-nose pliers. The shell will then fit snugly over 
the socket rim. Snap the heat-sink shield over the 
tube, and longer tube life will be your reward. 

Relay problems7 Some KWM-2 owners have found 
to their sorrow that the coil of VOX relay K2 burns out 
after prolonged use. The popular and expensive solu- 
tion is to get a "meatball" KWM-2 with plug-in 
relays. However, a circuit modification somewhere 
along the long production history of the KWM-2 has 
solved this vexing problem, even in some of the older 
models. A 12k, 2-watt safety resistor (R202) is placed 
in series with the plate of the VOX relay amplifier 
tube, V4B, fig. 5. If your KWM-2 doesn't have this 
modification it's a good idea to incorporate it, as it 
might save you a destroyed relay coil. The resistor 
can be mounted between pin 8 of socket XV4 and a 
tie-point epoxied to the chassis near the socket. 

Lack of receiver sensitivity on some bands7 
Even after repeated alignment some KWM-2s show 

'The Collins part number of the grounding clip is 553-2555-002. You may be 
able to obtain a clip from Dennis Brothers, WAOCBK, Route 1, Box 1, 
Potter. Nebraska 69156. 

tsuitable heat-dissipating tube shields are manufactured by, and available 
from, International Electronic Research Corporation, 135 West Magnolia 
Boulevard, Burbank, California 91502. The shield cools tube bulb tempera- 
ture to below that of the bare bulb. A type TR6-60206 shield is used for the 
6AZ8 or 6U816U8A. A TR6-6025B is recommended for use with the 6CL6 
driver tube. 
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The following components are now added: AGC T O  
V I B  AND V 3 B  

4 UNOERLINEO 

COMPONENTS REMOVED 

T O  J 2 0  ETC.  

GAIN  

AGC TO 
V I B  A N 0  V 3 B  

I C 2 6 6  C 9 3  R l 2 6  

T O  J 2 0  ETC 

I ~ C  <-8 
E 3 0  

A-F AT TOP 
G - L  NEAR CHASSIS 

fig. 6. KWM-2 mods to improve agc response. Original cir- 
cuit is shown in (A). Circuit in (B) is the modified setup as 
described in the text. Terminal support E30 is adjacent to 
the audio output transformer T6. Terminal TS8 is equidis- 
tant from E30 and T6. 

poor sensitivity on some bands, or sensitivity seems 
to change when sidebands are switched. This prob- 
lem can be caused by signal overload from low-fre- 
quency sideband oscillator V l lA,  whose signal is 
coupled into the receiver section wiring harness. 

The culprit is rf choke L22 in the crystal-oscillator 
plate circuit. The choke is part of a tuned circuit and 
can radiate energy furiously. Radiation from this 
inductor can get into circuits where it doesn't belong 
and reduce overall receiver sensitivity. The cure is to 
remove choke L22 and replace it with a shielded rf 
choke. A parasitic suppressor (R195, 47 ohms, 112 
watt) should also be placed in series with the grid, 
pin 2, of socket XV11A. 

Receiver agc pumping and overshoot on noise 
pulses? Some of the older model KWM-2s use the 
agc time constant circuit shown in fig. 6A. A newer 
circuit is also shown in this illustration. The compo- 
nents to be changed are on terminal support E30, 
shown in the technical manual. These are R82 (4.7k). 
R83 (3.3 meg), C92 (0.01 pF) and C93 (0.05 pF). In 
addition, R180 (150k) from terminal TS8-1 to E302, 
and C265 (0.001 pF) from TS8-1 to the power-con- 
nector grounding ring are removed. (Note that R180 
and C265 are not incorporated in some early models. 

1. Connect new R83 (1.5 meg) from E30C to E30J. 

2. Connect new C93 (0.47 pF) from E30C to E30J. 

3. Connect new R82 (4.7k) from T-5 terminal 4 to 
TS8-1. Use sleeving on leads and route around 
E30. 

4. Connect new R180 (680k) from TS8-1 to E30C. 

5. Connect new C265 (0.01 pF) from TS8-1 to 
E30C. 

6. Connect new C92 (0.01 pF) from TS8-1 to 
ground ring on power connector J13. Check wir- 
ing against fig. 6B. Mark the modification in your 
manual for reference. 

Agc overload and audio distortion on strong 
SSB signals? It's recommended that this useful 
modification be performed along with the previous 
one in cases where both arrangements are missing 
from the transceiver. This modification adds hang 
agc to the receiver rf amplifier (fig. 7) and greatly 
improves strong-signal reception. Refer to the under- 
chassis layout of fig. 2 for placement of parts: 

1. Remove screw and lockwasher nearest front 
panel used to secure audio transformer T6. 

2. Install a two-terminal, lug-type strip on T6 using 
screw and lockwasher. 

3. Disconnect the white-green-blue wire at TS8-1, 
pull it back through the cabling and reconnect it to 
terminal 1 of the newly installed lug-type strip. Call 
this new strip TS11. 

4. Connect R213 (2.2 meg) from TS11-2 to  
TS11-1. Use sleeve resistor leads as necessary. 

5. Connect diode CR11 (IN4583 from TS11-2 
(cathode) to TS11-1 (anode). Use sleeve diode 
leads as necessary. 

6. Connect C276 (0.05 pF) from TS11-1 to E30B. 

7. Of the two white-green-blue wires connected to 
E40-I, disconnect and tape the end of the one 
showing continuity to TSI 1-1. You'll have to dis- 
connect both wires to make this check, then 
resolder the wanted wire. 

8. Connect an insulated wire from E40-I to  
TS11-2, routing it along the cabling. Check wiring 
against fig. 7. Mark the modification in your 
manual for reference. 

Audio distortion on strong signals? Aside from 
the above modification, another cause exists in some 
KWM-2s for fuzzy audio. Place a 0.01 pF, 600-volt 
capacitor from the screen of audio output tube 
(V16B, pin 8) to ground. Also place a 56-ohm, 1-watt 
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AGC TO 
V l l l  AN0 V 3 I  TO RELAY I4 
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9 0 05°F L ;0 JUNCTION 
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fig. 7. Adding hang agc to your KWM-2, (A). Parts place- 
ment is shown in IB1. (See also fig. 2.) Terminal support €40 
is between socket XV16 and inductor L9. New resistors are 
K wan. 

resistor from the yellow (4-ohm) lead of output trans- 
former T6 to ground. These mods will eliminate a 
weak audio parasitic oscillation sometimes encoun- 
tered in some receivers. 

general modification notes 
Modification of the KWM-2 is not recommended 

for those who have no experience working with small 
components in cramped spaces. Many KWM-2s are 
wired with PVC wiring insulation, which melts quickly 
at the inadvertent touch of a soldering iron. Always 
check transceiver operation before and after each 
modification. After your modification, check for wir- 
ing errors or shorts and make sure that small specks 
of solder and wire are blown out of the chassis before 
power is applied. Also be aware that I've not seen all 
existing KWM-2s and that these mods may not work 
as shown with some transceiver variations. If you 
don't understand your present circuit wiring or if i t  
doesn't match the schematics, don't attempt the 
modification! 

where to get help 
This material has been prepared with the help of 

Dennis Brothers, WABCBK, formerly an engineering 
technician of KWM-2 production at Collins-Rockwell 
Company. For those not wishing to make these (and 
other more sophisticated modifications) themselves, 
I suggest they contact Dennis at Western Nebraska 
Electronics, Route 1, Box 1, Potter, Nebraska 69156. 
A self-addressed, stamped envelope for rapid reply is 
requested. 
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commutating filters 

Discussion of the 
commutating filter - 

the application of 
analog and 

digital techniques 
to implement 

a bandpass filter 

The world is becoming increasingly digital. In fact, 
many engineers and electronic technicians are wor- 
ried about their positions in a technical scenario 
wherein the linear art is shrinking as digital tech- 
niques take over. The real truth, as I see it, is that 
digital is not going to take over at all, but will provide 
additional techniques creating circuit solutions where 
the linear techniques they replace are shaky. In fact, 

/*HZ 
OUTPUT - 

fig. 1. Diagram of a simplified commutating filter. The 
switch makes one revolution each period of the desired 
signal frequency to be filtered. 

in applying these new digital techniques, the linear 
circuit area will be even further expanded. 

The commutating filter is a good example of how 
digital techniques provide a simple solution to an 
analog problem, but which would not work without 
the addition of some circuitry that is strictly analog. 
The commutating filter, as presented in fig. 1, is 
designed for 1 kHz; it is a bandpass filter, and its cen- 

SIGNAL 
IN R OUTPUT 
0 T 0 

fig. 2. Simple RC lowpass filter from which the commu- 
tating fitter is derived. 

ter frequency is dependent only on the frequency 
with which it is driven. The bandwidth is dependent 
only on R and C; in fact, this bandwidth is exactly 
twice the cutoff frequency of the single RC lowpass 
filter of fig. 2. If you look at the voltage on any one 
capacitor of the filter of fig. 1, you'll see a near-dc 
signal which is the difference-frequency between the 
drive frequency and the signal frequency. Like the 
simple RC lowpass of fig. 2, it will drop to - 3  dB 
when the signal frequency drops to %TRC above the 
drive frequency. It is easily seen why the bandwidth 
is double the cutoff frequency of a simple RC low- 
pass filter. Since the output is being commutated 
sequentially through the four capacitors, it is modu- 
lated back up in frequency to that of the input, and 
phase is preserved. 

It might sound as if the perfect filter has been 

Hank Olson, WBGXN, P.O. Box 339, Menlo 
Park, California 94025 
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I hHz BANDPASS FILTER 
0.M) 

+ 7 5 v  

/kHz SIGNAL M C D 4 0 5 2  

INPUT 4-POLE MULTIPLEXER 

LOW PASS FILTER 

I I 7 5 k  
t = l . 5 k H z  

6 2 0  -. 

1 OUTPUT 

b 
- L 5 V  

b 
- 7 5 v  A 

fig. 3. Example of a four-sample-per-cycle commutating filter; circled numbers represent pins of the CD4052Qpole multiplexer. 

achieved with no drawbacks. As usual, there's no be alleviated by preceding the commutating filter 
free lunch, and you'll find that the commutating filter with a simple conventional bandpass filter that atten- 
has some inherent problems. One of these problems uates signal frequencies that correspond to harmon- 
is the phenomenon known as "aliasing." Aliasing is ics of the drive frequency. This "pre-filter" can, of 
the disagreeable habit of filters of this sort to pass course, be much broader than the ultimate system 
not only the same frequency as the drive frequency, bandwidth that our commutating filter provides. 
but also harmonics of the drive frequency. This can Another drawback of the commutating filter is that 

I kHz BANDPASS F l  LTER 
0.10 

IkHz SIGNAL 8-POLE MULTIPLEXER 

INPUT 16Pk 

LOWPASS FILTER 

t =1.5hHz 

7.5k 

0.01 

\I 4 

i L 5 V  + L 5 V  

OUTPUT 

f 

fig. 4. Schematic diagram of an eight-sample-per-cycle commutating filter. In this case, the &kHz input has been replaced by a 
crystal oscillator and a CD4024. 
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8 SAMPLE PER CYCLE F I L T E R  

I6  SAMPLE PERCYCLE F I L T E R  

fig. 5. Examples of the idealized waveforms from the 8 and 
16 samples per cycle filters. These waveforms are before the 
post-filter. 

it has essentially an infinite output impedance (very 
much like any simple RC lowpass filter). Practically, 
however, if the load into which the filter operates is a 
couple of orders of magnitude higher than R, all is 
well. The simple solution is to terminate the filter in a 
high-impedance, noninverting follower. 

The last problem of the commutating filter is that it 
contains harmonics of the drive frequency in its out- 
put. These can generally be removed by a lowpass 
filter, but it is an extra little requirement that must be 
met if you are to take advantage of the performance 
of a commutating filter. 

As disheartening as all the above restrictions may 
seem, modern ICs (both linear and digital) come to 
the rescue to make the commutating filter a fairly 
simple one. In fig. 3 is shown a complete four- 
sample-per-cycle commutating filter using an opera- 
tional amplifier as a pre-filter bandpass, a CD4052 
(CMOS multiplexer/demultiplexer) as the switching 
(and steering) element, an operational amplifier as a 
noninverting follower, and an operational amplifier as 
a lowpass post-filter. Since the CD4052 (half of it) 
has built-in decoding (steering), it requires 2 kHz and 
1 kHz (two-bit) input. These inputs are derived from 
a CD4027 dual flip-flop wired as a ripple counter and 
having a 4-kHz ingut. 

The filter of fig. 3 samples the input signal four 
times per cycle, and thus the "steps," or discontinui- 
ties, in the output (before post-filtering) are relatively 
large. By going to a filter that takes eight samples per 
cycle, you decrease the "step" size and ease the 
post-filter requirements. In fig. 4, a CD4051 and 
eight capacitors replace one half of the CD4052 and 
the four capacitors. This multiplexer is another mem- 
ber of the same CMOS family as the CD4052, but it 
requires three-bit drive: 4 kHz, 2 kHz, and 1 kHz. To 
accomplish this drive requirement, another CD4027 
flip-flop could be used with an &kHz input. Or you 
could use a single CD4024, which is a seven-stage 
ripple counter (divide-by-1281, and use any conven- 
ient three adjacent outputs for the drive. In fig. 4, the 
last three outputs (pins 5, 4, and 3) of the CD4024 are 
used to drive the CD4051, thus requiring a 128-kHz 
input to pin 1. This 128 kHz is provided by a 128-kHz 
crystal oscillator made from two-thirds of a CD4007. 

1 0 0 0  HI S I S V  
C D 4 0 6 7  (I6 POLE M P X R i  

2 7 OUTPUT 

0 0 3 9  3 +  

- 7 5 v  

- L - ? ~ V  - 7 5 v  /$7 /h 
fig. 6. Schematic diagram of a 16-sample-per-cycle commutating filter. 
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I  kHz BANDPASS FILTER 
0 = 1 0  

fig. 7. In this case, two stages of four-sample-per-cycle filters have been cascaded. Only one set of pre- and post-filters are 
necessary, with an impedance follower between the sections to lower the driving impedance to the second section. 

Fig. 5 shows the unfiltered outputs of the eight- shown in fig. 6, using a CD4067 and sixteen 
sample and the sixteen-sample filters. Note how the capacitors. 
eight-sample filter has more (and smaller) "steps" in It is even possible to cascade commutating filters, 
its output, and is thus easier to post-filter. I t  is even and the pre-filter and post-filter need not be replicat- 
fairly simple to expand the filters of figs. 3 and 4 to ed. A follower between sections is all that is required 
sixteen samples per cycle, which really cuts down for lowering the driving impedance to the second 
the quantization ripple in the output. Such a circuit is section. An example of a two-section, four-sample- 

INPUT 1458N 

l M  - 7 5 V  

look 
LUV"2 ,  

I 2 4 5 I 2  I 3  14 15 

8 EACH -- 
0 I MYLAR 

6 - - A 
VARO 
VE67 

t 7 5 v  

,Sfi5 6;!:, 

C D 4 0 6 0  

IOM 

81 9 5  
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T P  - 7 5 V  
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h ADJUST 

fig. 8. Example of a practical commutating filter. This filter has been set up for an operating frequency of 640 Hz. 

septernber 1979 57 



W L  KILOWATT 
LINEAR AMPLIFIER 

TPL proudly presents the first true power 114KW 
SSBIAM. FM or CW solid state 

2 meter linear amplifier 
A nmote o~ntml  plug allows 
ou to opar.te wnh the ampli- 

l i e  ON or OFF, or In 
SSBIAM. FY w CW 

lrom Ihc dashboard. 

of the art engimn(ng Including mkro  
snip circuitry and modular construction. The thne (Irul tnnsistors 
combine 10 produce 250W when drvven by 15W or more at 13.8VDC. 

POWER INPUT. HARMONIC AlTENNATION: 
b2OW Carrier FM or CW All Harmonics Anenurtcd 
20W PEP maximum SSB or AM 60 dB or Greater 

POWER OUTPUT: CURRENT DRAIN: 
2W.250W carrier FM or CW FM-40 Ampa @ 2MW 
3WW PEP SSB or AM SSB-30 Amps @ 300W PEP 

FREOUENCYRANGE: DUTY CYCLE: 
144 lo 148 MHl' FY50K@150W 33%@250W 
will operate with sllphl SSBWXQ150W SOKQZMW 

degradation a1 142 I50 MHz. 
Model 2002 $499.00 

u n  be ordered lor rspater swlicalion 
(a 8ddhional intonnulion c o n M  

COMMUNICATIONS INC. 
1324 W. 135TH S T .  GARDENA. CA 90247 (213) 538-9814 

Cuudr Lanbrm* Indu8lder. Lld.. 1145 Ballsmy Rd.. Surborouph.OnlanoMlH In5 
Export: EMECIne.. 23U)Saulh30InAranw. Hallandale. Flond.JJOOO 

Palomar Engineers 

NEW ALL BAND PREAMPLIFIER 
Continuously Tuneable 
Covers All Amateur Bands from 160-6 m. 
Provides 20 db of gain 
Dual Gate FET for low noise figure 
An RF sensing circuit allows use with 

transceivers 
Built-in 117 volt AC Power Supply 
Connecting Coaxial cable for transceiver 

included 

$89.50 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON. TEXAS 77002 
7131658-0268 

MASTERCHARGE VISA 

WSGJ, W5MBB. K5AAO. NSJJ. AGSK. W5VVM. WSEGP. 
WASTGU. WBSAYF. K5BGB. 

per-cycle filter is shown in fig. 7. The advantage of 
cascading is the sharpness of rolloff outside the pass- 
band. The rate of rolloff of the equivalent RC low- 
pass is then 12 dB/octave instead of 6 dBfoctave. 

Finally, a construction project using a commutat- 
ing filter in a useful piece of ham equipment is pre- 
sented in fig. 8. The design process was as follows: 

1. The operator tuned in a CW signal off-the-air 
and adjusted the BFO until the tone was of an agree- 
able pitch. This pitch was measured using an oscillo- 
scope to find out what frequency the operator likes 
to copy. This subjective determination of the opera- 
tor pitch preference may seem like wasted motion, 
but many people have "holes" in their hearing 
response (especially older CW operators). 

2. Once the desired pitch frequency is determined, 
multiply it by 128 and get the oscillator frequency to 
the CD4060. As an example, say that the operator 
preference turned out to be 640 Hz; then, the input 
frequency would be 81.92 kHz. If one has a crystal of 
about that frequency, it can be used directly in fig. 8. 
Otherwise, higher frequency crystals could be used, 
with taps at positions further down the divide-by-two 
chain. For instance, a 328-kHz crystal could be used, 
the outputs taken from pins 6, 14, and 13 (still yield- 
ing 2560, 1280, and 640 Hz respectively). 

3. The pre-filter center frequency is then adjusted 
to the chosen operating frequency, in this case 640 
Hz. The C values scale with frequency so that C is 
0.01 pF for 1 kHz and 0.015 pF for 640 Hz. 

4. The post-filter cutoff frequency is adjusted to be 
1.5 times the bandpass filter center frequency. 
Again, the capacitor values scale with frequency. 
Capacitor values of 0.01 and 0.033 pF give a 1 .ti-kHz 
cutoff frequency, and 0.015 pF and 0.05 pF give a 
960-Hz cutoff frequency. 

In fig. 8, an input noninverting follower has been 
added so that the unit may be driven from almost any 
impedance. An LM1458 dual op amp is used for both 
theinput follower and the pre-filter. Addition of a var- 
iable resistance in place of R allows the passband to 
be varied from 3.0 Hz to 30.0 Hz, continuously. 
Another LM1458 dual op amp is used in the output 
section as the noninverting follower and lowpass fil- 
ter. By using two dual op amps, and using the 
CD4060 (which combines the crystal oscillator and 
divider in one IC package) I've reduced the circuit 
down to four ICs, plus the one IC used as the power 
supply regulator. The 81.92-kHz crystal was actually 
an 81.95-kHz unit that is quite common on the sur- 
plus market, 81.95 kHz being a standard time base 
frequency for a variety of distance-measuring 
devices. 

ham radio 
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accu-keyer speed readout 
Another addition 

to the feature-packed 
WB4VVF Accu-Keyer - 

a readout system 
for code speed 

There are thousands of Accu-Keyersl already in 
use, and the appearance of articlesz-8 to add mes- 
sage memories to the basic keyer has undoubtedly 
resulted in another flurry of Accu-Keyer construc- 
tion. It is an excellent and highly versatile keyer, and 
deserves the fine reputation that it has. It might seem 
that there is little else that one could want from this, 
or any other, keyer. 

There is one useful addition, however. Most of us 
vaguely know our sending speed. It is true that a 
speed scale could be put on the front panel behind 
the control, but the speed vs rotation dependence of 
most controls is highly nonlinear, especially at the 
high-speed end of the range where the scale 
becomes compressed. Any semblance of accuracy is 
lost in the compressed scale. 

A desirable feature, which I have incorporated into 
the Accu-Keyer system, is a direct words-per-minute 
speed readout. This is useful for many purposes, and 
at the least is an interesting conversation piece in the 
hamshack. 

The readout and keyer clock, which I will describe, 
may be easily used in any Accu-Keyer design, and 
possibly in other types of keyers as well. The main 
precaution to be observed with the Accu-Keyer fami- 
ly is to be sure the 5-volt power supply in your keyer 

is capable of handling the extra current drain, about 
370 mA. 

I do not consider it feasible to use my readout with 
a battery-operated keyer,g,lo but it should be possi- 
ble to make relatively simple modifications to the cir- 
cuit and use CMOS integrated circuits. It would be 
necessary to choose some other type of display, and 
I would recommend a liquid-crystal type. 

principles of operation 
A continuous speed readout in wpm requires a 

free-running clock. The Accu-Keyer clock, however, 
is not free running. It starts when either side of the 
paddle is closed, and is stopped by an inhibit signal 
from the logic when all characters have been com- 
pleted. This method has a considerable advantage 
over a free-running clock, since the operator initiates 
a character at the time he chooses rather than at the 
time the clock is finally ready. 

This dilemma is easily overcome, and the unit I 
have developed gives an accurate, continuous read- 
out of the speed without sacrificing the advantages 
of the operator-started clock. A fringe benefit of the 

I unit is that it does not have the problem, common to 
some keyer clocks, of a first clock pulse different in 
duration from the rest of the pulses in the sequence. 
Because of these features, it may be worthwhile to 
use the clock portion of this unit, even without the 
readout. 

The speed is variable from five to around fifty 
wpm, an adequate range for almost anyone from 
Novice to Extra. The speed display is updated 
approximately six times each second, whether or not 
any sending is being done. I incorporated it into the 
WASLUD memory version2 of the Accu-Keyer, but 
of course it can be used with any similar keyer 

- 

By Bill Wageman, K5MAT, 35 San Juan, Los 
Alamos, New Mexico 87544 
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design. Different speeds may be selected as you 
build. 

Recent editions of the ARRL Radio Amateur's 
Handbook give the relationship between code speed 
and keyer clock frequency as: 

speed (wpm) = 1.2 x f (clock frequency) 

Twenty pulses per second of the clock result in a key- 
ing speed of 24 wpm. A scheme for reading out this 
relationship has been described previously,ll but that 
system has several disadvantages which are over- 
come by my circuit. 

Suppose you have a high-frequency pulse gener- 
ator running at 2420 pulses per second. Three 
decade counters hooked in series would count to 242 

if they are allowed to count for exactly 0.1 second. If 
the least-significant digit (2 in this example) is 
ignored, it is then possible to display 24 in the read- 
out connected to the digital counters. The reason for 
this approach will be discussed more fully later. 

The high-frequency pulse generator can also be 
divided down by a decade and a duodecimal (divide 
by twelve) divider, a total division of 120, to give 
twenty pulses per second for the keyer clock. If you 
gate the divide-by-120 divider on and off with the 
original inhibit line in the Accu-Keyer, the resulting 
keyer clock line acts much like the operator-started 
clock, which is the key to the success of the Accu- 
Keyer design. This scheme allows us to have a free- 
running clock that can be accessed at the operator's 

HP5082-7300 HP5082-7300 
DISPLAY DISPLAY 

1 1 0 ENABLE 

+SV + 5 v  + 5 v  

P - 
4 10 14 

101 
IM 4 10 14 lo' 
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5 5 6  5 5 6  

TIMER TIMER y b  
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fig. 1. Schematic diagram for the Accu-Keyer speed readout. This circuit incorporates a free-running clock which can be 
accessed at will by the operator. The frequency of the clock is high enough that the delay between accessing and the first clock 
pulse is negligible. U9 and U10 are HP 5082-7300 displays that have the latches and display drivers incorporated within the dis- 
play. C1 and C2 should be of the type indicated to ensure adequate stability. 
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fig. 2. Blowup of the portion of the keyer board which is 
changed to incorporate the speed readout. CR1 and the 
original speed control wires must be removed. The foil is 
cut and new wires attached at the indicated spots. 

convenience. I have never been able to detect any 
delay because of the free-running pulse generator, 
even at the slowest keying speed. 

circuit description 
The logic diagram for the clock/readout is given in 

fig. 1. U1 and U2 are 556 dual timers. One half of U1 
generates the high-frequency pulses, available from 
pin 5, that form the basis of the clocklreadout. The 
other half of U1 is the time base for the display 
counter, with the output on pin 9. 

R1 is the speed control and is mounted on the 
front panel of the keyer. C1 must be a reasonably 
stable capacitor, not one of the ceramic bypass 
types. C1 and R2 determine the maximum keying 
speed, and the value of R l  determines the range. 
The value of R2 will probably be between 6,000 and 
22,000 ohms for a 50 wpm maximum, and may be 
selected for this purpose. If C1 is changed for any 
reason at some later time, it may be necessary to 
change R2 to bring the maximum speed back to the 
one desired. 

R3 is mounted on the printed circuit board and is 
used to adjust the 100-ms time base for the display 
counter. If it is not possible to adjust the "on" time at 
pin 9 of U1 to 100 ms, it may be necessary to change 
the value of R4 to bring the pot within the proper 
range. C2 is the most critical component in this entire 
circuit. 

U2 is simply a sequential timer. The trailing edge of 
the 100-ms counter gate triggers a pulse of short 
duration at pin 5 of U2. This pulse, after inversion by 
U5C, strobes the count in the decade counters into 
the display. It also triggers another short pulse, at pin 
9 of U2, which is used to reset the counters to  zero, 
preparing them for the next update. 

U3, a 7490 decade counter, and U4, a 7492 duo- 
decimal counter, form the divide-by-120 divider that 
generates the clock pulses for the keyer logic. This 
divider is gated on and off by the inhibit line from the 

keyer, with the inhibit signal resetting the divider to 
zero and holding it there when all keyer action is 
complete. Inverter U5B ensures that the clock pulses 
have the right polarity for the Accu-Keyer, and might 
not be necessary in other keyer designs. This cornbi- 
nation forms a keyer clock which is always within 
11120th of a dit of starting, a negligible delay at any 
speed. 

U5A controls the display counting. The pulse gen- 
erator pulses are fed to the counter only when pin 9 
of U1 is high. When it is high for precisely 100 ms, 
exactly one tenth of the pulse generator frequency is 
counted. U6, another 7490 counter, is for the least 
significant digit and, by including it without display, 
the jitter inherent in this digit is eliminated. This 
results in a stable display considerably superior to 
using only two decade counters with a 10-ms time 
base. U7 and U8, both 7490 counters, are the actual 
display counters, with U8 serving as the most-signifi- 
cant-digit counter. 

The displays themselves, U9 and U10, are easy to 
use, with an attractive, bright display, although they 
are a bit expensive. Other displays may be substitut- 
ed, but it might be necessary to incorporate data- 
storing latches, which are built into the 5082-7300 
displays. A nonblinking display is a necessity, so be 
sure to add latches if they are not in the displays you 
choose. 

Connection to  the Accu-Keyer is really quite sim- 
ple. CR1 in the original Accu-Keyer clock must be 

fig. 3. Full-size printed-circuit 
layout for the Accu-Keyer 
speed readout. Parts layout is 
shown in fig. 4. 
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removed from the circuit. A wire is connected to the 
vacated hole at the anode end for connection to the 
inhibit line in the new clock. The foil should be cut as 
indicated in fig. 2 and the old speed control wires 
should be removed. The clock line may then be con- 
mected to the vacant hole near the cut in the foil. 
Connect V,, and ground both the readout and the 
clock board, and you're in business. You may wish to 
remove the old clock components from the Accu- 
Keyer board, but that is not really necessary. 

I have not included a power supply, since most will 
be able to use the supply in the Accu-Keyer. It might 
be necessary to increase the size of the input capaci- 
tor ahead of the regulator to keep the voltage high 
enough to maintain regulation. If your supply is 
incapable of providing the necessary current, any 
standard 5-volt power supply design will be satisfac- 
tory. 

Full-size board layouts and the component place- 
ment diagram are shown in figs. 3 and 4. They are 
single-sided boards, and should be easy to duplicate 
by those who wish to roll their own. There is no 
reason why point-to-point wiring cannot be used, 
since the layout is not critical. 

accuracy and calibration 
The key to the accuracy of this unit is how careful- 

ly the 100-ms time base for the display counter is cali- 
brated, and how stable it is. It would have been pos- 
sible, of course, to use a crystal-controlled clock to 

fig. 4. Component placement 
for the Accu-Keyer speed 
readout. 

control this counter, but that seemed quite unneces- 
sary. One half of a 556 timer, with a high-quality, 
stable capacitor, results in quite adequate perform- 
ance for this purpose. It saves considerably on circuit 
complication and expense. 

There are three methods of calibration, and they 
will be described in order of increasing accuracy. 

1. Set the keyer to  match as closely as possible 
WlAW's 18-wpm bulletin broadcasts (or better yet 
their 35-wpm code practice), and adjust R3 until the 
readout indicates 18 (351. 

2. Use a calibrated scope to set the "on" time (out- 
put high), as seen at pin 9 of U1, while adjusting R3. 

3. Connect a counter with a 1-second time base to 
U1, pin 5, to measure the pulse generator frequency, 
and adjust the keyer speed control until the counter 
reads about 4000. Adjust R3 until the display reads 
40. This is the method I prefer, and should be used if 
a counter is available. 

My  own keyer has been in use for almost three 
years and seems to be accurate within one wpm at all 
speeds throughout its range at all temperatures 
encountered so far in my shack. Accuracy is not a 
problem if a sufficiently stable capacitor is used 
for C2. 

I'II be happy to  answer any correspondence 
regarding this readout or any modifications people 
may wish to make. I'II try to furnish circuit board 
availability information, provided that a self- 
addressed, stamped envelope is supplied. 

It has been a pleasure to use this keyer with its 
readout. Now, when someone says QRQ by 5 wpm, I 
can do it quite accurately, depending on my skill of 
sending, of course! 
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Digital Frequency Control* ... a Kenwood innovation for maximum 
HF operating enjoyment! 

Kenwood's ISlsOS ~4th DFC Is  an all solid- 
state HF hanceiver designed for the DXer. 
the contest operator. and al l  other Amateurs 
who enjoy the 160 through IO-meter bands. 
The follourlng features prove. beyond doubt, 
that  the TSlsOS is theclassiest r ig available1 

. Digital Frequency Control (DFC), including 
four memorles and manual scanning. Memo. 
ries are usable i n  transmit and/or receive 
modes. Memory-shift paddle switches allow 
any of the memory frequencies to be tuned in 
20-Hz steps up or down, slow or fast. with 
recall of the original stored frequency. It's al. 
most like having four remote VFOs! . All solid-state.. . including the final. Nodipping 
or loading. Just dial up the frequency, peak 
the dr~ve, and operate! . High power ... 200 W PEP/160 W DC input on 
160.15 meters. and 160 W PEP1140 W DC on 
10 meters (entire band orovidedl. Also covers 

. Ruilt-ln m~croproce,\ur-controlled large d~g~tal  
d~splay. Shows actual VFO frequency and d ~ f  
ferrnce between VFO and "MI" memory 
frequency. Blinking decimal polnts indicate 
"out of band." Monoscale dial. loo. 
IF shift ... Kenwood's famous passband tuning 
that reduces QRM. . Selectable wide and narrow CW bandwidth 
on receive ( 5 0 0 . H ~  CW filter is optional). . Automatic selection of upper and lower side. 
band (SSB NORM/SSB REV switch). 
Tunable nolse blanker (adjustable noise- 
sampling frequency). 
RF AGC ("RGC"), which activates automati- 
cally to prevent overload from strong, local 
signals. 
AGC (selectable fast/slow/off). 
Dual RIT (VFO and memory,'fix). 
Three operating modes ... SSB. CW. and FSK. 
Improved RF speech processor 
Dual SSB filter lootionall. with verv steeo 

Full line of matching accessories. including 
PS-30 basestat~on power supply. SP-180 ex- 
ternal speaker with selectable audio ftlters. 
VF0.180 remote VFO. AT.180 antenna tuner1 
SWR and power meter. DF-180 digital frequency 
control. YK8R CW ftlter. and Y K B R  SSB filter 

All  of these advanced features can be yours ... 
and at an attractive price! Visit your local Autho. 
rired Kenwood Dealer and inquire about the ex. 
citing TS.180S with DFC! 

more than 50 kHz abovb and below each band shape factor to reduce out of passband nouse St111 ava~lable ... 
(MARS WARC etc l and recelves WWV on on recelve and to lmorove ooeratlon of RF Kenwood'e TS -820s  HF transcelvar. 

i 0  MHz. speech processor on transmit . Improved dynamic range. 13.8 VDC operation. 
Adaptable to all three proposed (WARC) bands. . Also available is the TS.180S without . Single-conversion system with highly advanced DFC, which still shows VFO frequency 
PLL circuit. using only one crystal with im- and difference between VFO and "ho ld  
proved stability and spurious characteristics. frequencies on the digital display. 



Kenwood offers vou a choice. 
The TR-7600 10-watt) or TR-7625 (25-watt) with 

optional Id-76 Microprocessor Control Unit. 
TR-7600 and TR-7625.. .one of them 
is  sure t o  fit the needs of today's 
Amateur Operator who's looking for 
optimum versatility in a 2-meter FM 
transceiver. And, when either rig is  
combined with the RM-76. a whole new 
dimension unfolds in channel memory 
and scanning capability. Here's what 
you get: 
TR-7600 AND TR-7625 1ONLYI 

Memory channel .. . with simplex or 
repeater (+600 kHz transmitter offset) 
operation. 
Mode switch for operating simplex or for 
switching the transmit frequency up or 
down . . .  or for switching the transmitter to 
the frequency you have stored in the 
TR-7600 or TR-7625's memory (while the 
receiver remains on the frequency you've 
selected). 
Dual concentric knobs for fast. easy 

Digital frequency d~splay (large, bright. 
orange LEDs). . Full 4-MHz coverage (144.000.147.995) 
on 2-meters; 8 0 0  channels: 5-kHz offset 
switch. and MHz selector switch .. .for 
desired band (144. 145. 146. or 147 MHz). 
UNLOCK indicator ... an LED that 
indicates transceiver protection when the 
frequency selector switches are improperly 
positioned or the PLL is not locked. 
Adaptable to one of any MARS simplex 
or repeater channel between 143.5 and 
148.5 MHz. 

Clear scan (for transmitting). 
Stop scan (with HOLD button). 
Scan for busy or open channel. 
Select repeater mode (simplex. transmit 
frequency offset (+600 kHz or _+I MHz). 
o r  one memory transmit frequency). 
Operates on 143.95 MHz simplex 
(MARS) 
Display indicates frequency (even while 
scanning) and functions (such a s  auto- 
scan. lower scan frequency limit, upper 
scan limit, and error, i.e. transmitting 
out of band). 

TR-7600 AND TR-7625 WITH RM-76 
Store frequencies in six memories S e e  the exciting TR-7600. TR-7625 

and  RM-76 now at  any Authorized (simplex/repeater). 
Scan all memory channels. KENWOOD Dealer! 

Automat~cally scan up the band 
In 5 kHz steps 
Manually scan up or down ~n KENWQQO . I M I I ,  , < I t ,  1  111 (1111,ltt 111 1  C I C I I ~ ,  
5 kHz steps (or fast tune) 

selection of any 2-meter frequency, in Set lower and upper scan TRIO-KENWOOD COMMUNICATIONS INC. 
100-kHz and 10-kHz steps. frequency limits. 1 1  1 1  WEST WALNUT/COMPTON. CA 90220 



the weekender 

Duplex Audio-Frequency Generator 
With AFSK Features E X r  A s2 # I  

Need a stable audio-frequency generator for 
testing, trouble shooting, and experimenting? Here's 
an instrument that fulfills these requirements and 
also provides some extra features for AFSK work. It's 
a weekend fun project that will reward your efforts 
with a truly versatile piece of test equipment. 111-2206 

7 " I  

The duplex audio-frequency generator covers the 
r r  so. - wrF"r_ - 

audio-frequency spectrum from 20 Hz-20 kHz, fur- 
nishes sine- and square-wave output simultaneously, 
and is battery operated for portability and interface 
safety. The generator has two frequency controls 
that are switch selectable from the front panel, or 
they can be selected through TTL level applied to the 
generator. In this manner an AFSK signal, relative to 01 battery, 12.6 v, Mallory 304116 Smoke Detector 
the TTL input, is generated. This electronic switching Battery 

feature should be useful for the experimenter. The C1, C4. C6 1 pf 35vdc' 
C2 generator is constructed on a single PC board and 
C3 

.l pf 35 vdc' 

.01 pf 35 vdcc' 
can be easily completed in a weekend. An etched C5 2.2 pf 35 vdc* 
and drilled board is available for the project (fig. 11, c 7  10 pf 16 V ~ C -  

J1, J2. J3 jacks or binding posts of your choice 
The duplex audio generator is bui l t  into a Mod-U-Box avail- R1, R2 10K %w' 
able f rom Quement Electronics (see text). Controls are f l  R3, R10 4.7K %w4 
(upper left), 12 (upper right), and output level (center). R4 220 %we 

R5. R7 10k trimmer. Radio Shack 271-218' 
R6. R8 lOOk pot, audio taper, Radio Shack 271-1722 
R9 50k pot. linear taper. Radio Shack 271-1716 
R11. R12 lGUk %w' 
S1. S2 switch, single-pole, three-position 

switch, mounts on R9. Radio Shack 271-1740 
U 1 XR2206, James Electronics XR2206' 

Case Mod-U-Box 3-7-6, Quement Electronics 
PC Board J. Oswald 1006Je 

PC board and board-mounted components kit available from J. Oswald. 
part 1006K lincludes parts marked'l 
J. Oswald. 1436 Gerhartd Avenue. San Jose, California 95125. 

1 W  $4.75 PPD. 1006K $17.75 PPD. 

James Electronics. 1021 Howard Street. San Carlos. California 94070. 

California residents add sales tax. 

fig. 1. Schematic o f  the duplex audio-frequency generator. 
By Ken Powell, WBGAFT, 6949 Lenwood Design is bui l t  around the James Electronics XR-2206 func- 
Way, Sari Jose, California 95120 tion-generator IC and includes an AFSK signal. 
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and, because component count is small, cost of the 
project is minimal. 

description 
The generator is built around the XR-2206 mono- 

lithic function generator IC. This little IC can perform 
many functions, and in this particular application 
we're using only a couple of its many features. As 
seen from the schematic, fig. 1, the XR-2206 and a 
handful of passive components form the entire 
generator. 

The audio-frequency spectrum is covered in three 
ranges; 20-200 Hz, 200-2000 Hz, and 2 kHz-20 kHz, 

' as selected by the range switch, S1. The range 
switch is labeled XI, X10, and X100, allowing the use 
of a single scale on the frequency dials. The specific 
frequencies desired within these three ranges are 
selected by the frequency controls, F1, (R61, and F2 
(R8). Switch S2 selects the generator output fre- 
quency as F1, F2, or EXT. In the F1 position R6 de- 
termines the output frequency, while the F2 position 
allows R8 to control the output frequency. With 
switch S2 in the EXT position, the output frequency 
is selected by the signal applied to  the external input 
jacks. Frequency F1 is selected by a high level or 

fig. 2. Full-size layout of the PC board (foil side). 

Construction of the duplex audio generator showing the 
two switches and three variable controls on the removable 
front panel (right). and the printed-circuit board in the base 
(left). Power is provided by a 12.6-volt battery designed for 
smoke detectors. 

open contact, and F2 is selected by a low level, or 
closed contact. In this manner an AFSK signal of ad- 
justable frequency, shift, and amplitude is generated. 

The sine-wave output of the generator is variable 
to a maximum of 3 volts peak-to-peak through the 
output level control, R9. The square-wave output is 
fixed at a TTL level; and because both outputs are 
available simultaneously, the square-wave output 
provides a very handy sync point for scope trig- 
gering. 

The generator is powered by a 12.6-volt battery. 
Current consumption is low, so extended battery life 
can be expected. The basic circuit is' not overly criti- 
cal to voltage changes, and the first indication of 
battery failure will be flat topping of the sine-wave 
output at high-amplitude levels. Trimmer resistors, 
R5 and R7, are used to calibrate the frequency con- 
trols, and capacitors C1, C2, and C3 determine the 
range-multiplier accuracy. Generator output impe- 
dance is a nominal 600 ohms and provides a good 
match to most standard audio equipment. 

construction 
Virtually any type of construction practice could be 

used for the audio generator, because the circuit isn't 
critical the way rf circuits are. PC board construction 
was chosen for ease of assembly and predictable 
results. A full-size layout of the foil side of the PC 
board is shown in fig. 2. The component layout as 
viewed from the top, or component, side of the 
board is illustrated in fig. 3. 

A practical approach to construction is to mount 
and solder all board-mounted components and then 
add the interconnecting wires to the front edge of 
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the board. Leave these wires about 30 cm (12 inches) 
long for connection to the front panel after doing the 
sheet metal work. Drill and deburr all holes for the 
front panel controls and jacks, as well as the PC- 
board, mounting holes in the case. Next, mount all 
front-panel components and the PC board, using 
small standoff spacers to  elevate the PC board above 
the case. 

Place the front panel next to the case and wire the 
interconnecting leads from the PC board to the panel 
controls, jacks, and switches. As the case goes to- 
gether, the interconnecting wires should fold over 
neatly. After you're sure that the wiring doesn't 
interfere with the case assembly, the wires can be 
spot-tied to form neat groups and retain their posi- 
tions. Assemble the case again to insure that every- 
thing fits well. 

test and calibration 
A very simple test of the generator can be made 

with the aid of a pair of headphones. Set trimmers 
R5 and R7 to midpoint, connect the phones to  the 
sine-wave output, set S2 to the F1 position, range 
switch to XI, the frequency controls fully counter- 
clockwise. Advance OUTPUT LEVEL control, R9, 
until an audio tone is heard in the phones. The tone 
should be about 250 Hz. Flip the function switch to 
the F2 position and adjust trimmer R7 until you can 
flip from F1 to F2 without detecting a change in the 
tone. Change the range switch to the XI0 position 
and rotate the frequency controls fully clockwise. 
Again this should yield a tone about 200 Hz. 

Flip the range switch to the XlOO position. The 
tone should be approximately 2 kHz. Switch back 
down to the XI0  range, listen to the 200-Hz signal for 
a few seconds, then move the phones to  the square- 
wave output jack, J3. The signal should be a bit 
raspy because of the square waveform. Now set the 
function switch to  the EXT position and the F2 con- 
trol to its midpoint. Short the external input jacks 
with a jumper, and the 200-Hz signal should shift to 
approximately 750 Hz, indicating that the AFSK cir- 
cuitry is functioning. This evaluates all the func- 
tions of the audio generator and should make you 
feel pretty good. 

Calibration of the little generator is subject to  the 
equipment you might have available, such as a scope 
or frequency counter, and also to the degree of ac- 
curacy you're trying to  attain. The generator is a 
small package, so there really wasn't much room for 
large dials that would provide high resolution. With 
the small dials, accuracy is adequate for general 
audio work, and if you are going to do anything 
critical you'd probably use a counter with the gen- 
erator. 

fig. 3. PC-board component layout viewed from the 
top, or component. side. 

The dual outputs make this a very easy thing to  do. 
I used a scope to measure the output pulsewidth and 
put small pencil marks around the dial area of the 
frequency controls. Then I removed the controls, 
switches, and jacks from the front panel and applied 
the lettering using Datak rub-ons, followed by a 
light coat of clear Krylon to protect the lettering. This 
gives the instrument a professional look and provides 
adequate calibration. Use care in putting the front 
panel components back in place so that the lettering 
isn't damaged. 

The duplex audio-frequency generator is a very 
flexible piece of test equipment that can be built at a 
low cost and is worthy of a place in every experi- 
menter's shop. It can be built by a beginner and will 
remain useful to him as his interests change to the 
more complex phases of Amateur Radio. Also, the 
basic circuitry can be lifted for many other applica- 
tions, limited only by the creative ability and interests 
of amateurs and experimenters. 
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Wilson ... 
has your needs well in hand. 
Today's Amateur demands rugged, rapid and accurate communi- 
cations between Hams in the know. That's why they choose the 
Wilson Mark Series of hand-held radios. With exceptional qualities 
like these . . . why not choose the most popular radio available 
for yourself? 

FEATURES 
Advantages such as solid state circuitry, rugged Lexan~  case, 
removable rear panel (enabling easy access to battery com- 
partment) and compact mini-size enhance the Mark Series 
portable radio's versatility. In addition, Wilson carries 
a full line of accessories to satisfy almost any of your 
requirements. I 
SPECIFICATIONS 
The Mark radios offer: 144-148 MHz range 6 Channel operation 

Individual trimmers on TX and RX xtals Rugged LexanB 
outer case Current drain: RX; 15 mA. TX; Mark l l :  500 mA, 
Mark IV:  900 mA A power saving Hi/Lo Switch 12 KHz 
ceramic filter and 10.7 monolithic filter included 10.7 MHz 
and 455 KHz IF Spurious and harmonics, more than 50 dB 
below quieting Uses special rechargeable Ni-Cad battery 
pack LED battery condition indicator Rubber duck and 
one pair Xtals 52/52 included Weight: 19 oz. including 
batteries Size: 6" x 1.770" x 2.440". 

OPTIONS 
Options available, include Touch Tone Pad, CTCSS, 

I Leather Case, Chargers for Desk Top, Travel or Auto- 
mobile, Speaker Mike and large capacity, small size 
batteries. I 
For more details and/or the name of your nearest 
dealer, contact: Consumer Products Division, Wilson 
Electronics Incorporated, 4288 So. Polaris Ave., P. 0. 
Box 19000, Las Vegas, Nevada 891 19. Phone 7021 
739-1 93 1 . 

Wilson Electronics 4 incor~orated 

More Details? CHECK - OFF Page 126 septernber 1979 69 
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down counters 
Most counters can be considered up counters. 
Their binary states usually increase in bit weight. This 
is sometimes a problem when applying them to a 
phase-locked loop as the programmable divider. In 
such an application, the divider is first preset to a par- 
ticular binary state by the front panel control. Count- 
ing then proceeds to an all-ones or all-zeroes state. 
This state outputs a pulse to the phase detector and 

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

fig. 1. Decade down-counter 
s e c t i o n  o f  M o t o r o l a  
MC4316lMC4016. 

presets the counters again. Division ratio is the differ- 
ence between preset state and end-of-count state. It 
can be a problem with up counters. 

Suppose you want to divide by 888. An up counter 
must be preset to the nine's complement of each 
decimal digit (nine minus the desired digit), or deci- 
mal 111 in this case. The up counter will then 
increase through 888 states until an all-ones condi- 
tion is reached for end-of-count. Confusion arises 
because the decimal preset is in reverse of the 
desired decimal division. 

A solution is to use a down counter, one whose 
states decrease with the number of input clocks. Pre- 
set and division are now the same number. Motorola 
makes such a device with the designation MC4016 
and it is designed for PLL applications." 

a BCD down counter 
The counter portion of the MC4016 is shown in 

fig. 1 with waveforms. D flip-flops are used in place 
of the usual JKs, and all gates are ANDs. G3 is an 
open-collector AND to sense all-zeroes from the 0 
outputs. 

'The designation was formerly changed to MC74416 but is back to the orig- 
inal number. MC4316 is the military temperature version. 

- - 
D 0-- - D  0 -  D 0 

1 B D 
- 

INPUT- C 0 -+I (C- C 0 +I C 0 4 1  - - OPEN 

COLLECTOR 

I I I I 

1 BUS 

STATE ~ 9 ~ B ~ 7 ~ 6 $ - 5 ~ 4 - ~  ~ 2 ~ ~ 0  
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INDIVIDUAL S E T  AND 
R E S E T  GATING EACH 
F L I P - F L O P  

E X T E R N A L  
P R E S E T  
CONTROL 
L I N E S  I 

I INTERNAL 
-0 MASTER 

I R E S E T  

INTERNAL 
P E  G 6  PRESET 

E N A B L E  

PRESET 
INPUT 

- - - - 
M R  GATE P E  BUS S R ------ 
O X O X l O  
O O X l I O  
I O O X T P  - 
1 O l I P P  
I I O X P P  

TRUTH TABLE 

fig. 2. Preset control section of the Motorola MC4316tMC4016. 

Decreasing BCD states can be seen from the wave- 
forms and the effect of gate output states. As in its 
up-count version, it's a divide-by-two in cascade 
with a divide-by-five. Carry out is from QD to the next 
input. A chain of three will go from an initial decimal 
000 to a decimal 999 on the first input. Subsequent 
inputs will change decimal states to 998, 997, 996. 

preset control 
Each stage has direct set and reset inputs active 

low. Counting will be overridden when either is low. 

fig. 3. Single MC4016 connected as 
divide-by-eight. 

CLOCK 
INPUT* 

F L I P - F L O P  INTERNAL 
OUTPUTS PULLUP 

u7j q 0, 0, 0, 

PE % ' 8  ' 0  

INPUTS 

Vcc Vcc 

Two internal buses and three gates provide versatility 
in preset control. Fig. 2 shows the preset control sec- 
tion with a truth table for external control inputs. P 
indicates the state of the external preset input for 
each stage. An X is a don't-care state; it may be 1 or 
0 without changing a particular state combination. 

BUS gate 3 was stated as being open-collector. 
AND gates with open collectors may be wired-AND 
just as NAND gates may be wired-OR.' The internal 
connection to the inverter doesn't change the open- 
collector condition. An internal, separate, pull-up 
resistor is provided on each package. 

Fig. 3 indicates a single package connected for 
division by eight. Waveforms are expanded to show 
automatic presetting. Preset inputs are wired for 
binary 1000 (decimal 8). Control lines WiR and TT are 
tied high. A preset can occur only when GATE is low 
and BUS high - the all-zeroes condition. 

The waveforms assume that six clock inputs have 
occurred. Counter state is then binary 0010. The next 
clock (seventh) will make it binary 0001. The eighth 
clock will cause several actions. 

The counter goes first to binary 0000 and the BUS 
goes high. External control GATE is connected to the 
clock. It isstill high after binary0000 has been reached, 
so a preset doesn't begin until the clock goes low. A t  
that time, the internal D stage active low set changes 
OD from 0 to 1. The other three stages reset; it 
doesn't change anything since they are already 0. 

The counter is now set to binary 1000 and BUS is 
low, but the next positive clock edge will change the 
counter state to binary 01 11. I t  counts down again 
until all zeroes are present. The carry out is only the 
width of the clock low state. 

Maximum clock input frequency is limited by three 
propagation delays: clock positive edge to BUS going 

PARTIAL T I M E  PERIOD OF WAVEFORMS 

BUS 
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C A R R ~  OUT or right-hand, counter will reach all-zeroes first, then 
the middle. The BUS is almost ready to go high, but 
the wired-AND connection makes it dependent on 
the first counter. When the first counter goes zero, 
preset is enabled to all; the BUS goes high, then the 
common GATE goes low. 

Carry out may be from the third OD, but fast inputs 

LEAST SIGNIFICANT YOST s I G N ~ ~ ~ c A N T  
should use the BUS line since it's slightly wider. 

01GIT PRESET D I G I T  PRESET Speed is limited, but a few extra devices will increase 
NOTE<Z.E TIE0  HIGH ON 

ALL PacKaoEs  
this. 

fig. 4. Three MC4016 counters in cascade for variable division. increasing speed 

high (65 ns maximum), clock negative edge to any 
flip-flop set (35 ns), and next-positive clock to a flip- 
flop toggle (78 ns). Inverse total is 5.6 MHz, but the 
nominal maximum frequency is 8 MHz. 

cascading 
Fig. 4 shows the circuit for three packages. It can 

divide by any number from 1 to 999 depending on the 
BCD input to each counter. An MC4018 can be sub- 
stituted. It's a hexadecimal (divide-by-sixteen) ver- 
sion, and three packages would yield a maximum 
count of 212, or 4096; four-bit binary preset inputs 
would be required. 

All and VE control lines are tied high. All GATE 
inputs are connected to the input clock. All BUS pins 
are tied together, but only one R or pullup resistor 
connection is required. 

Preset action is the same as in fig. 3 and depends 
on the first, or left-hand, counter for speed. The last, 

Input frequency can be increased to at least 25 
MHz by adding a D flip-flop, &input gate, and three 
inverters as in fig. 5. Schottky TTL devices are rec- 
ommended. Note that this version has the first coun- 
ter's BUS pin grounded and all and GATE pins 
tied high. 

Previous connections initiated a preset on the in- 
put clock low state. Fig. 5 allows nearly a full clock 
period for preset. This is possible by arming the pre- 
set when countdown has reached decimal 002 
(binary 0010 in the first counter). Presets have been 
hard wired for 888 division for illustration. 

G7 goes low on the 886th input (representing deci- 
mal 002). The external flip-flop will toggle on the 
887th input. This action initiates a preset by making 
the common m control line low. Preset completion 
will make G7 high but won't change the external flip- 
flop, because its clock, the 888th, has not yetarrived. 

Once the 888th clock arrives, the external flip-flop 
will toggle, but the counters will not change; is 

fig. 5. High-speed divideby- for use with phase-locked loop. 

a LOW W AT aRRlvaL 
OF 888TH INPUT WILL 
INHIBIT TOGGLING 
OF FL IP -FLOPA 

NOTE8aLL GATE AN0 % L I R s T  COUNTER BUS 
PINS T IED  HIGH PIN MUST BE GROUNDED 
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still held low at clock edge, and all counters remain at 
preset at that time. (See the third state of the truth 
table in fig. 2.) The first counter essentially ignores 
the 888th clock. 

.The external circuitry permits a substantial 
increase in speed even though the counters are not 
synchronous. The only disadvantage is slight: divi- 
sion by less than three is not possible. 

other packages 
Presettable upldown counters are available. These 

can be connected for down counting only with exter- 
nal circuitry added for similar preset-enable control. 
The use of synchronous counters and Schottky TTL 
programmable dividers is possible up to 60 MHz. 
Great attention must be paid to propagation delay at 
high speed. 

The Motorola device was selected for this example 
because it contains the essential ingredients of a 
counter with preset control ability. 

1. Leonard H. Anderson. "Digital Techniques: Gate Structure and Logic 
Families." hem radio. February. 1979. page 66. 

ham radio 

"I think you'd better u n p l u g  it, Stan." 

More Details? CHECK-OFF Page 126 
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FOB Columbus, Ohio 700 Tay lor  Road 

Columbus. Ohio 43230 
Dealer Inqu i r ies  Welcome (61 4) 864--2464 

Call or Write for Delivery or Quote 

ICOM IC701 
with ACIMIC 
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The Popular 
CUA 64-12 
by Heights 
Light, 
permanently 
beautiful 
ALUMINUM 
towers 

THE MOST IMPORTANT 
FEATURE OF 
YOUR ANTENNA 
IS PUITING 
IT UP WHERE 
IT CAN DO 
WHAT YOU EXPECT. 
RELIABLE DX - 
SIGNALS EARLIEST IN 
AND LAST OUT. 

I 

ALUMINUM 
Complcte Telescoping 
and Fold-Over 
Series Available 

Self-Supporting 

Easy to Assemble 
and Erect 

Al l  towers mounted 
on hinged bases 

And now, with motorized options. JOu 
can crank it up or down, or fol ot 
over. from the operating positlon in 
the house. 

Write for 12 age bmchure lvlng doz- 
ens of combPnations of heigftt, weight 
and wind load. 

1 Please Include 30( (stamps or coins) 
for postage and handllng when re. 
questing our free literature. I 

4 ALSO TOWERS FOR WINDMILLS ) 

1 H E I G H T S  I 
MANUFACTURING CO. 
In Almont Heights Industrial Park 

Almont, Michigan 48003 

NEW TONE PAD DECODER *TPD 204 ! 
NOW AVAILABLE IN KIT & WIRED & TESTED 
UNITS -- FROM: 

"*epea t e ~ 4  w t i w d t e d g t  
A V i o i o i a *  06 

' b t f a t h f  r l ~ ~ k a r ~ b s "  
PO  OX 7054 

Waci~tta,  4a. 30065 
m63ZE 404 97r.~/22 a t  autoid 

FEATURES : 
en ACTIVE fILTER TYPE TONE DECODERS 
efULL 4 X4 M A T R I X  
eIIDIVIOUAL T T L  L O G I C  OUTPUT fOR EACH TONE 
eINOIVIDUIL T T L  LOGIC OUTPUT FOR EACH D I G I T  
eTTL BCO OUTPUT FOR DIGITS 0 -  9 

INCLUOINC STROBE 
.SEVEN SEGMENT DISPLAY 01 BCD 

OUTPUT 
e44 PIN GOLD PLATED EDGE CONNECTED 

PC.  BOARD 
C O M P L E T ~  KIT $109.95 
ASSfMBLfD UNIT 5 139.95 
P I I C I S  SI8ICC1 TO C U I C C  
C& ItSlBtMTS NVE 3% S&ltS I l l  
S I I P T I X C  f I T I 1  

Repeater Jammers Running You Ragged? 

Here's a portable direction finder 
that REALLY works-on AM, 
FM, pulsed signals and random 
noise! Unique left-right DF 
allows you to take accurate (up 
to  2")and fast bearings, even on 
short bums. Its 3dB antenna 
gain and . 0 6 ~ V  typical DF sen. 
sitivity allow this crystal- 
controlled unit to hear and posi. 
tively track a weak signal at very 
long ranges-while the built-in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit. 
ter. It has no 180" ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The DF is battery-powered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. It is available in the 140-150 MHz VHF band and/or 
220-230 MHz UHF band. This DF has been successful in locating malicious inter- 
ference sources, as well as hidden transmitters in "T-hunts", ELTs, and noise sources 
in RF I situations. 

Price for the single band unit is $195. for the VHFIUHF dual band unit is $235. plus 
crystals. Write or call for information and free brochure. 

L-TRON ICS 
5546 Cathedral Oaks Road 

W6GUX (Attention Ham Dept.) WDGESW 
Santa Barbara, CA 931 11 

More Details? CHECK - -OFF Page 126 76 september 1979 



The HAL ST6000 Demodulator offers outstanding performance, versatility, and ease of 
operation.The Receive Demodulator features multiple-pole active filtersavailable for "high" or "low" tones 
These filters are frequency-matched to the transmit tone crystals for true transceive operation. Input 
bandpass filters, discriminator filters,and postdetectionfiltersare carefully designed and tested for optimum 
weak-signal recovery. The ST-6000 has an internal loop power supply, 2 loop keyers, RS-232, MIL-188C, and CMOS 
data m, and rear panel connections to data and control circuits for connection to UART and computer devices. 
Use it with the HAL DS-3000 KSR for the best in RTP( performance. $SS5.00 

Write today for HAL'S latest RTTY catalog. 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana, W i i s  61801 
217-367-7373 

For our Uverseas customers: 
see HAL equipment at: 

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



Model 
1514 

Specifications ( 
Frequency 

Coverage 

Line Impedance 

Power Capablllty 

Jacks, Removable 
Coupler 

Semiconductors 

Accuracy 

VSWR Insertion 

Shipping Weight 

Dimensions 

1.6-30 MHz 

50 ohm resistive 

2000 W continuous 

Two SO239 input and output 
connectors 

Two power meter rectifiers 

-. (5% of reading + 1% of full scale) 

insertion of wattmeter in line changes 
VSWR no more than 1.05:l 

3 Ibs (1.4 kg) 

5.3"H x 6.9"W x 7.5D (13.5 x 17.5 x 19 cm) 

Drake WH-7 
Directional 

Drake directional, through line wattmeters, using 
printed circuits, toroids, and state of the art techniques. 
permit versatile performance and laboratory accuracy. 
yet at a lower cost. 

Removable coupler provides remote metering, and 
allows convenient positioning of coaxial cable. 

WH-7 wattmeter makes possible quick, accurate ad- 
justments of antenna resonance and impedance 
match, when placed between transmitter and matching 
network. 

Drake WH-7: Designed for user convenience and high 
accuracy. This instrument includes three calibrated 
scales for rf power to satisfy applications from QRP to 
high power (0-20. 0-200 and 0-2000 watts full scale) A 
fourth calibrated scale provides dlrect reading VSWR 
information, and is switch selected from front panel. 
The WH-7 is styled to match the 7-line. 

Drake "Dry" Dummy Loads-no oil required 

Model 1551 Drake DL-1000 
........ 1000 Watts for 30 seconds, with derating curve to 5 minutes, 

Designed to accept Drake FA-7 cooling fan for extended high 
power operation. 

VSWR of 1.5:1 max. 0-30 MHz. 
4 /-- Provided with SO-239 coax connector, and rubber feet for 

%/- desk or bench use. 

Size 14" x 3 .6  (35.6 x 9.1 cm). wt. 2 (910 g) 

Model 1550 Drake DL-300 
300 watts for 30 seconds. with derating curve to 5 minutes. 

Built-in PL-259 coax connector for direct connection to rear 
of transceiver or transmitter-no jumper coax necessary. 

VSWR of 1.1:l max. 0-30 MHz 1.5 max. 30-160 MHz. 

Ideal as bench test device for amateur or commercial hf and 
vhf gear. 

Small size fits conveniently in any field service tool box. 
6 . 7 " ~  2.08 (17.0 x 5.3 cm). Wt. 11 oz (310 g) 



Known throughout the world for quality.. . 

Equipment 
for 

. 

R. L. DRAKE COMPANY 
540 Richard Street, Miami )hi0 45342 
Phone (513) 866-2421 T 3-01 7 

sburg, C 
'elex 28f 

Specifications, availability and prices subject to change without notice or obligation 

Drake TVI Filters 
High Pass Filters ! Low Pass Filters 

for TV Sets for Transmitters 
provide more than 40 dB attenuation at 
52 MHz and lower. Protect the TV set from 
amateur transmitters 6-160 meters. 

have four pi sections for sharp cut off above the 
hf amateur bands and to attenuate transmitter 
harmonics falling in any TV channel and fm band. 
52 ohm. SO-239 connectors built in. 

Model No. 1603 
I 

Model NO. 1608 Drake N-3300-LP 
Drake TV-300-HP I 1000 watts max. below 30 M H ~ .  ' u* 
For 300 ohm twln lead. Attenuation better than 80 dB abo 
New terminals for ' 41 MHz. Helps TV i-f ~nterference, 
easy tnstallation. as well as harmonic interference. 

F Model No. 161 0 Model NO. 1605 Drake N-42-LP 
I 

Drake N-75-H P is a four section filter designed 
1 '  with 43.2 MHz cut-off and 

-$.-- For 75 ohm TV coaxial extremely high attenuation in all 
cable; TV type "F" TV channels for transmitters 

\ connectors installed. 1 % -  / operating at 30 MHz and lower. 
,-/ Rated 100 watts input. 

Drake TVI Filters help you keep peace with your neighbors 



A remarkab!e 
engineering 

breahthrougla.. . DRAKE TR-7 

contint 
o gaps- 

QF d -  - 

rous coverage reception- 
-no range crystals required * 

*'--d - 4 * -  d 

AI Band transmlsslon, lncludlna 
capal 

ernmer 

.. 
I Silty for MARS, Embassy, 

i =Or 
~ t ,  and future band expanslons* 

I 

shown 
7lDR-7 

7 w ~ t h  RV-7 and MS-7 

In 1963 Drake led the way by producing Now, Drake leads the way again by developing 
the first commercially available amateur the first commercially available amateur transceiver 
transceiver that employed the now widely that uses a 48 MHz i-f, through the technique 
copied 9 MHz i-f frequency. Even today, of "Up-Conversion." This system greatly improves 
many major competitive transceivers image and general coverage performance, and 
are still being introduced using i-f's will be copied in the years to come. With Drake, 
in this range. you can join the new state of the art today! 



solid state continuous coverage 
synthesized hf system 1337 

pm 
Q 

The design philosophy behind the The TR-7 System is the result of one With the excellent design of its front 
new Drake "7system" has created a of the most extensive engineering panel and controls, the system is 
most sophisticated system concept, and development programs in the simple and straightforward to 
extending from engineering to the history of the R. L. Drake Company, operate-makes state of the art 
visual appearance of the system and and provides the user with many performance a pleasure. 
each of its parts. innovative design features. 

Broadband, Solid State Design-100% 
solid state throughout. All circuits are 
broadbanded so there is no need for 
preselection tuning or transmitter 
adjustments of any kind. 

SynthesizedlPTO Frequency Control- 
A Drake exclusive: Special high 
performance synthesizer, combined 
with the famous Drake PTO, provides 
smooth, linear tuning with 1 kHz dial 
and 100 Hz digital readout. 500 kHz 
upldown range switching is pushbutton 
controlled. 

Continuous, Wide Range Frequency 
Coverage-The TR-7lDR-7 provides 
reception from 1.5 thru 30 MHz- 
cont~nuously, and zero thru 30 MHz 
continuously with the optional Aux-7 
Range Program Board. No gaps or 
range crystals required. The highly 
advanced Drake Synthesizer makes this 
possible. and is an industry first. The 
TR-7/DR-7 provides transmit coverage 
for all Amateur Bands 160 thru 10 
meters. With the optional AuxJ Range 
Program Board, diode-programmable 

out-of-band transmit coverage is 
available for MARS. Embassy. 
Government, and future band 
expansions in the range 1.8 thru 30 
MHz.' The Aux-7 Board also provides 0 
thru 1.5 MHz receive coverage and 
crystal-controlled fixed channel 
operation for Government. Amateur, or 
semi-commercial applications 
anywhere in the hf range. TheTR-7 wlo 
DR-7 provides coverage of the Amateur 
Bands 160 thru 15 meters and the 
28.5-29.0 MHz range of 10 meters. The 
Aux-7 Range Program Board is also 
useable in the standard TR-7 for extra 
range coverage as noted. 

State of the Art Receiver Design-The 
DrakeTR-7 introduces another industry 
first for amateur transceivers: "Up- 
Conversion.'' in combination with a 
special high level double balanced 
mixer for superior strong signal 
handling, spurious and image response 
performance. The first i-f of 48.05 MHz 
places images well outside the receiver 
passband, and provides for true general 
coverage operation without i-f gaps. 

True Passband Tuning-The TR-7 
employs the famous Drake Full 
Passband Tuning instead of the limited 

range "i-f  shift" 
found in some 

, . other units. The 
;';i&.;$,,:.. . 
L ,L . .~.i Drake System 

tunes from the top 

sideband, through 
center, to the 
bottom edge of 
the other 
sideband. In fact, 
the range is even 
wider to 

accommodate RTTY. Full passband 
tuning greatly improves receiving 
performance in heavy ORM. 

Unique Independent Receive 
Selectivity-Optional receiving 
selectivity filters can be installed 
internally and pushbutton-selected 
from the front panel. These may be 
selected independently of transmit 
mode and provide optimum response 
for various conditions of ssb, cw, RTTY. 
and a-m. You may also transmit cw 
while receiving ssb, or vice versa, or 
even transmit one sideband while 
receiving the other. The standard filter 
is 2.3 kHz for ssb. You may choose from 
optional 300 Hz, 500 Hz. a special 1.8 
kHz for crowded ssb, or 6 kHz filter for 
a-m. Any three may be installed in 
addition to the ssb filter. 

Effective Noise Blanker-This 
accessory is custom engineered to 
provide true impulse-type noise 
blanking performance. 

Special High Power Solid State PA-A 
Drake custom-designed diagonal heat 
sink providesfor an internally mounted 
power amplifier with nothing mounted 
outboard subject to physical damage. 
The unique air ducting effect of t h ~ s  
amplifier allows an optional rear- 
mounted fan to provide continuous 
duty on SSTVIRTTY. Continuous ssblcw 

(TR-7 features continued on next page) 

ote: Out-01-band transmitter coverage for MARS. Government, etc. is available at the discretion 01 the R. L. Drake Company, a special range IC will be supplied 
nly in ranges authorized by the FCC. Military, or other government agency for a for usewith Ihe Aux-7 Range Program Board. Pricesquoted fromthefactory. See 
Iecific service. Proof of Incense for that service must be submitted to the R. L. operator's manual for deta~ls. (Not available for services requiring type accept- 
rake Company, including the 500 kHz range to be covered. Upon approval, and ance.) 



lrom DRAKE TR-7 solid state preceding page) 

continuous coverage synthesized hf system 
operation is available without the fan, 
due to the excellent heat sink design. 
The optional Drake PS-7 Ac Supply is 
rugged, rated for continuousduty, and 
will easily handle power requirements. 
The System is rated 250 watts input-in 
any of its modes. Fully VSWR protected. 

TR-7 Internal Test Facilities-As well 
as the standard "S" meter function, the 
TR-7 metering includes a built-in rf 
WattmeterIVSWR Bridge. Also, the DR-7 
digital counter reads frequencies to 150 
MHz for test purposes. Access to the 
counter is from the rear panel. 

DECIBELS S UNITS 

1 3  5 7 9 I02030 
\ . I  I 1  
\ ' I  ' I '  
10 20 A0 60 100 Z W  W 

Receiver Incremental Tunlng (RIT) 
-Complete RIT Flexibility is provided 
for both the TR-7 and RV-7 remote VFO 
for maximum convenience. The RV-7 
also includes a special "spot" function 
for easy zero beating. 

Model 1337 Drake TR-7 Transceiver 

Model 1530 Drake DR-7 General Coverage1 
Digital Readout Board 

Model 1336 Drake TR-71DR-7 General Coverage 
Digital RIO Transceiver 

Model 1338 Drake RV-7 Remote VFO 

Model 1502 Drake PS-7 1201240V Ac Supply 
~ncludes spec~al w ~ d e  ranqr voltage and 
frequency capabtltty Operates from 
any norn~nal l ~ n e  voltage (90-132 V 
180-264 V. 50-60 Hz)  deal for overseas 

Model 1536 Drake Aux-7 Range Program Board f 
Model 1531 Drake MS-7 Matching Speaker 
Model 1537 Drake NB-7 Noise Blanker 
Model 1529 Drake FA-7 Fan 
Model 7021 Drake SL-300 Cw Filter. 300 Hz 

2 L---- - - 1 - 
13.6 in. (34.6 cm) 



DRAKE TR-7 SPECIFICATIONS 

GENERAL 

Frequency Coverage 
(with DR-7 Digital RIO Gen. Cov. Board) 

Receive 
. . .  Without Aux-7 1.5 to 30 MHz, continuous, no gaps 

. . . .  With Aux-7*.. Same, plus 0 to 1.5 MHz at reduced 
performance in this range 

Transmit 
Without Aux-7 . . .  1.8-2.0. 3.5-4.0, 7.0-7.5. 14.0-14.5. 

21 .O-21.5. 28.0-30.0 MHz 

With Aux-7* . . . . .  Above ranges, plus any eight 500 
kHz segments from 1.8 to 30 MHz 

Frequency Coverage 
(w?thout DR-7 Digital RIO Gen. Cov. Board) 

ReceivelTransmit (Transmit above 1.8 MHz only) 
WithoutAux-7 . . .  1.5-2.0.3.5-4.0, 7.0-7.5. 14.0-14.5, 

21.0-21.5.28.5-29.0 MHz, PIUS 
Receive only on 2.5-3.0 MHz and 
5.0-5.5 MHz 

With Aux-7 + . . . . .  Above ranges, plus any eight 500 
kHz segments from 0 to 30 MHz. (0 
to 1.8 MHz Receive only) 

. . .  Modes of Operation Usb. Lsb. Cw. RTTY. A-m equiv. 
(A-3H) 

. . .  Frequency Stability Total drift is less than 100 Hz after 
warm up. Total frequency change 
is less than 100 Hz over the 11-16 
V-dc input supply range 

Frequency Readout Accuracy 
Analog . . . . . . . . . . . . .  Better than i- 1 kHz when calibrated 

at the nearest marker point 
Digital . . . . . . . . . . . . . .  15 ppm + 100 Hz 

External Counter Mode 
Maximum 

Input Frequency . . .  
Input Level Range . . .  

Power Supply 
Requirements . . . .  

Dimensions 
Depth . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Width 
. . . . . . . . . . . . . .  Height 
. . . . . . . . . . . . . .  Weight 

150 MHz 
50 mV to 2 V, rms 

11-16 V-dc (13.6 V-dc nominal). 3A 
receive. 25A transmit 

12.5 in. (31.75 cm). excluding 
knobs and connectors. 
13.6 in. (34.6 cm) 
4.6 in. (1 1.6 crn). excluding feet 
17.1 Ib. (7.75 kg) 

RECEIVER 
(1.8-30 MHz. reduced specs 0-1.8 MHz) 

Sensitivity I-f Frequency . . . . . . . . .  First I-f . . . . . . . . . . . . . . .  .48.05 MHz 
Ssb. Cw . . . . . . . . . . . . .  LessthanO.5pVforlOdB(S+N)iN Second 1-1 . . . . . . . . . . .  ..5.645 MHz 
A-m (30°/~Mod.) . . . . .  Lessthan 2.0pVfor l 0 d B  (S+N)>N 

Image and I-f Rejection Greater than 80 dB 
Selectivity . . . . . . . . . . . .  2.3 kHz at -6  dB and 4.1 kHz at 

-60 dB (1.8:l shape factor) Spurious Response . . .  Greater than 60 dB down 

Ultlmate Selectivity . . .  Greater than 100dB lnternallv Generated 

Agc . . . . . . . . . . . . . . . . . .  Less than 4 dB output variation for 
100 dB input signal change. 
referenced to agc threshold 

Spurious . . . . . . . . .  Less than 1 pV equivalent, except 3 pV 
equivalent from 5 to6  MHz. (Reduced 
specs on internal gsc frequencies) 

intermodulation . . . . . . .  Intercept Point. +20 dBm Audio Output . . . . . . . . .  2.0 watts @ less than 10% THD 
Two-tone Dynamic Range. 99dB (4 ohm load) 
(at tone spacings of 50 kHz and greater) 

TRANSMITTER 

Power lnput (Nominal) 
Ssb . . . . . . . . . . . . . . . . .  250 watts PEP 
Cw . . . . . . . . . . . . . . . . .  250 watts 
A-m equiv. . . . . . . . . . .  80 watts (carrier). plus upper 

sideband 

Duty Cycle 
Ssb. Cw . . . . . . . . . . . .  100% 
Tune. SSTV. RTTY. A-m wlo 1529 FA-7 Fan: 33%. 5 rnin 

transmit, max. 
with 1529 FA-7 Fan: 100% 

. . .  Load Impedance . . . . . .  50 ohms, nominal Wattmeter Accuracy -5% @ 100 watts (50 ohm load) 

. . .  Spurious Output . . . . . .  Greater than 50 dB down Carrier Suppression Greater than 50 dB 

. . . . .  Harmonic Output . . . . . .  Greater than 45 dB down Microphone Input High impedance 

lntermodulation VSWR Turndown (Nominal) (Percent rf power turndown) 
Distortion . . . . . . . .  30 dB below PEP (24 dB below one @1:1 . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . .  0% 

of two tones) @2:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10% 
@3:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25% 

Undesired Sideband @4:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50% 
Suppression . . . . . .  Greater than 60 dB @ 1 kHz @ 5:l and above . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90% 

+ Aux-7 mud be used with either Model 1546 RUM-7 Range Receive Module. or Model 1547 RTM-7 RangaTransceive Module. Use one module per 500 kHz range 
Modules plug d~rectly Into Aux-7. 

R. L. DRAKE COMPANY 540 Richard St., M~amsbu" Ohio 45342 

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



Fully synthesized on each band. 5 kHz metropolitan areas where many No frequency mixing in transmitter. 
steps, digital read-out. repeaters are in use. Transmitter freauencv derived directlv 

Squelch. from VCO frequency.~~rovides Fm coverage on complete 144,220 extremely low spurious output. 
and 440 Amateur depending Hi-lo power, with lo-power adjustable. 
on model purchased. Completely Companion ac power supply (PS-3). 
band-switched from front panel. Priority scan feature: 

-scan a programmed fixed channel Operate mobile or fixed station. (13.8 C 
Four extra diode ~roarammable fixed from anv synthesizer freauencv. supplv reauired) . . .  . 
channels, with ofisec, available for -scan any synthesizer frequency 
each band, in addition to the from a programmed fixed channel. Small, compact, rugged construction 

synthesizer. -scan a specific programmed fixed utilizing aluminum extrusion sides 
channel from another programmed and panel. 

Diode programmable non-standard fixed channel. 
offsets available for each band. Transmit audio custom tailored for 

Plug-in modular construction. maximum communications "punch." 
Separate SO-239 Antenna Connector 
for each band. Remote operation. Removable control Choice of one, two, or three band 

head will operate radio in trunk coverage in a single transceiver. Basic 
Outstanding receiver front-end compartment from driver seat. modelsmay be purchased, with factor 
performance. Ideal for use in (remote kit optional) installed add-on modules added later. 

PS3 AC Power Supply 1525EM Encoding Mlcmphone 220 and 440 Add-on Module8 UMK-3 Remote mnk-Mount Kn 



Fully synthesized on each band MHz 
DRAKE UV-3 SPECIFICATIONS 

GENERAL 
Frequency Coverege: 144 . . . . . . . . . . . . . . .  . . 144-148 MHz' 

220 . . . . . . . . . . . . . . . . . . . . . . . . . . .  220225 MHz 
440 . . . . . . . . . . . . . . . . . . . . . . . . . . .  440450 MHz 

Mode: Fm (5 kHz devlatlon) 

Supply Voltage: l1.515.0 V dc negalive ground 

Supply Current: Receive . . . . . . . . . . . . . . . . . . . . . .  0 9 A Standby 
Transmtt . . . . . . . . . . . . . . . .  6 A Hlgh Power 

1.3 A Low Power 

Mmenslons: Lenglh (single unit) . . . . . . . . . . . . . . .  [r (22.86 cm) 
. . . . . . . . . . . . . .  (two unit) I 1  5" (29 2 cm) 

. . . . . . . . . . . . .  (three unll) 1 4  (35 56 cm) 

Widlh . . . . . . . . . . . . . . . . . . . . . . . .  8.1-(20.6cm) 
Height . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.Y18.9cm) 

Weight: (One unit) . . . . . . . . . . . . . . . . . . . . . .  7 Ibs. (3.17 kg) 
. . . . . . . . . . . . . . . .  (Two untt) 7.3 Ibs. (3.31 kg) 

(Three Unil) . . . . . . . . . . . . . . . . . . . . . .  7 6 Ibs. (3 45 kg) 

Operating Temperature: WC l o  W C  

'Band overlap allow lunlng 01 morl Mars lrequencln 

FREOUENCY SYNTHESIZER 
Type: Directly programmable. digilal phase locked loop. 5 

kHz steps 

Reference: 5 MHz cryslal oscillalor 

Frequency Accuracy: r 0005% over a temperalure range of G"C to 6VC wnlh 
a supply voltage vanallon of 11 5 to 15 V dc 

RECEIVER 
q p e :  Double conversion. I s l  1.1 @ 107 MHz. 2nd 1-1 @ 455 

kHz. 6 polecrystal idler @ 10 7 MHz and8 pole cerarnlc 
fllter a1 455 kHz 

Seleclklty: 12 kHz @ - 3  dB 

Model 1346 Drake UV-3 (144-220-440) 

Model 1344 Drake UV-3 (144-440) 

Model 1340 Drake UV-3 (144) 

(Models above include lactory installed modules 
l o r  bands as listed. standard dvnarnic mike. a n d  
rnobrle rnounlrng bracket.) 

Add-on modules expand band coverage of 
models which may have been purchased in 
a single band or two band configuration. 
Prices include factory installation which is 
necessary to meet FCC receiver certification 
requ~rements. 

220 Add-on Module 
440 Add-on Module 
144 Add-on Module 

Model 1504 Drake PS-3 AC Power 
Supply 

Model 1625 Drake 1525EM Encoding 
Mike (see next page) 

Model 1330 Drake UMK-3 Remote 
Trunk-Mount Kit 

Model 385-0002 Drake UV-3 
ServicelSchematic Book 

Senslttvny: 146-148 MHz 
222-225 MHz Typically less lhan 

442-447 MHz .35@V for 12 dB SlNAD 

144-148 MHz 
220-225 MHz 5 r V  (max.) lor 12 dB SINAD 
440-450 MHz 

Adjacent Channel 
Rejecllon: 144 greater lhan 60 dB mln @ - 30 kHz 

220 440 greater than 70 dB mln @ * 30 kHz 
144 220 440 grealer than 60 dB mln @ * 15 kHz 

Inlermodulallon 
Anenuallon: 144 

(EIA RS-204-A) 220 
440 

80 dB (referenced to 12 dB SINAD) 
75 dB (referenced l o  12 dB SINAD) 
6566  (referenced to 12 dB SINAD) 

Image ReJecIIon. 144 80 dB 
220 60dB 
440 M dB 

1-1 ReJecllon: Grealer lhan 95 dB 

Audlo Oulput: 2.5 walls@ less than 10% THD. 2 walls @ less Ihan 5% 
THD 

Squelch Sansltivlly: Less lhan 0 .2 rV  

Meter: lndlcates relaltve slgnal level 

TRANSMITTER 
Power Output (13.8 V dc): Hlgh Power 144 25 watts nom (144-148 MHz) 

220 10 watts man (220225 MHz) 
440 10 watts mnn (440450 MHz) 

Low Power Approx 10% of hlgh power (adlustable) 

Harmonlc and Oul 
01 Band Spudous: 144, 220 60 dB (man ) relerenced lo carrler 

440 -40 DB (mtn ) relerenced lo carrler 

Spu~Ious In  Band: 75 dB (mln ) relerenced to carrter 

Modulallon: D~recl l m  pre-set to - 5 kHz devlatlon 

Hum and Nolse: Grealer than 40 dB below maawnurn devlallon 



Drake 1525EM Push Button Encoding Mike 

Microphone and auto-patch encoder in single . convenient package with coil cord and connector. 
Fully wired and ready for use. 
High accuracy IC tone generator, no frequency 
adjustments. 
High reliability Digitran'" keyboard. 
Power for tone encoder obtained from transceiver 
through microphone cable. No battery required. 
Low current drain. 
Low output impedance allows use with almost all 
transceivers. 
Four pin microphone plug: directly connects 
to Drake UV-3 without any modification in 
transceiver. Compatible with all previous Drake 
and other 2 meter units with minor modifications. 
Tone level adjustable 

Drake 7077 Dynamic Desk Microphone 

Audio and level characteristics custom designed to match 
the transmit audio requirements of the Drake TR-7. 

Features both VOX and P l T  operation without modifica- 
tion. 

High Impedance 

Includes coil cord and plug wired for direct installation to the 
Drake TR-7. 

Style and color provide a beautiful match to the Drake 
7-Line. 

Size4.3Wx5.8Dx9.3"H(10.9x14.7x23.6cm). Wt.l Ib.702 
(650 g). 

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

Q 
Phone: (513) 8662421 Telex: 288-017 



Drake L-7 Continuous Duty 
160-10' Meters 2kW Linear Amplifier 

rmperature controlled design for "key-down" operation over a wide frequenc: 
Inge. Newly engineered for coverage of any new or expanded hf amateur 

bands within FCC amplifier rules. Also features wide frequency coverag 
MARS, and other services authorized for this type of amplifier. 

e for 

2 kW PEP. 1 kW cw, RTTY, SSTV operation-all modes. 
full rated input, continuous duty cycle. 

160-10' meter amateur band coverage, plus expanded 
ranges for any future hf band expansions or additions 
within FCC rules. These ranges also include increased 
coverage for MARS, embassy, government, or other 
such services. 

The Drake L-7 utilizes a pair of Eimac 3-500 Z triodes 
for rugged use, and lower replacement cost compared 
to equivalent ceramic types. Tubes are included. 

Accurate built-in rf wattmeter, with forwardlreverse 
readings. is switch selected. Calibrated 300/3000 
watt scales. 

Temperature controlled two speed fan is a high volume 
low noise type and offersoptimum cooling. 

Adjustable exciter agc feedback circuitry permits drive 
power to  be automatically controlled at proper levels 
to prevent peak clipping and cw overdrive. Front panel 
control. 

By-pass switching is included for straight through, low 
power operation without having to  turn off amplifier. 

Bandpass tuned input circuitry for low distortion 
and 50 ohm input impedance. 

Amplifier is comprised of two units-rf deck for desk 
top and separate power supply. 

Operates from 1201240 V ac. 50160 Hz primary line 
voltage. 

DRAKE L-7 SPECIFICATIONS 

Frequency Coverage*: Ham bands 160 through 15 meters. Non- 
amateur frequencies between6.5and 21.5 MHz may becovered with 
some modification of the input circuit. 

Plate Power Input: 2000 Wans PEP on SSB and 1000 Watts DC on 
CW, AM, RTTY, and SSTV 

Drive Power Requirements: 100 Watts PEP on SSB and 75 Watts on 
CW, AM. RTTY, and SSTV. 

Input Impedance: 50 Ohms. (Bandpass tuned input) 

Output Impedance: Adjustable pi-network matches 50 Ohm line 
with SWR not to exceed 2:1. 

Intennodulatlon Dlstortlon Products: In excess of -33 dB. 

Wattmeter Accuracy: 300 Watts forward and reflected. + (~O/O of 
reading + 3 Watts). 3000 Wattsforward. ? (5%of reading + 30 Watts). 

Power Requirements: 240 Volts 50-60 Hertz 15 Amperes, or 120 Volts 
50-60 Hertz 30 Amperes. 

Tube Complement: Two of 3-5002 or 880213-5002 or 8163 or 3-4002. 

Dlmenslons: Amplifier 13.69"W x 6.75"H x 14.25"D (34.8 x 17.1 x 36.2 
cm). Power Supply 6.75W x 7.88"H x 11"D (17 x 20 x 28 cm). 

Weight: Ampllfler 27 Ibs (12.25 kg). Power Supply 42.5 Ibs (19.3 kg). 

'Export model includes coverage of the 10-meter Ham Band. 



Drake R-7 Synthesized, 
General Coverage Receiver 1"%d 

al cove 
with nc ...- I-#- 

ecepti 
L 

Full generi !rage r on 
0-30 MHz, \ 1 gaps 
or range crystals requi~ 

Continuous tunin 
from vlf thru hf. Superu 
state-of-the-art performance 
on a-m, ssb, RTTY and cw 

- 
-and it transceives with 

w the Drake TR-7. 

100°/~ solid state broadband design, fully synthesized 
with a permeability tuned oscillator (PTO) for smooth, 
continuous tuning. 

Covers the complete range 0 to 30 MHz with no gaps 
in frequency coverage. Both digital and analog 
frequency readout. 

Special front-end circuitry employing a high level 
double balanced mixer and 48 MHz "up-converfed" 1st 
i-f for superior general coverage, image rejection and 
strong signal handling performance. 

Complete front-end bandpass filters are included that 
operate from hf thru vlf. External vlf preselectors are 
not required. 

10 dB pushbutton-controlled broadband preamp 
can be activated on all ranges above 1.5 MHz. Low 
noise design. 

Various optional selectivity filters for cw. RTTY and 
a-m are switch-selected from the front panel. Ssb 
filter standard. 

Special new low distortion "synchro-phase" a-m 
detector provides superior international shortwave 
broadcast reception. This new technique permits 3 
kHz a-m sideband response with the use of a 4 kHz 
filter for better interference rejection. 

Tunable i-f notch filter effectively reduces heterodyne 
interference from nearby stations. 

The famous Drake full electronic passband tuning 
system is employed, permitting the passband position 

-eu. 

te way 

to be adjusted for any selectivity filter. This is a great 
aid in interference rejection. 

Three agc time constants plus "Off" are switch- 
selected from the front panel. 

Complete transceivelseparate functions when used 
with the Drake TR-7 transceiver are included, along 
with separate R-7 R.I.T. control. 

Special multi-function antenna selector150 ohm 
splitter is switch-selected from the front panel, and 
provides simultaneous dual receive with the TR-7. 
This makes possible the reception of two different 
frequencies at the same time. Main and alternate 
antennas and vhfluhf converters may also be selected 
with this switching network. 

The digital readout of the R-7 may be used as a 150 
MHz counter, and is switched from the front panel. 
Access thru rear panel connector. 

The built-in power supply operates from 100.120.200, 
240 V-ac, 50160 Hz, or nominal 13.8 V-dc. 

The R-7 includes a built-in speaker, or an external 
Drake MS-7 speaker may be used. 

Built-in 25 kHz calibrator for calibration of analog dial. 

Low level audio output for tape recorder. 

Up to eight crystal controlled fixed channels can be 
selected. (With Drake Aux-7 installed.) 

Optional Drake NB-7A Noise Blanker available. Pro- 
vides true impulse type noise blanking performance. 

7 R. L. DRAKE COMCAN 
- .ind-.? - 



@ Model 1531 Drake MS-7 Speaker 
>:::s 

E :.:.:.: Model 7021 Drake SL-300 Cw Filter, 300 Hz 
.:.:.:. 

O~tional liii Model 7022 Drake SL-500 Cw Filter, 500 Hz :.:.:.: 

i'iB Model 7023 Drake SL-1800 SsbIRTTY Filter, 1800 Hz accessories ::::% 

available $$ Model 7024 Drake SL-6000 A-m Filter, 6.0 kHz 
:.:.:.: ... 

% :.:.:.: Model 7026 Drake SL-4000 A-m Filter, 4.0 kHz 
$$ Model 1532 Drake NB-7A Noise Blanker tig 

Model 1536 Drake Aux-7 Range ProgramIFixed-Frequency Board .... 

DRAKE R-7 SPECIFICATIONS 

Frequency Coverage, wntlnuous tunlng (Wlth Drake DR-7 
Digital WO, General Coverage Board) 
0 to 30 MHz contlnuous (With or without Aux-7 board) (No gaps 
in frequency coverage) 

Frequency Coverage, contlnuous tuning (Without DR-7 Board 
installed) . 

0.01 to 0.5 MHz 
0.5 to 1.0 MHz Without 

5.0 to 5.5 MHz 

1.0 to 1.5 MHz 
7.0 to 7.5 MHz 

1.5 t02.0MHz) &$ { 14.0 to 14.5 MHz 
2.5 to 3.0 MHz 

21.0 to 21.5 MHz 

3.5 to 4.0 MHz 
28.5 to 29.0 MHz 

Plus any eight addltlon~l500 kHz segments between 0 and 30 
MHz when programmed into Aux-7 Board. 

Crystal Controlled Fixed Frequencies: Up to eight crystal- 
controlled fixed frequencies within the &30 MHz range with 
Aux-7 Accessory Board. Proper 500 kHz range for desired fixed 
frequency is also programmed into Aux-7. 

Frequency Stability: Less than 100 Hz drift after temperature 
stabilization including ?lo% line voltage variation. 

Dlgltal Readout Accuracy: (DR-7 installed) 15 PPM 2 100 Hz 

Analog Mal Accuracy: Better than 21 kHz when calibrated to 
nearest calibrator marker. 

Modes at Operation: Ssb, cw, RTTY, SSTV, a-m. 

Sensltlvlty (ssb): 1.830 MHz Less than .20pV for 10dB S+NlN 
with preamp on (typically .15pV) (Noise floor typically -134 
dBm) Less than .50pV for 10 dB S+NIN without preamp (typi- 
cally .3OpV) (Noise floor typically -128dBm). .01-1.5MHz Less 
than 1.OfiV for 10 dB S+N/N 

Sensltlvlty (a-m): 1.830MHz Less than 1.2pV for 10dB S+NM 
@ 30°/o modulation, preamp on. Less than 2.OpV for 10 dB 
S+N/N @ 30°/0 modulation. preamp off. .0l-1.5 MHz Less than 
4.0pV for 10 dB S+N/N @ 300/0 modulation. 

Selectlvlty (2.3 kHz filter supplied): 2.3 kHz at -6 dB, 4.2 kHz at 
-60 dB (1.8:l) shape factor. Optional 300 Hz, 500 Hz. 1800 Hz 
and 4 kHz filters are available as follows: 

Ultimate Selectlvlty: Greater than 100 dB 

Accessory Crystal Filters 

SL-300 cw filter: 300 Hz @ 6 dB. 700 Hz @ 60 dB 
SL-500 cw. RTTY Filter: 500 Hz @ 6 dB. 1100 Hz @ 60 dB 
SL-1800 ssblR'TTY Filter: 1800 Hz @ 6 dB, 

3600 Hz @ 60 dB 
SL-4000 a-m Filter: 4 kHz @ 6 dB, 8 kHz @ 60 dB 
SL-6000 a-m Filter: 6 kHz @ 6 dB, 12 kHz @ 60 dB 

Stmng Signal Handllng 
Two-tone dynamic range: 99 dB' 1.830 MHz 
Third order intercept point: +20 dBm preamp off 
Two-tone dynamic range: 95 dB' 1.830 MHz 
Third order intercept point: + 10 dBm preamp on 
Blocking: >I45 dB above noise floor 

'(At tone spacings of 50 kHz and greeter) 

1-1 and Image Rejection: Greater than 80 dB (48.05 MHz 1st i-f) 
(5.645 MHz 2nd i-f) (50 kHz 3rd i-1) 

Agc Performance; Less than 4 dB audio output variation for 
100 dB input signal change above agc threshold. AQC threshold 
is typical..8pvwith preamp off and .25pV with preamp on. 

Attack time: 1 millisecond. Three selectable release times: 
Slow-2 seconds; M e d 4 0 0  m sec; Fast-75 m sec. Also. 
"Off" position is provided. 

Antenna Input Impedance: Nominal 50 ohms 

Audlo Output: 2.5 watts with less than lO%TH.D. into nominal 
4 ohm load. 

Power Requlmments: 10011 2012001240 V-ac 2 10%. 50160 Hz. 60 
watts or 11 .O to 16.0 V-dc (13.8 V-dc nominal), 3 amps 

External Counter Mode (DR-7 Installed): Readout: to 100 Hz. 
Accuracy: 15 PPM ?I00 Hz. Maximum input frequency: 150 
MHz. lnput level range: 50 mV to 2 V rms. 

MmendondWelght: 
Depth- 13.0 in (33.0 cm) excluding knobs 

and connectors. 
Width- 13.6 in (34.6 cm) 
Height- 4.6 in (11.6 cm) excluding feet 
Weight- 18.4 Ibs (8.34 kg) 

540 RICHARD STREET, MIAMISBURG, OHIO 45342 TELEPHONE (513) 866-2421 TELEX 288-017 



Precision instruments providing 
rf radiation control and measuremen? 

for your communication system 

Drake MN-2700 
2kW 
Matching 
Network 
Model 1539 

Drake 8-1000 Balun Model 1510 installed on 
Matching Network. 

Matchlng Network Drake MN-7 Model 1538 

Same features and spec~f icat~ons as the Drake MN-2700, but 
rated at 250 watts continuous. Same width and he~ght ,  but 
only 8.5"(21.6 cm) m depth, and weighs 10 Ibs. (4.55 kg). Meter 
reads 0-300 watts forward power or VSWR. 

The Drake MN-2700 manages rf radiation in the 
areas of impedance match to the antenna, rf power 
measurement, VSWR measurement, reduction 
of harmonic radiation, and antenna selection. 

DRAKE MN-2700 FEATURES 

160 thru 10 Meters Frequency Coverage-With out-of-band cover- 
age for MARS. future band expansions and other applications. 

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

Antenna By-pass Swltchlng-Unique design al lows un i t  t o  b e  
switch-by-passed regardless of which antenna is in use, whether 
coax o r  wire type. No  need to  manually disconnect feedlines. Switch 
also selects various antennas. 

Extra Harmonlc Reduction t o  help fight N I -Drake  Matching Net- 
works employ special "pi-network" low-pass filter type circuitry for 
maximum harmonic rejection. This feature alone makes the MN- 
2700 a worthwhile investment: i t  is a Drake exclusive. 

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

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

Dlmenslons-13.09'W x 4.53H x 13"D including connectors (33.26 x 
11.5 x 33 cm); Weight 11 Ibs. (5 kg). 

DRAKE MN-2700 SPECIFICATIONS 

Frequency Coverage: 1.8 to 30 MHz. Band Switch marked for enced to 200 ohms with the Drake B l O O O  accessory balun (3:l 
160.80. 40. 20.15. and 10 meter amateur bands: however. fre- on 10 meters). Meter: Reads VSWR or forward power. 0-200 
quency coverage between amateur bands IS possible by using watts or 0-2000 watts. Wattmeter Accuracy: 2 5% of readlng 
the nearest band posttlons wtth a small reduction In matching 2 lobof full scale.' Insertion Loss: 0.5 dB or lesson each band 
capablllty. Input Impedance: 50 ohms (res~stive). . Load Irn- after tunlng.0 Front Panel Controls: Provldefor theadjustment 
pedance: 50 ohm coaxlal with VSWR of 5:l or less at any phase of reststive and reactlve tunlng. antenna switching. band 
angle (3.1 on 10 meters) 75ohm coaxial at a lower VSWR can be swttchtng. VSWR cal~brat~on, and selectton ot watts or VSWR 
used Balanced Feedllnee: With the Drake 0-1000 accessory funct~ons of the meter. Rear Panel Connectors: The rear 
balun, whlch mounts on rear panel, tunes feed point lmped- panel has four type SO-239 connectors (one tor input and 3 lor 
ances 01 40 to 1000 ohms, or 5:1 VSWR referenced to 200 ohms outputs), three screw termlnal connections (for long-wlre and 
(3-1 on 10 meters). Long-Wlre Antennas Feed point imped- open-wlre feeder systems). and a grouna post. 
ances up to 5:l VSWR referenced lo 50 ohms. Also. 5 1  refer- 



really a "secret weapon" 
for 760 meter enthusiasts! 

The Drake MN-2700 and MN-7 Matching Networks 
have a truly unique antenna feed switching design 

Both matching networks will completely 
change the mode of a balanced-line fed 135 
foot doublet to a special configuration that 
provides very effective 160 meter performance. 
And best of all, it's done with the simple flip of 
a switch on the front panel. 

Consider a typical all-band antenna set-up-a 
135 foot doublet, center-fed with 60 to 70 feet 
of balanced line at a height of 45 to 60 feet. 
The Drake MN-2700lB-1000 or MN-7lB-1000 
will match this as a true balanced system on 
80 thru 10 meters. (Fig. 1) 

But what about 160 meters? Many amateurs 
recommend tying the feeders together and 
using the antenna as a vertical with a "top- 
hat." In fact, we suggest this ourselves 
in our manual. 

However, the use of this, or any vertical. 
assumes you have a good ground or radial 
system for efficient operation. If you do not 

have enough room or do not wish to install 
such a radial system, performance may 
suffer. And if you do have radials. you still 
have to change the feeder connections each 
time you operate 160 meters. 

On the other hand, when you use the 
MN-2700/B1000 or MN-716-1000 simply leave 
the feeders in the balanced connection as 
you would for 80 thru 10, and move the 
special antenna selector switch to Position 
No. 4. This automatically converts half of the 
antenna and feedline to an inverted "C' ,  fed 
through a 4:l impedance transformer, with 
the other half operating as a counterpoise. 
(Fig. 2) 

This system offers the convenience of "stay 
in your chair" operation, while providing an 
effective means of operating 160 meters with 
a relatively small antenna. 

Fig. 1: 80-10 meter 
configuration 
(pos 3lbal on 
MN7 and MN2700) 

To matching pk Network 

Fig. 2: 160 meter 
inverted "C'  
(pos 4lunbal on 
MN7 and MN2700) 

To matching 
Network 

- ~ ~ L w ( l : l  or 4:l) 



TWELVE 
DIGIT 
DECODER 

Decodes digits 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, and I .  
Twelve Svol t  output lines. 
Isolated 5000 ohm input. 
Operates from any DC voltage + 12 to +30 volts. 
Output drives TTL logic or relays. 

MODEL T2 549.95 MODEL AR-3 549.95 
Decodes one Touch-Tone Sequence decoder. 
digit. Connects to 12-digit 
Available for digits 1, 2, 3, decoder. 
4,5,6,7,8,9,0;,andI). Three digits must appear in 
Also for digits A, 0 ,  C. D. correct order and timing to 
Relay output SPST % amp. close output relay. 
Operates on any DC voltage For foolproof secure 
+ 12 to + 30 volts. signalling. 

Send for free brochure. ORDER TODAY. Add $3 shipplnglhandling. 

I short circuits 
I matchbox plus two 

In the pictorial diagram of the 1 switches in the July issue of ham 
radio (fig. 2, page 461, the wire from 
the balanced line terminal to the front 
deck ground terminal should be re- 
moved. The switch contact should 
remain grounded. 

memory keyer 
The schematic and PC layout of 

the deluxe memory keyer (figs. 2 and 
6) in the April issue should show the 
three display-driver counter ICs 
(U5D. U6D. and U7DI as 7490s. not 
7493s. 

biquad bandpass filter 
Author NBDE has written to point 

out that the two values of C in the bi- 
quad bandpass filter (June issue, fig. 
1, page 70) should be equal for eq. 1 
to be correct. In fig. 1 both values of 
C should be 0.1 pF. Also, placement 
of the left-hand IC on the PC board 
(fig. 2) is reversed; the notch should 
be oriented toward the lower edge of 
the circuit board. 

rotator starting 
capacitors 
Dear HR: 

In "Ham Notebook" in ham radio 
magazine for June, 1979, W1JR r e  
ports on a common Ham-M rotator 
problem involving the electrolytic 
starting or phasing capacitor. The ca- 
pacitor is in an ac circuit and is made 
up of two electrolytics connected in 
series, back to back in polarity. Each 
ac cycle places the full reverse poten- 
tial across each section, in turn, 
which leads to eventual failure. At the 
suggestion of my friend Tony Abate, 
I connected two diodes across a pair 
of 120 pF electrolytic capacitors as 
shown below. In this circuit the indi- 
vidual capacitors are not subjected to 
a reverse polarity. I have used this ar- 
rangement for over seven years with- 
out any problems. 

I. L. McNally, KGWX 
Sun City, California 
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HY BUY A 560OA: Because 95% of the assembly is completed by DSI 
nd you are only one hour away from solving all those difficult bench 
roblems, from setting the frequency of a audio signal to within 1/10 of a k 
Z, to checklng the frequency of a 486 MHZ mobile radio. Whether you 1 . . '  
re servtclng a VTR, trouble shooting a PLL circuit, the 5600A is the right 
ounter with accuracy that will meet any FCC land mobile, broad- 

I ast, or telecommun~cat~ons requlrements. On the bench or in the field 
he 5600A will do the job you need. The 5600A Includes a self contatned 
attery holder providing instant portability or we offer a 10 hour recharge- 
ble battery pack option. Other options Include a audio multiplier whlch 
llows you to resolve a 1/1000 of a HZ signal and finally a 25db pream- 

plif~er wlth an adjustable attenuator making the 5600A perfect for 
ommunications. TV servicing, industrial testing or meet~ng your QSO 
n the correct frequency every time. 

FACTS ARE FACTS: With the lntroduct~on of the 560OA. Thesun has se: 
on the competition. Th~s may sound l ~ k e  a bold statement on the part o' 
DSI BUT FACTS ARE FACTS. No counter manufacturer except DS 
offers a Full Range 50 HZ to 600 MHZ counter with - 9 Digits - 0.1 H i  
resolut~on - .2 PPM 10" to 40 " C proportional oven - RF pre-amp - 
600 MHz prescaler - three selectable gate tlmes -oven ready, standb) 
and gate hme indicator lights as standard features - For only $149.95 ki' 
and 5179.95 factory wired. In facl the competit~on doesn't even come 
close unless you consider $200.00 to $800.00 close. W~th  DSI havinq thc 
t to quality features ratio in the indus VE 

t ne of the world's largest manufacture1 'e 
i unter instrumentation. 

lest price 
lecome o 
luency co 

try, no WI 

'S of high 
Dnder we' 
quality fr 

3550 OWNERS 
You can add the 
35P.2 .22 PPM 
10' to  40' C 

proport ional oven 
t o  y o u r  

existing 3550 

A m r w  
ModM Pr(c Or., t 

3 

.empmhlr. 'W 2 5 M S M 1  uI. 

5600A-K $149 Y> sum-ouumnr rroporl~onal Oven OUMV IUMJ .., ,,,sh .11: v n r  U! 

5600A-W f 179.95 .2 PPM 10'-4O0C 8.2-14.5 VDC 

3550 99.95 50Hz-550MHz TCXO 25MV 25MV 75MV 8 .5 lnch '115 VAC or 
1 PPM 17'-40-C 8 2-14.5 VDC 

500HH $149 IHZ-550MHz TCXO 25MV 20MV 75MV 8 .4 Inch '115 VAC or 
1 PPM 17"-40-C 8.2-14.5 VOC 

or NlCAD PAK. 

DSI INSTRUMENTS, INC. 
7924 Ronson Road 

San Diego. California 92111 

Sin  
H W D  

3'%" X gll" X 9" 

2'." x 8" x 5" 

1" x 3'i." x 5'1" 

5600A Kit . . . . . . . . . . . . . . . . . . .  $149.95 
................ 5600A Wired 179.95 

.......... AC-9 AC Adaptor.. 7.95 
.............. 1600 BNC Ant. 7.95 

BUILT-IN OPTIONS 
BA56 Rechargeable 
10 Hr. Bat. Pack . . . . . . . . . . . . .  24.95 

!%ma w,rrn Iilrlnry hu ...-" ........ Ilm~tsd warrnnty 5600A I 8 t  W dey I lmllM wrrronty 'Wtth AC-9 Adl lo t~r  

- - - i i o ~  Ant.. ..................... $3.95 TERMS: MC . VISA AE Check M O  - C O O  U S  ~ u n d s  AM56 Audio Multiplier 
Plrilsr. add 10% 10 R rnaxlmurn 01 510 W lor shlppcng. hnndtlnn 9C-9 AC Adaptor. ............. 7.95 ,,, ,,,,,,,,, ,,,,, ,,,,,,,, ,,, ,,,, , ,,,, ,,  ,,,,,, ,,, .001Hz Resolution ........... 34.95 

35P.2 ......................... 29-95 57000 nddtllon to covor a ~ r  shlprncnl ~ a l l t o r n ~ i i  rest~prlts PA56 25dB Preamplifier 
n s  Sates Tar  

Factory Installed ............. .49.95 with Attenuator.. ............ 59.95 



Regular Price $79.95 nMETRAc 

FIRST T I M E  O F F E R  Introductory Offer . Sleek modern  s t v t ~ n g  IO complement 

the microcomputer any  home OI o l t lce decor 
By . Tells the  t lme . Tells the  da le  and  year 

appointment clock s69g95 u p . t t m e ~  to  60 mtnute3, 59 second5 
w f ~ h  pause 
A la rm to  r lng  at the  same I tme.  

A NEW SOLUTION FOR SOME FOR THE STUDENT 
OLD PROBLEMS i ~ m e r  tor chemlrtry lab h'o tab Timer for . Dally a p p o ~ n t m e n t  sets appotnttnenls lor 
votlr 5po l ;~ r  N I  ~ P Y I O  be upset w ~ t h  you lor solvng problems or pleparal~on lor exams the  next 23 hours .  59 mtnl t tes 
mlrsrng ,$ t)~rll~Ody FOR THE GOURMET COOK Fu lu re  appotn lmen ls  up to  one year 
YOU! lluslnesr assmlales wltl be uleaseo Alar!rls 10 IPII W ~ P , ,  10 ~ t ~ t  next step 
when you re never late tor appo~ntments meal preoaratlon BY programrt~tng the timer 

. swtlch lor display 
vour doctor WIII I I~  contldent that you are yo,, 11 inow Memory  will hold up l o  30 

an elaborate meal must DP llrepared so appolnlmel l ts.  
everylhlnq w~lt  be ready at the same !'me . L l l h l u m  power cel l  to  retaln memory 

FOR THE BUSY EXECUTIVE Helps YOU keep track 01 reclpe tlnl~nq dur tng  power outage 
Controls length ol b~rrlness meetrnqs FOR THE SALESMAN A p p o ~ n l r n e n l s  entered o u l  o l  

RELAX AND LET nMETRAc ~ ~ ~ ~ $ I ~ ~ m : ~ l , ~ ~ , ~ ~ ~ , " , " C " , , " ~ : \ ~ : O ,  ;y~;;~;:;~;;;;j,;;';g;;~; easy chronologlcdt order WIII b e  slored 111 
DO YOUR REMEMBERING. cledr YOU, desk Rem~rlder 01 wtte 5 ntrth. chionologlcal  order 
IMETRAC t1t.111, ,~l.l,t,jijt, wii  US., day Reminn~l to (,11cn plane tor cmponanl 

apDoinlrnenl Is rcheduled Colon l lashes once eacn second 
schroue rncreases your r t t ~ ~ l e n c y  Every bli5tnp%r tr~t, FOR THE PHOTOGRAPHER . A M / p  M ,ndlcator home And 0 1 1 1 ~ ~  nreo5 IlMiTHAC FOR THE HOMEMAKER T,mf:r tor ph0toqraph8c OeveiOpmPlll Lllaln 

TIMETRAC - THE CLOCK Re ,,,, to take nlral ol free,e, lo, Can Insert red d~gl lal  d~spirv IIIIPI to ~ Y O I O  P lugs  lnlO any  Wall Outlet 

THAT REMEMBERS "PI Kltchell tlnle, Hem8nfler 01 tertnls dates 
damag'nq ''In' 

t n , h  r thr z,, I I I ~ Q  , i  11rw tlme-mlnder lhal ano hat! o,esrer anun~ntmants FOR THE ATTORNEY 
romnioer 5ti.ti r nqe le~nnotngy with every FOR THE MOTHER 
day ~ ~ l d ~ t l l l l ~ l ~  11 lemrmhers and remlnds f,n,e ch,la,en5 [inone i,,,, r ,  nomewrk, pnone calls researrh Tlmrl with nu~lt  ~n 

ot rverylhlnq 1Rdt yoa lnight lorget 
~ n e r r a r  camntner rmnrt madern ocslgn 

muS'c praCtce Wake Ch'ldren lor SchW1 pause caDan~l8ty provides .murate way ol T H E  T l M E T R A C  C O M P U T E R  
t~nllr,g speech pre5entatlonr 

~ 8 t h  prec~rton and pertarmance 11s vacuum FOR THE SENIOR CITIZEN A P P O I N T M E N T  A L A R M .  
tl~oresccnt dlsptay provides reaaablllty trom Men,~al#on ,em~noer Rrol~nder ot qrand. FOR THE SECRETARY E l t ~ c i e n l  Remarka l~ le  
a orstance (thp largest dl5p1ay on the market chlloren s b~rtr~d,lys doctor appointments The recretary s nest Irlenn Remembers lo 
today) vau control the "(\play brtgntness ~ a 5 y  to read tnryP msrllry wandrrttit p ~ t t  remfnd the boss 01 key appointment, T~mes your salrsrllan lor a demonSlralton 
wiln a dlnlmcr swltch 101 Mom and Oact length ot phane cdlls 

TIMETRAC SOLD 

THE ONLY CLOCK OF IT AND DISTRIBUTED 
BY HAL-TRONIX. 

SEND 1% STAMP OR S.A.S.E. FOR INFORMATION AND 
FLYER ON OTHER HAL.TRONIX PRODUCTS. 
T O  P H O N E  O R D E R  I N  1.3152851782.  

490-1  An t .  T u n i n g  U n i t  
(Also known as CU1658 

ARC-51 BX Transce ive r  
(Also known as RT-742) 

Highest p r i c e  paid f o r  these units. Parts purchas- 
ed. P h o n e  Ted, WPKUW collect. We will  t r a d e  f o r  
new a m a t e u r  gear. GRClO6, ARC105, ARC112 and 
some a i r c r a f t  u n i t s  also r e q u i r e d .  

We stand on our long term offer to p a y x m o r e  
than a n y  other bonafide offer. 
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CALL TOLL FREE 

' Communications Center 
443 N. 48th. L~ncoln, Nebraska 68504 In Nebraska Call (402)466-8402 I 

More Details? CHECK-OFF Page 126 september 1979 95 



7 A S C I I  MORSE R T T Y y  
MORITOR $149. COMPUTER 

A u t o  Sync. 1-150 WPM 
Mic rocompu te r  I n te r face  

C O m E T E  
lLEYBOARD 
TERMINAL 

l L . 3 ~  Monslorl 

ALONE VIDEO BOARD 
Par t~a l  K I ~  $99. 
Full Kit $167. HRS-100 

Assembled & Tested $197. 
MORSE 
(TWRX) J 

Par t i a l  Kit 098. 
FUII Kit *11S. 

KEYER OPTIONAL Assemb led  h T e s t e d  *18S. 

I G.E. Porta-Mobils I 
1 2 Meters - 8 Watts I 

With Ni-Cad Supply $268. 
Microphone for above $15. 

ANTENNA COMPONENTS 
Antenna wire, stranded Y14 copperweld.. ............. $ .06 It. 
Antenna Wire, stranded XI5 copperweld .............. ,055 It. 
Antenna wire, stranded k16 coppemeld.. ............. .05 ft. 
Van Gorden HI-0 Baluns. 1:l or 4:l .................. 9.95 ea. 
UnadilldReyco, WZAU Baluns. 1:l or 4:l ............. 14.95 ea. 
Van Gorden HI-0 center insulators ................... 4.95 ea. 
UnadilldReyco. WPAU center insulators.. ............ 9.75 ea. 
Ceramic "Dogbone" end tnsulators. pair .................. 9 8  
UnadilldReyco plastic end insulators, pair.. .............. 3.50 
Nylon guy rope. 450 Ib. test. 100' roll ..................... 3.49 

...................... Poiy guy rope. 275 Ib. test. 1M)' roll. 3.00 
UnadilldReyco WPVS Traps. KW-10 thru KW-40 ...... .21.95 pr. 

.................. Belden 8214 RG-8U type foam coax.. .28 11. 
................... Belden 8219 RG-58 A/U loam coax. .ll ft. 

Berk-Tex 6211 RG-8X foam coax.. Ultrallexible.. ....... .15 ft. 
Arnphenol 83-1SP PL-259 silver plated connectors .... .75 ea. 

............... Amphenol UG-175lU adapters (RG-58) .25 ea. 
....... Amphenol UG-176/U adapters (RG-8X. RG-59). .25 ea. 

....................... Arnphenol PL-258, stra~ghl adapter 1.07 

LARSEN MOBILE ANTENNAS 
............... Larsan Mount LM-150 2 mtr, whip and coil .21.65 

............................ LM-MM magnetic mount .13.29 
................................ LM-TLM trunk Ild mount. 12.77 

New Motorola type mount. NMO-150 2 mtr. whip and coil ,2322 
......................... NMO-MM magnatlc mount.. 14.91 

........................... NMO-TLM trunk lid mount 15.98 

Other Larsen Models Available 

Complete Palomar Engineers Line Available 

Centurion International Rubber Duck Antennas in Stock 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE V I M  

All ltems F.O.B. Llncoln, $1 W minimum shipping. Prlca sub/ect lo change 
without notice Nebraska ,&dents please add 3 5  tax 

g & C Cornrnu~icatiofis 
730 Cottonwood Lincoln, Nebraska 68510 
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FREE! 
RADIO AMATEURS 

WORLD ATLAS 
wlth purchase of f a m o u s  

CALLBOOK 
MAP LIBRARY! 

Here's an offer you can't refuse! You 
receive three, information-packed, Ama- 
teur Callbwk maps, folded, plus the 
World Atlas for only $3.75 plus $1.50 
shipping and handling. If purchased 
separately, total value of rnaplatlas offer 
would be $6.25, plus shipping. You save 
$2.50 and get these invaluable radio 
amateur aids! 
1. Pmh Map of the World, folded. 

World-wide prefixes. Shows 40-zone 
map on one side. 90-20ne map on the 
other. Size 40 " x 28" 

2. Map of North Amerka. folded. 
Includes Central America and Carlb- 
bean to Ihe Equator. Shows call 
areas, zone boundaries, prefixes, etc. 
Size 30 " x 25 " 

3. Great Chcb Chart of World, folded 
Centered on 4 0  O N ,  100" W. Shows 
cities, latitude, longitude, great circle 
bearings and more! Size 30 " x 25 ' 

Plus special FREE bonus! 
The Callbook's own Radlo Amateur 
World Atlas, FREE with the purchase of 
the 3 maps. Contains eleven full color 
maps of the world, looking at things from 
the radio amateurs point of view. 

Callbwk Map Library $3.75 
Shlpplng $1.50 

Total 55.25 

Emblem Patch 

Pegasus on blue field, red tener~ng 3 .  wlde x 

Order lrom your lavwils eMlronkr dealer or olrecl lrom the 
publllhar. All dlract ordsrs add $1 50 lor rh8ppnQ llllnols 
res~dents add 5% Sales Tax 

IWM u l m n  

Dept. FN 
925 Shemood Drive 
Lake Bluff. Ill. 60044 
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Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 

Transmitted Signal Directly From the Coax Line. 

Only $9.95 
plus 1 .OO postage 

FINALLY! A RF PROBE that lets you con- USE IT  0 
nect into your coax cable for frequency FREQUENCY. The CoaxProbe' has a range 
measurements and modulation waveform of 1.8 to 150 mhz. 
checks directly from the transmitter. MONITOR YOUR MODULATION 
JUST CONNECT THE CoaxProbe* into WAVEFORM. With an oscilloscope of pro- 
your transmission line and plug the output per bandwidth, you can check your 
into the frequency counter or oscilloscope. modulation for flat-topping, etc. Ideal for 
Insertion loss is less than .2db so you can adjusting the speech processor. 
leave it in while you operate. NOW YOU CAN MONITOR SIGNALS 
A NECESSITY IN ANY WELL-ORGAN- when connected to the dummy load, 
fZED HAM SHACK, the CoaxProbe' eliminating unnecessary on-the-air radia- 
elim~nates "jerry-rigging" and hassles tion. 
when tapping into the coax line is desired. AVAfMBLE FOR THE FIRST TIME TO 
A SPECIAL METHOD OF SAMPLING AMATEURS. Try it for 10 days. If not 
keeps output relatively constant with a satisfied, send it back for refund (minus 
wide variation of power. Power output of 8 shipping charges). 
watts gives .31v out, while 800 watts will Order today from: 
give 1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts 
PEP rating too! Eagle Electronics 
'Trademark ot Eagle Electronics. Box 426 0, Portage. M I  49081 

Michigan Res. Add 4% Sales Tax 

Call or Write for Delivery or Quote 

KENWOOD TS180S 

LEAVE A MESSAGE & WE'LL CALL YOU BACK! 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON. TEXAS 71002 
7131658-0268 

MASTERCHARGE * VISA 

All prices lob Houslon, excepl where ~ n d ~ c a l e d  Prlces sublet1 lo change 
vblhout nottce. all ,!ems guaranteed Some #terns sublet1 prlor sale Send 
lellelnead lor Dealer prlce lbsl Texas reslderlls add 6'.  lax please 
ada poslage esl~rnale. SI  00 mlntrnum WSGJ WSMBB KSAAD NSJJ 
AGSK. WSVVM WDSEDE K52D WASTGU WBSAYF KSRC KSBGB 
WB5USV 

::::$$ 
C ? " .  = ; d Z : s . j  8. 

0 -o . .o> ."' 
yi::-:. 3: 

U $;::G:Z 6 2  g -. 0;:; 5; 
g 2 : ; r i  Eb g g,,-siif =" +,:- gi 

z Bnyrm*g I -  

Z --:?&" :: 
Yo-,==;* 2; 

L !"?. ; a  
Ibz&G:% - 



! TO: All Amateurs 

! 1 
FROM: Wilson Systems, Inc. 

, 
j 

Inflation . . . gas shortagn . . . etc., all leading t o  higNr p r i m  each w r k ,  and cutting 

into the amount that we have to spend on our hobby. And f m  it, our hobby is what k r p s  1 us yne in this runaway inflation period, our escape from the hustle and hectic wind of 

wwking to  make a living. We know - we see the same price increases at the grocsry stme, 1 the *me increases in the gas prices. Wilson Systms, Inc.. is wing to do something to help 
' ease the purchase of your new tower and antenna. i 

As you may know, in January of 1979, R- Elrtmnics, Inc.. purchad Wilson 
Electronics Corp. What you may not know is that in Auct~st, 1979. Jim Wilson purchad 
back the antennas and towers. There is now a new name to look for - WILSON SYSTEMS, 
INC. - With the new name and new mmpany mmes new ideas, methods. produds and 
prices, Yes, prices. But not what you might expect. Wilson Systems i s  LOWERING the prices 
to where you will find it hard to believe. Check them out in the following pages of this issue. 
You will be surprised and pleased at what you will find. 

What are we doing that will enable us to lower the pricea? Well, we are Hams, too. We 
like to pay the lowest price possible and will spend much time assuring ourselves this is 
ammplirhed. We feel the same higher demands on our money for the houn, food, and btlls. 
And as this demand increases, the amount of money left for our hobby decreases. So when 
money is  spent, we want the best quality for the best price. 

There are a number of ways to bring the cost of a product down. By using a cheaper 
grade of material, buying raw materials in larger quantities to obtain a better discount. by 
cutting the profit ratio, and by eliminating the middk man. Wilson Systems will not low* 
the quality of the product. In fact, we have improved the strength and quality of almost 
every antenna in the line. The newly designed monobandas will stay up under heavy icing 
conditions when others are falling apart. Wilson Symms is currently purchasing at the 
lowest price possible from the aluminum companies. so these methods of cost reduction are 
eliminated. The third method mentioned is  one that we have decided to consider as a pafl of 
the overall cost reduction plan, yet leaving room for research and development expense, so 
we may bring you the products you want and at a price you will like. 

The last method mentioned is  always a risky one. The dealers do not want their profits 
cut back just as you do not want your pay check cut. If you cut the dealers' profits back. 
some of them will just push the product that will tend to give them the most profit, rather 
than the one that will be the best performing for you, A rather drastic form of this method 
is the one that Wilson Systems will be choosing You will not be able to find the Amateur 
products of Wilson Systems in stock at the dealers, not will they probably recommend them. 
(After all, as long as they're not handling them and making a profit, why should they pro- 
mote or even recommend them?) No, you will only be able to enjoy the most product for 
the least money by dealing with Wilson Systems factory direct. We will be offering you the 
amateur antennas and towers at prices that are blow, in most om, what the dealers pay for 
the products of other companies. And to make it even easier, we have a toll-free number for 
you to phce your order. Now isn't this what you've been looking for? The best product for 
the least money! 

Just remember these four points: 
1. Highest Quality 2. Lowest Price 3. Toll-Free Order Number 

The fourth point? Remember the name. . . WILSON SYSTEMS, INC. 

Yours Truly. 

I Jim Wilson 
Wilson Systems, Inc. 

I 
I 
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-- 4 BAND 
I TRAP VERTICAL 

I (10 - 4 0  METERS) 

No bandswitching , '  1 necessary with this 
vertical. An  excellent 

i low cost DX antenna 
with an electrical quarter 

;1 ~ wavelength on each band 

A trap loaded antenna that performs like a bandswitching is automatically made v i a  the / 
monobander! That's the characteristic of this High-Q Wilson traps. Designed to handle the ', 

and low angle radiation. 
Advanced design 

six element three band beam. Through the use maximum legal power, the traps ar provides low SWR and 

of wide spacing and interlacing of elements, each end to provide a weather-proof seal exceptionally flat 

the following is  possible: three active elements against rain and dust. The special High-Q traps response across the full 
width of each band. 

on 20, three active elements on 15, and four are the strongest available in the industry 
active elements on 10 meters. No need to run today. 
separate coax feed lines for each band, as the 

SPECIFICATIONS resonant points with 
Band MHz . . . . . . . . . 14-21-28 

Easily assembled, the 
WV-1A is  supplied with 
a hot dipped galvanized 
ase mount bracket 

mast driven in the 

SPEOIFICATIONS: 

Input Impedance: 50 a 
Powerhandling capability: 

Capable of handling the Legal Limit, the Superior clamping power is obtained with 1 
"SYSTEM 33" i s  the finest compact tri- the use of a rugged ' /ap'  thick aluminum plate 
bander available to  the amateur. for boom to mast mounting. 

Designed and produced by one of the 
world's largest antenna manufacturers, the 

The use of large diameter High-Q Traps in 

traditional quality of workmanship and tri-bander and at a very economical price. 
materials excells with the "SYSTEM 33". 

New boom-to-element mount consists of A complete step-by-step illustrated instruc- 
two 1/8" thick formed aluminum plates that tion manual guides you to  easy assembly and 
will provide more clamping and holding the lightweight antenna makes installation of 
strength t o  prevent element misalignment. the "SYSTEM 33" quick and simple. 

SPECIFICATIONS I 
Band MHz . . . . . . . . . 14.21.28 Boom (0 .0 .  x length). . . 2" x 14'4'' Wind loading at 80 mph . . . . 114 Ihr. The GR-l' is the cotnplete 
Maximum power input. Legal llm,t No. elements . . . . . . . 3 Assembled weight lapprox.) . 37 Ihs, 1 ground radial k i t  for the WV- 
Gain Idbd) . . . . . . . . Up to 8 dB Longer1 element . . . . . . 27'4'' Shipping weight lapprox.). . . 42 Ibs. 1 A. It C O ~ S ~ S ~ S  of: 150' of 7/14 
VSWR at resonance . . . 1 . 3  1 Turning radius . . . . . . . 15'9" Direct 52 ohm feed-no balun required , stranded copper wire and 
Impedance . . . . . . . . 50 ohms Maximum mast diameter. 2" 0 0. maximum wind survival . . . . 100 rnllh 
FIB ratio . . . . 20 dB or better Surface area . . . . . . . . . 5.7 sq. I t .  mpp WILSON 

4286  S. Polaris Avenue 
Las Vegm. Nevada 89103  

(702) 739-7401 
W' 

heavy duty egg insulators, in- 
structions. The GR-1 will in- 
crease the efficiency of the 
GR-1 by providing the correct 
counterpoise. SYSTEMS, INC- Factory Direct Toll Free 1-800-634-6898 1 ' P ,..,an ,we,,,c.,,o ",,",,, ,,,, ,,,I,, h,"," o,,,. 



New, Fmproved Wilson Towers -7 2-9' 

Hinged Base Pl,ltr - Concrete 
Pad, Heavy Duty Winch 

6" 0.0. 

/:: PO' 

,. 

800 Ib. winch FB-61A. 
*Total ly  freestanding with proper base 

The M T - 6 l A  is our largest and tallest freestanding 
tower. By using the R B S l A  rotating base f ixture 

The T T 4 5 A  is a freestanding tower, ideal for  in- the MT.61A is ideally suited for the SY33 or SY- 
stallations where guys cannot be used. If the tower 36, If you plan to mount the tower to your house, b is not  being supported against the house. the pro- caution be taken to make certain the 
per base f ixture accessory must be selected. is properly reinforced t o  handle the tower. I f  not. 

one of  the base accessory fixtures should be used. 

GENERAL FEATURES 
All towers use high strength heavy galvanized steel tubing that conforms to  ASTM specifications 
for years of maintenance-free service. The large diameters provide unexcelled strength. All welding .!.ID 

Udsr I,ItItc, ,lI1oWS 
is  performed with state-of-the-art equipment. Top sections are 2" O.D. for proper antennahotor 

tilted for 
mounting. A 10' push-up mast is included in the top section of each tower. Hinge-over base plates 

. a and rotor 
are standard with each tower. The high loads of today's antennas make Wilson crank-ups a logical 
. . 

1 lie I l tnj i r~l  
towcr t (  '- 

access to anIcri1i 
from the gr 

FEATURES: 
Maximum Height 45' (will handle 
10  sq. f t .  at 38') @ 50 mph 

1 50 mph - ILUU ID. orare wmch 
4200 Ib. raising cable 
Total Weight. 350  Ibs. 

Recommended base accessory: REG1 A. 

FIXED BASE 
The F 8  Ser~es was des~gned t o  Pro- 
vide an economical method of 
movlng the tower away f rom the 
house. I t  will support the tower in 
a completely free.standing vertical 
nnsnr~on whole also hav~na the c a ~ a -  I ' I --- - . 
b ~ l f t ~ e s  of t ~ l t l n g  t h ~  tower over t o  
provtde an easy access t o  the an- 
tenna The rotor mounts at the top 
of the tower In the conventional 
manner, and wil l  not rotate the 
complete rower. 

FB-45A. . . S 79.95 
FB-61A . . . 109.95 

ROTATING BASE 
The R 8  Ser~es was des~gned for the 
Amateur who wants the added con- 
venience of being able to work on 
the rotor f rom the ground position. 
This series of bases wil l  give that 
ease plus rotate the complete tower 
and antenna system by  the use of  a 
heavy duty thrust bearing at the 
base of the tower mounting posi- 
tion, while still being able t o  t i l t  
the tower over when desiring t o  
make changes on the antenna 
system. 

RB-45A . . . $1 19.95 
RB-61A . . . 179.95 

4286 S. Polar~s Avenue 
Las Vegm, Nevada 89103 

(7021 739-7401 
SYSTEMS, INC. Factory Dlrect TOII Free 1.800-6346898 p-mcesar 

T~lt ing the tower over 
is a one-man task with 

the Wilson bases. 
(Shown above is 

the RBS lA . )  



MIZhSON MONO-RAND REAMS 

where .. , 

At  last, the antennas that you have been waiting for are here! The top 
quality, optimum spaced, and newest designed monobanders. The Wilson 
Systems' new Monoband beams are the latest in modern design and incor- 
porate the latest in design principles utilizing some of the strongest mater- 
ials available. Through the select use of the current production of alumi- 
num and the new boom to element plates, the Wilson Systems' antennas 
will stay up when others are falling down due to heavy ice loading or 
strong winds. Note the following features: 

1. Taper -- - Swaged Elements - The taper swaged elements provide strength 
it counts and lowers the wind loading more efficiently than the convenrlonal I 
method of telescoping elements of different sizes. M-520A 

2. Mounting Plates - Element to Boom-- The new formed aluminum plates provide the strongest method of mounting the ele. 
ments to the boom that i s  available in the entire market today. No longer will the elements tilt out of line if a bird should land 
on one end of the element. 

3. Mounting Plates - Boom to Mast - Rugged 114" thick aluminum plates are used in combination with sturdy U-bolts and 
saddles for superior clamping power. 

o holes drilled in the elements of the Wilson HF Monobanders. The careful attention given to the design has 
made it possible to eliminate this requirement, as the use of holes adds an unnecessary weak point to  the 
antenna boom. 

With the Wilson Beta-match method, it i s  a "set it and forget it" process. You can now assemble the an- 
tenna on the ground, and using the guidelines from the detailed instruction manual, adjust the tuning of 
the Beta-match so that it will remain set when raised to  the top of the tower. The Wilson Beta-match 
offers the ability to  adjust the terminating impedance that i s  far superior to the other matching methods 
including the Gamma match and other Beta-matches. As this method of matching requires a balanced line. 
it will be necessary to use a 1 :1 balun, or RF choke, for the most efficient use of the HF Monobanders. 

The Wilson Monobanders are the perfect answer to the Ham who wants to  stack antennas for maximum 
utilization of space and gain. They offer the most economical method to have more antenna for less mo- 
ney with better gain and maximum strength. Order yours today and see why the serious DXers are run- 

- I ning up that impressive score in contests and number of countries worked. 
W~lson's Beta match offers 
maxlmum power transfer SPECIFICATIONS 

WILSON SYSTEMS. INC - 4286 S. Po la r~s  
Les Vcqac, NV n9103 - (7021 739-7401 

FACTORY DIRECT 
ORDER BLANK 

Toll-Free Orcler Number ~ 
1-800-639-6898 j 

I . . . . .> . -. . . . . . . . . 
I I 

I HD.73 All!ance Heavy Duly Roror UPS 109.95 I 
r- I 

RC-8C 8/C Rotor Cable UPS f pleaFe,+jnr I 
I RG-8U RGBU Foam-Ultra Flexlble Coaxfal I 

I Cable. 38 slrand center conductor. 11 nuage UPS 2 1 t  Name Phone I 
I 

I 

I 
I 

# 

I Pr~ces and spec t f~ca t~ons  subject lo change wllhoul notlce 
I ( city State - Zip I , Nhn~lv Day Llrnnted Warranly. Al l  Products FOB Las Vegas. Nevada. ! 

M-515A 

M415A 

M510A 

M410A 

WM.62A 

5 Elements on 15 Mtrs. 

4 Elements on 15 Mtrs. 

5 Elcmenls on 10 Mtrs. 

4 Elements on 10 Mtrs. 

Mobole Antenna 518 h on 2. '/a h on 6 
~ r , . r  C < ~ I ' J I C ~ :  

UPS 

UPS 

UPS 

UPS 

UPS 

119.95 
7995 
84.95 
64.95 

19.95 

STB.50 I Thrust Bearlnq I UPS 1 18.95 
I Nevada Residents Add Sales Tax I 
I 

Ship C.O.D. Check enclosed Charge to Vlsa MIC I 
I 

Card * Expires I 
I 

Bank + S~snature I 



our uality assurance is your R pe ormance insurance. 
Or~g~nally deslgned for battlefield ruggedness, the microphone elements 
In Shure moblle and commun~cat~ons m~crowhones offer unequaled 
reliability. Our quality control enginec 
conditions. These microphones have 

?rs anticipate the worst possible field 
been subjected to the most rigorous 

tests in the industry, including six-foot drops onto hard floors; violent 
vibration tests: temperature variation tests ranging from a bitter -54°F. to 
a searing 185°F.; and 100% humidity lesls. We've even dragged them 
behind automobiles on open roads and subjected them to a battery of 
corrosion tests. And yes, they really work after all that! 

7-1;; . *7$ Exclusive Three-Way Flex Tester 
Shure knows that the single most common cause of microphone 

8 malfunction is failure of the cord. An exclusive Shure-designed 
3 story-and-a-half tall microphone cord tester dishes out more abuse than 

the average microphone gets in a lifetime. 
Stretch, rock, and twist: first, the cord tester stretches the microphone to 
the full length of the cord. Then it simultaneously rocks the microphone 

I 270" at the end of the cord while it gives the microphone a violent 90" 
twist in two directions. And this goes on day after day! 

3-D Shake Tester 
A microphone that fails spells 
disaster for a mobile com- 
munications system. Every Shure 
microphone IS deslgned to I w~thstand hours m our brutal 30 

1 Shake Tesler - simulating years 
of driving over rough, bumpy 
roads 

Million-Cycle Switch 
Tester 
Another abused mlcroDhone 
component IS the swltch 
Shure-des~gned long-life leaf 

k" swltches owerate wlth a WIDI~Q 
actlon that reslsts the bu~ldupbf 1-iiC - .  corros~on and dlrt And Shure's 
onaolna tests show lhat they - - 
continue lo make contact reliably 
and positively after one million 

/~hure Brothers lncJ 
on the back of your 

mobile conm~nication~ microphones ( mobile is your microphone assurance 

- 
Brothers Inc . 222 Hartrey Ave Evan5lon 1L 60204 In Canada A L S~rr~rnonds 8 Sons Llmltecl 

U; Manufacturers of h~gh l~dellty components, rnlcrophones, sound systems and related ctrcultry 

More Details? CHECK-OFF Page 126 septernber 1979 103 



IRON POWDER and FERRITE PRODUCTS 

AMIDApd 
Fast, Reliable Service Since 1963 

' Small Orders Welcome Free 'Tech- Data' Flyer 

Toroidal Cores, Shielding Beads, Shielded Coil Forms 
Ferrite Rods. Pot Cores, Baluns, Etc. I~I:~I<.I~~I.sI:I< I~I:I.I XI: \I~,,CI,C.U,,Y su,,tc,,,,u- 

'I,,"X fr.1 ,,r lilllll~llll ,\ITC 111, ill1 I,11,,,I. ( l l i 0 - I l l  
x ~ ~ ~ ~ , c r n I .  'Tntnc w t t  the 5 lVK on your  z~ntca8nn for 

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 nwrr cf f l r l r .n l  e,llrrttllc,n ~t ranr  ng. l l # # m r .  tncthllr. 

QUALITY AMATEUR RADIO KLAUS EQUIPMENT & ACCESSORIES 

KENWOOD 

TS 520 S TS 600 TS 620 S 
H F  TRANSCEIVER MULTlMODE6-M HFTRANSCEIVER 

TRANSCEIVER 

. . . call or write for the KLAUS price. . . 
YAESU 

FT.901 D FT.227 R 
HF TRANSCEIVER 2-METER FM TRANSCEIVER 

. . . call or write for the KLAUS price. . . 
CUSHCRAFT 

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. 

M A U S  RADNO I",. 
8400 N. Pioneer Parkway, Peoria, IL 61614 

Phone 309-691-4840 
Tim Daily, Amateur Equipment Sales Manager 
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ELECTRONICS 
b '0 0 0 X  1 LAWNl3ALt.  CAL.IF 
SOZF~O 12131 3713 5887 
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lnru TECH M200 I 
-- 

This advanced model in the M-200 Series 
extends the horizons of capability and performance: 

Morse Reception: Video Outputs: 
6-60 wpm wlth automat~c speed 8 32 character l~ne x 1 6  l~ne v~deo with 
wordspace scrolling 

R?TY Reception: 
72 character llne x 1 6  l~ne v ~ d e o  w ~ t h  

4 speeds. 3 sh~fts. unsh~f t  on space 
scro l l~ng 

se lect ,  a u t o m a t ~ c  th resho ld  se lect .  Special Feature: 
auxlllary baudot loop output, tunlng ASCII. Loop or RS232 output on all 
meter. auto speed readout modes 

ASCII Reception: 
11 0 Baud with built-in T.U 

Order direct or from these dealers: 
Global Communications Germantown Amateur Supply Rickles Electronics 
606 Poco Isles Blvd. 3202 Summer Avenue 2800 W. Meighan Blvd. 
Cocoa Beach, Florida 32931 Memphis. Tennessee 381 12 Gadsden. Alabama 35904 

305-783-3624 800-238-61 68 205-547-2534 

Cohoon Amateur Supply 
Highway 475 
Trenton. Kentucky 42286 

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

Ham Radio Center 
8342 Olive Blvd. 
St. Louis. Missouri 631 32 
800-325-3636 

N & G Distributors 
7285 N W 12th St 

Universal Amateur Radio 
1280 Aida Drive 
Reynoldsburg. Ohio 43068 
61 4-8684267 

PANACOM 
P 0 Box 76093 
Caracas 107 Venezuela 

605-343-61 27 Mlam~. Florida 331 26 Marcucci-SPA 
305-592-9685 v ~ a  F. LLI-Bronzetti 

Emona Electronics Milan. Italy 
661 George Street 
Sidney N.S.W. Australia 

1 
-TED 
Spec~alrzlng In Digital - 
Electron~c Systems 

2349 Weldon Parkway St. Louis, Missouri 631 41 (31 4) 576-5489 
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TELEMETRY COMMUNICATIONS a INSTRUMENTATION, CORP. 
10 GHz MICROWAVE TRANSCEIVER 

FEATURES 
LOW COST TRANSMIT RECEIVE 
HIGH SENSITIVITY TELEMETRYIVIDEO DATA 
AFC AC OC OPERATION ^. FUNCTION METER MULTIPLE IF FREOS 
TONE OSCILLATOR MODULAR CONSTRUCTION 
ELECTRONICALLY TUNEABLE WEATHERPROOF CASE 
SQUELCH &VOLUME CONTROLS COMPLETELY WIRED/TESTIO 

THREE MODELS AVAILABLE 
TELEMETRY MODEL TMXIO m O  MODEL r v x t o  TM/VIOEO MOOEL TMIVXIO 

10 GHI 10 MW Gunn Transce~ver 10 GHz. 10 MW Gunn Transcelve~ 10GHz 1OMW GunnTransce~ver 
16 dB Horn Antenna I 6  dB Horn Antenna 16 dB Horn Antenna 
30 MHz Low Norse Pre-Amp 45 MHz Low Nose Pre-Amp 45 MHz Low Norse Pre-Amp 
10 7 MHz Post IF AmplDemod 45 MHz Posl IF AmpIDemod 45 MHz Post IF AmplDemod 
Cryslal IF F~lters Addlo Subcarr~er ModlDemod WfdebandlNarrowband Opefallon 
Inlearated C~rcul l  Modulalor Room lor Ill Vldeo Channels Aut l~o Subcarr~er MndlDemnd . . .. -- 
lnternal Vollage Regulalors Internal Vollage Regulators AFC 
AFC Volume Control AC OC Power Supply 
Tone Osc~llator 

' I 1  OPTIONS PRICE LIST 

45.60.1W. 111 MHz IFFreq Available TMXID . . . . t349'g5 TCI CORP. 
PHYSICAL SPECIFICATIONS Narrow Band Crystal Frlters 

MOOEL TVXlO . . . . . $349.95 411 N BUCHANAN CIRCLE U3 

Size: 6 "h .  x 9 " 1 . x 5 " d .  
MODEL TM/VXlO . . $499.95 PACHECO. C A  94553 

220 Power 8 ,  c,,,:b(nes I M  V~deo Model\, 
Color: Blue Enclosure. Gray Front Panel H~gher Gunn OSC Power Outpul 
We~ght: 3 Pounds 
Speaker Included 
Trlpod or Mast Mounting 
M~crophone Opt~onal 

Higher Ga~n Anlennas TO ORDER CALL (41 5) 676-61 02 
or Wr l l e  f o r  FREE DETAILED DATA SHEET on l h l r  a n d  our  - VHFfUHF TRANSMITTER & RECEIVER PRODUCT LINE 

P!mt?\ S18D1ecr lo Chnm)r W # l l l t i , i l  Nolb r 

W H Y  G E T  O N  F A S T  S C A N  A T V ?  
You can send broadcas? quality video of  home movies, video 
tapes, computer games, erc. at a cost that is less than s lomn .  

s Really improves public service communications for parades, 
RACES, CAP searches, weather watch, etc. 

s DX is about the same as 2 meter simplex - 15 t o  100 m i l a .  

ALL IN O N E  B O X  

HITACHI H V d Z  T V  CAMERA 
High performance closed circuit 
camera just right for atv. w i th  lens 
. . . . . . . . . . . . . . . . $239 ppd 

P U T  Y O U R  OWN S Y S T E M  T O G E T H E R  I 

S E N D  F O R  O U R  C A T A L O G ,  WE H A V E  IT ALL 
Modules for the bu~lder .com~lets  unitsfor theoDerator.antennar. 

TVC-1B CONVERTER tunes 420 
mhz down to  ch 2 or 3 . .  $49.50 ppd 
TXA5  EXCITER . . . . . . $69 ppd 
PA5 10  WATT L INEAR.  . $79 ppd 
FMA5 Audio Subcurrier. $24.50 ppd 

. . 
color cameras, repeaters, preamps. linears, video ider and clock. 
and more. 19 years in ATV. 

1 

ca11z i3-4474565 5-6 pm ur t ime I !  

f \ 

New! Amateur Upgrade" 

Upgrade today! 
Grea t  lor 
ham parties 
and clubs. 
$9.95 each 

Kantronics Amateur Upgrade i s  a n  educational boa rd  game 
t h a ~  familiarizes players w i th  FCC rules governing amateur rad io  
and  elementary radio concepts. T h e  game comes complete w i th  
playtng surface, playing pieces - coil, grommet, e tc  -. a die. 
e x a m  cards and  answer shee~s.  over  100 Novice. General, 
Advanced and  Ex t ra  questions in all. 

Players ro l l  the d ie  l o  determine the number  o f  spaces t o  move. 
Some spaces players land o n  have a consequence such as 
"exceeded 1000 wat ts  - answer question, if w rong  g o  t o  start." 
W h e n  a player lands o n  a n  e x a m  space, h e  must take a n  exam 
card. After three cards have been collected b y  one  player. h e  
must take the exam, hoping to  upgrade. T h e  first W r s o n  t o  
progress through al l  levels t o  ohta ln  the Extra-class WINS! 
Novice e x a m  cards may  b e  used exclusively for beginner play. 

UKANTRONICS 
1211:' I . ~ $ I  2.'3rd 3rwr  The Trom~r~g Companv 
I ~IIIIIIXP Kame, MaI144 Phorr, Ql:I R42 7745 
Wt. nrrp! Vlra Ma\lvr Cllarqe. C I K T ~  em1 mm,nv~ ~,rtkr\ 

1 



SN7476N 35 SN74163N 69 
SN7479N 5 W SN741MN 119 

SN7462N 88 SN74166N 1 2 5  
SN7483N 59 SN74167H 195  ICM7207 O ~ d l U t o l  Contdhr 

SN7425N 29 SN74109N 59 SN74 l IN  9 %  

LM32M-5 135  LM381N 1 7 9  
LM320K.5 2 1 35 LM382N 1 79 LM30UN 

68 OHM 82 DHM I00 OHM 170 OHM i50 OHM 

74LS51 29 71 
74LSY 29 74 
74LS55 20 7 
74LS73 45 74 
74LS74 45 74 
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I R E S E T T A B L E  T O  EXACT FREQ. - BASE TUNED W I T H  L O G  1 
ANTECK, INC. 
BOX 415 - Rt. 1 lg!i@] 
Hansen, Idaho 83334 
208-423-41 00 
Tl ie  mode l  M T - I  M o b i l e  Antenna runes 3 .5  l o  3 0  1 H z  
inclusive. 750 W A T T S  f o r  H A M  B A N D S .  MIL. ITARY.  
M A R S .  M A R I N E .  a n d  C .  B.  Center Loaded fo r  h ~ g h  eff i -  
ciency. E X A C T  R E S O N A N C E .  FULL O U T P U T  f r o m  
Finals. Base l uned  w i t h  logg ing scale a n d  cor re la t ion char t  
f r o m  logg ing scale l o  Freq. - Max.  length- l  I 6  inches a1 
3.5 M H z .  M i n .  length-92.5 inches a1 30 M H z .  3/R ?( 24 
Sld. MI. 
SEE A T  Y O U R  L O C A L  D E A L E R  O R  O R D E R  D I R E C T .  
119.95 E A .  

Deniers - (Inquiries invited) Collins Comrnuninflons 
Clegg Communications McKinleyville. California 
I~ncaster.  Pcnnryl*ania 

- 
C-W Electronics 

Quement Electronics k n v e r .  Colorado 
Sun Jou. California 

- 
- HR Electronicr 

Ross Distributing Muskegon. -n 
Preston. Idshe - T h r n  W. Elrrtronics 
Omar Elcrtronics (Mrssa. Texas 
I)ursnd. Michigan 

- 
- F o r r i ~ n  Dralers 

Burphardl Amvleur Cenhr Dollard E lw t ron in  Lld. 
Halrr lown. So. I hko ta  \ anrouver. R.C.. Canada - 
Radio World Tnk)o Hy-Pnwer bb 
Ori\kan). 3-k Tnk)o. J a p a n  
Amateur Radio Supply am am Radio 
Sraltle. Washington Frankfurt. (;ermany - - 
Radio Place Flectronics Ilnlimitcd Inc. 
Sarramenln. Callfornis St. Thomas. Virpin Islands 
A s ~ c ~ i a l e d  Rmdio 
Olrrtand Park. Kansas 

LESS T H A N  1.5VSWR (ENTIRE T U N I N G  RANQE) - 
CURTIS LSl's 
help you 

8044; Keyer.On.A.Ch1p' ( M ~ ~ M I ) .  $14.95 
AU '75 na. F S ~  '76 osr. RI~IO mu '75. AU nnr '11.70 

...... 8044.3; IC,PCB.Socket.Manual. .24.95 
.............. 8044.4; Seml.Kil.. .54.95 .. 8045; Mone Keyboard.On.A.ChipR:. 59.95 

8045.1; IC.PC8.FIFO.Sockds.Manu~l . .89.95 
............. 8045-2; Semi.Kil.. ,159.95 

.... * 8046; Inslructokeyer-On-A-Chlp IC 49.95 
.............. 8046.1; Sem1.Kil.. .79.95 

8047;.Message Memwy-On-A-Chip IC.. 39.95 * 8047.1: IC.PCB.AAM.Sockets,Manud.. 69.95 
(I& $1.75 an above lor prl1po 1nd hmdung) 

EK.430; CMOS Keyer' (flb.76 O S ~  . . . . . .  124.95 
... IK-440A; Instructokeyer' (~11.78Osn. 224.95 

'now wllh dash rnernoq I: rl#ndlrd 
System 4000 Ham Computer ~:n JIn'78 OSn (w*) 

Curns Elecho Devkrs. Im. 
(415) 984.3136 

Z i 9 0 .  Mml th  Ykw. CA 94040 
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1 RT-524M TRANSCEIVER I 
Covers 136 00 lo 149 95 
Mh7 tn 50 Khz crystal-con- 
lrolled sleps. 15 watts 
outpul. Has volume and 
Squelch conlrols, requtres 
27 VDC 6amps. With lubes 
8156. 218102. 616CW4. 
and 217587. OIA size: 
6-318x3-112x14: 10 Ibs. 

sh Used, no covers . . . .  $54.95 
V A C U U M  V A R I A B L E  C A P A C I T O R :  
50.2000 pf. 3 KV R~ght-angle manual tune drlve wtth 
114"-3/8" dta. ShaH On 5.3/4"x3-114"~3-3/4"mounl 
brackel OIA 10-3/4x3-114x5, 9 Ibs. sh. WC8IB/WRT. 
used . . $75.00 

Use your Vtsa or Maslercharge cards 
All Prices F 0 0 L~ma. Ohlo Please Allow lor Shlpptng 

Send for FREE Copy ol NEW Catalog '79' 
Address Deol HR Phone 4191227-6573 

TEST EQU l PMENT 
nll cqu,prnenl llslCa 81 ~ p c r d l ~ o n e l  and 

~ n ~ ~ n d t l ~ ~ n r l l l y  guaran l~rn M o n ~ y  back 11 no1 
~ r t I , r l , ~ a  P ~ N C S  I tSt~a are FOB Monrov 

Boonton l90A Q m t r  20 '260MHr 
Q 5  17W 395 

GR 1 0 0 1 ~  Stand sng gen 5kHz 
5 0 ~ H z  ca l tb  a t t n  '255 

HPl lOAfUSM140)  30mHzscopewl th  
r e g  horlz dual t race ver t  Pluqs 475 

Tek565 Dual  beam lOrnHz scope 
less p lug  ~ n s  I3  se r~es )  6'25 

URMZS Stand S1g Gen IOkHz 50MHz 
calqb a t tn  225 

We~nsche l  70 Prec R F  a t tn  DC 
I ~ H Z  o 60db.ldb steps4w 395 

L , ~ t ~ ~ ~ l a d t c a  W r ~ l ~ ~ w c ~ f y ~ n q l ~ s l  
cqu~pmcn~ n ~ ~ d s  O U I C ~  rP<ponw ~ L S U ~ C ~ I  

GRAY Electronics 
P 0 B o x  941, M o n r o e ,  M ~ c h  48161 

spec,al,t,nq I ~ U W C I  lratcqu~prnrnl 

*TELESCOPING (CRANK UP) 
*GUYED (STACK-UP) 
*TILT-OVER MODELS 
E a s y  to Insta l l .  Low P r l w s .  

C r a n k - u p s  to 100 (1. 

Van Younbd Crank-Up 
Alum. T a m  

(. 6 db INCREASE IN AVERAGE G?' 1 1 WWER a 

MAINTAINS VOICE QUAUlV 

IMPROVES INTELLIGIBILITY 

NO CABLES OR BENCH 
SPACE REQUIRED 

EXCELLENT FOR 
PHONE PATCH 

NO ADDITIONAL ADJUST- 

* 
"% 

MENTS - MIKE GAIN ADJUSTS 
CLIPPING LEVEL 
UNIQUE pLuc.ln UNIT- NO 
MODIFICATIONS REQUIRED 

and mil i tary use. 

M o d e l s  N o w  A v a i l a b l e  I Collins 32s. KWM-2 . S 98.50 e r  I 
I Drake TR-3; TR-4, TR-6, T R - 4 ~ .  

T.4, T-4X. T4XB, T-4XC $128.50 ea. 
Postoaid - Calif. Res~dents 1 

I add 6% Tax I 
I Watch for other models latart 1 
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flea mi? 
market 

R A T E S  Non-commercial ads 10c per 
word; commercial ads 600 p e r  word both 
p a y a b l e  in advance .  No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
o r g a n i z a t i o n s  r e c e i v e  one f r e e  Flea Market 
ad ( s u b j e c t  to our ed i t i ng ) .  Repeat inser- 
tions o f  h a m f e s t  ads pay the non- 
commercial rate. 

COPY No special  layout or ar- 
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
cap i ta l s )  and must include f u l l  name and 
address. We reserve the right to r e j e c t  un- 
suitable copy. Ham R a d l o  cannot check 
each adve r t i se r  and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness o f  material limited to cor- 
rected ad in next a v a i l a b l e  issue. 

DEADLINE 15th o f  second precedlng 
m o n t h .  

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenv i l l e ,  N.H. 03048. 

WANTED: OEN.35 6 ANIFRW.88 demods.. 10.887 
demux.. and FM ed.plas lor Knight TR-100 6 106. C.T. 
Hulh. 14Schonhardt.Tlllln. OH 4 W .  

MOBILE IONInON SHIELDIN0 provldes more rmpe 
with no n o l ~ .  Available mosl englnea. Many other sup 
presslon accesaorles. Lllerature. Estes Englnwrlng. 9 M  
Marine Dr.. Port Anpeles. WA98362 - 
112' HARDLINE - 3Wl l .  September speclal lor In stock 
1050' Ihru 12M' rolls. 50(1, with jackel. SOlld Coppar 
cenlarconductor. MO' l o  1000' rolls. 4Wll .  Frelphl col. 
Iect. Connectors avallable lnlo - SASE. JRS Elec. 
lronlcs. (WABOGS). P.O. Box 1883.A. Clnclnnatl. Ohlo 
45201 - 
IUY.SELL-TRADE. Sand $1.00 lor ulalog. Glve name 
addressand call tellers. Complete stock of major brands 
new and recondlttoned amaleur radlo wulpmenl. Call 
lor besl deals. We buy Collins. Drake. Swan, etc. 
Assoc~aled Radlo. 8012 Conser. Overlend Park. KS 
88204. (913) 381-5800 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham R ~ I I I O  A Y I I I I ~  Hat. M a n o  Holianu 
F U l f l  MHL E i  ll,ln,rs 
H."Ollll.,,5 P.l\lb"\U 
A 27m w,.nsr N~USIMI NI 7m4 DIIU 
A U 1 I . . l  ""11..1, 

~~aoBa4povm 
Sfrlanuvrc n.m R.dl0ll.l" 
Bruaralls%lan*lbQ at6 SIE y,aManm~o I5 
BP2IBGenl 
BIlOi"m 

Irnl1. Mm8.n" 
11.1" 

"am R a O # o C a ~ a a  
eo. rm cadar~cn 
Ont*~<,? CenaoaN7A4C7 ~ : ~ n ~ ~ ~ w " z e c l ' * a  

Ham R."loE"roP 
PcYtl.cI I154 

Bo.444 
D r s ~ l i n * r r n  

s 1% w uoolan.ssua,av 
W..,? G.lrn."* 

wmcn 

*am R.<,,o F,."C. "am R M ' o  UK 
Cnlmrl,aneMlcNI P O  00.61 *.,,Or 
6 89177 Pa!#, Mmdalrle. HA3615  
Frlnrr  En.l.nd 

".rn R M l O  t a r m n *  
I.,ln"LMr *Ll."d R M I O  
Po(I11arP 1454  t41Crmn*.y 
0 7 8 ~ 0  ~ a r r l c h  GlrrnllOa lO"."".SbUfQ 
we,, cc,m.ny 1.0~n8,r nt south rlrlc. 

More Details? CHECK-OFF Page 1 

FIIEROLASS VAULTIN0 POLES. Perlecl Ouad 
spreaders or VHFIUHF booms SASE lor lnlo K5WSE. 
Box t032H. Cedu Park.TX 70013 (512l2582IE4 

MUSEUM lor redlo hlalorlans and wl lec lon now open. 
Frw admlsslon. Old tlme amaleur W A N )  and commer. 
cIaI stallon erhlbtts. I925 store and telegraph displays. 
15,000 Items. Wrlte lor details. Anltque Wtreleas Assn.. 
Holcomb. N. Y. 14489. - 
USED 1RI.W: THD7122 (122.1001) crMk.up lower; base 
Insulated, plus guy cables 6 Insulators; welghl B50 Iba.: 
IISI $2700: MII $1000 each. F.O.B. Houston. Madlwn 
Electronlcs Supply. Inc.. 1508 McKlnney. Houston. 
Texas 77W2; 181. (71318580288. 
Antenna rnsulators, 4 . m  pound leN, 22.lncher long by 
l ul anches wide. metal ends, clear or Drown. $15-h. 

MOBILE HF ANTENNA. 3.5.30 MHz Incluslve. 750 wall8 
PEP, center loaded coil. luned Imm Ihe base, ellmlnal. 
Inp coll chanplnp or removlnp from mount. Less than 1.5 
to 1 VSWR on all ham bands. 1119.95 each - conl.cl 
your local dealer or order lrom Anleck. Inc.. Box 415. 
Route 1, Hansen. ID 83334. (208) 4234100. Masler 
Charge and VISA cards accepted. Dealer Inquiries 
invlled. - 
"MOON BOUNCE ON ZM" Hu~hes  HC 303,s kW Amp. 
RF deck wllh 8 Slmpwn melers. Flve Fool cablnel wllh 
casters. All componenls lor the power supply l8kV @ 
2A). Varlacs lor Itlamenl and HV. Two spare llnals, three 
tubas In all (4C X 3WOA's). Wlll 00 hall on shlpplnp cost. 
S1.MM.W or besl ofler "Prlnctpals only". Wlll conslder 
trade lor lC-211 and 1 kW Amp. or equlvalenl. WBOAL. 
Dave Cllngerman. 91 Puesla Del Sol. Oakview. CA 93022. 
Phone 1805lMS2161 - 
ATlENTION: UHF M d  MICrowa~e Amateurs. .I la81 a 
slngle source lor your alatbol.the-art Preampllller and 
coaxla1 cornponenls. Send lor l r w  calalcq. Cascade 
Microwave Labs. Rt. 1. Box 25. Jelferwn. OR 97352 

OSL CARDS MOISIO. 400 Illustrallons, sample. Bownun 
Prlnllnp. Oept. HR. 743 Haward. St. Louls. MO BJIM. 

HAM RADIO REPAIR. allgnmenl. Prompl. expert, 
reasonable. "Grld" Oridlay. W4GJO. 3824 Malec Clrcla, 
Sarasota. Florlda 33503. (8131 922.1781. 

AUDIO FREQUENCY OENERATOR: Heath 10.1272. 
Pushbullon plus varlable lrequency sslecllon. Callbral- 
ed output. Brand new condltlon. $120 new. sell lor $75. 
MFJ random ulre antenna tuner. $15. Ameco TX828 6 2 
meler AM and CW transmllter. 80 watts. $50. W881KJ. 
BOX 246. Portage. MI 49001 or call (8161 375749 after 8 
EDT. 

ELECTRONIC BARGAINS. CLOSEOUTS. SURPLUSI 
Pans, equlpmenl, dereo, Industrial, educallonal. Amu. 
Inp values! Fasclnatlng Items unavaltable In stores or 
catalogs anywhere. Unusual FREE catalog. ETCO.012. 
Box 762. Plattsburgh. N.Y. 12901. SURPLUS WANTED. - 
30 AMP POWER SUPPLY. wnllnuous duty. 13.8 VDC 
( I  I 5  VAC Input). Flve year llmlted wananly. Hammertone 
metal case. $124.85. Other models lrom $44.95. Add 
shlpplnp; COD accepted. SASE lor lnfo. JRS Electronlcs. 
(WABOGS). PO. Box 1893A. Clnclnnatl. Ohlo 45201. 

- 
RTIV - Bandpaas actlvs llller 212512295 Hz. k l l  - 
$11.95. WIT $18.95. N S l A  PLL Demodulalor WIT $26.85: 
kl l  - $19.95: board only $4.95. All poslpald. SASE lor 
lnfo. Nal Stlnnelte Electronics. Tavares. FL 32778 - 
WANTED: Hllltop proparty near Pollock Plnea. Callfor. 
"la. WABCOA. 4 Alax Place. Berkeley. CA94708. 

CALL TOLL FREE for an U deal. -247-2478H793. 
lowa call 800382.2371. See ad elsewhere. WIU. Bob 
Smllh Electronlcs, RFO3. Fort Dodge. lowa50501. 

FERRITE BEADS: wlspeelllcallon andappllcellon shwl.  
121$1.00. Assoned PC pols - IOlSl.00. Mlnlalure mlca 
lnmmers, 340 pF. - YS1.W. Postpaid. Includes Ielesl 
catalog. Stamp lor catalcq alone. CPO Surplus. Box 189. 
Bralnlrw. MA 02104. - 
R l W  AFSK Modulalor PC boud. See Feb. 79 Ham 
Radlo. Drilled $5.00 F. E. Hlnkla. 12412 Mossy hrk.  
Auslln. TX 78750. - 
a deals are the  bast^ ~ r y  me and ase for vasu ,  Onke, 
KLM. Swan. Cushcnll. OenTron. VHF Eng.. ICOM, COE. 
HusIIar. Wllson and more. Call, see or wrlle WRZ, Bob 
Smllh Electronlcs, RFO 3, Hwy 169 6 7, Fort Dodw. 1A 
50501. (5151 5753886. - 
WANTED: Motorola KXN ID24 n d  KXN 1052 chmnel 
elements. WABCOA. 4 A l u  Place. Berkeley. CAQ47M). 

THE MEASUREMENT SHOP has uaedlrecondllloned 
test equipment at ssnslble prlces. u ta log 2 West 22nd 
St . Balt~more. MD 21218 - 
MANUALS lor most ham 193711137D. Sand 25s for 
"Manual ~alalog." HI. Inc.. Box H.984. Councll Bluffs. 
lowa51XJ2. 

L N > - ' ~ ^  . . .  5 / 1 6 - 1 2  1*RF135.  MALE S T U D  
hN2-f.50 . . .  t / & - 3 1  I n R E L D S .  
A N ~ - ~ ~ O . . . T N C  T I C E  CONNECTOS. 
.NI I-u-,o.. .1,4 W A V E  FLEXABLE .nlP. 

5 l l 6 - 1 2  IMRELDS.  MALE STUD 

& ~ 1 2 - 4 5 O . . . l l l  W l V E  F L E X I B L E  **I*. 
1 / 4 - 3 2  THREADS. 

I *I,"L! L , * i  TO 

!,'!<' I' ' ! I 1  -n 

PC no! VT l.7R Pt>V5L 
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VLRL ANNIVERSARY OSO PARTY Phone: Wednesday. 
October 10. 1979 at lBDO UTC; ends Thursday. October 
11.1979at laOO UTC. CW: Thursday. November 1. I979 at 
1aOO UTC ends Friday, November 2. 1979 at lsOO UTC. 
All licensed women operators throughout the world are 
Invited lo  parl~clpate. Call CQ YL on any band 16010 
meters, exchange call. QSO number, RS(T). ARRL sec- 
tion or country LOO time. band, dale and power. More 
lnlormalion from Margaret Williams. K14W. 965 Red. 
wood Circle. Vtrginla Beach. VA 23462. 

-- 

HAMFESTERS RADIO CLUE WAHM AWARD: Illinois 
Amateurs to IIllnois Amateurs musl reach tan HAM- 
FESTER members; outside Illinois, but Inside USA, you 
must reach live HAMFESTER members In Illlnots: out. 
side USA, you musl conlacl three HAMFESTERS in Itli. 
maps. Submit a list of conlacts contaln~ng call. frequen. 
cy, date, and handle of HAMFESTER member contacted 
to: Hamfesters R.C.. Box 42792. Chlcago. IL 60642. 

- -- 

NEW YORK: Hamburg Ham.O.Rama. September 14th 
and 15th. 1979 at the Hamburg Fairgrounds. Technical 
meetings, displays. FCC examinations, tnstde.oulslde 
flea markets, contests. CD activities and more. Fun lor 
the whole lamlly. Contact Jim Ciurczak. 10404 Cayuga 
Drive. Niagara Falls. N.Y.; Carl Lelsner. 138 Louls Street. 
Cheektowaga. N.Y.. or Ron Chmiel. 278 Dan.Troy. 
Amherst. N.Y. lor more inlormation. 

NORTH CAROLINA OSO PARTY: 18M1Z December 1. 
1979 through 01002 December 3. 1979. Suggested I r e  
quencles + I -  10 kHzare: CW: J560, 7060,14060,21060, 
28060; Novlce: 3720.7120.21l20.28120. SSB: 3900.7270. 
14290.21390.28590.Oul.01-slate stations transmtt RS(n 
and state, province or country. North Carolina statlons 
send RS(ll and county. More Inlormalion lrom Almance 
ARC. Inc.. 2822 Westchester Drlve. Burlington. N.C. 
27215. 

MLTA OSO PARTY: sponsored by the ARRL DELTA 
DIVISION, l W Z  September 29lh l o  24MV September 
m h .  NO tlme or power reslrlcllons. Amateurs outside 
the Delta Division wlll try to contact as many Amateurs 
Inside the Delta Dlvlslon a8 possible, whlle Olvlslon 
hams try to contact as many others as possible both in- 
side and outside the dlvislon. Exchange QSO number. 
RS(T), and OTH (ARRL sectton for non.Delta hams, and 
county and state lor Delta Dlvlalon hams. Suggested I r e  
quencles are: CW: 3550. 7050. 14050, 21050.28050, SSB: 
3990. 7290. 14290. 21390. 28580: Novice. 3725. 7125. 
21125. 28125 kHz. More information from Malcolm P. 
Keown. W5XX. 213 Moonmist. Vlcksburg. MS 39180. - 
COLLEQE RADIO SCRIMMAGE: open to all Radlo Am, 
leurs. 19002. Seplember 3Mh. through OlWZ. October 
1st. Entry classes alumni and club station. SSB only. 
Exchange name of college, lunlor college or unlverslty 
you last attended. and the last two dlglts o l  the year you 
graduated, will graduate, or last attended. Club stations 
s ~ b s l l l ~ t e  the words "Amateur Radio Club" lor number. 
Work statlons once per band. Suggested frequencies: 
1815.3895. 7250, 14280,21355,28560 kHz. For more lnlo 
write Penn State A.R.C.. K3CR. 202 Englnwrlng Unit E. 
University Park. PA 16802. - 
ARROWHEAD RADIO AMATEURS OSO PARW open to 
all Amateurs. Amateurs wlthln 50 air miles of Dululhl 
Superlor are considered Arrowhead Amateurs. and may 
work anyone. Amateurs outside this area may work only 
Arrowhead Amateurs lo r  contact points. Call CO 
ARAC-50. Frwuencles: CW: 3535. 3725. 7035. 7125. 
14035.21035.21125. 28035, and 28125 kHz. Phone: 3980. 
7280, 14280. 21360, and 28560 kHz. Times: 1YX) UTC. 
October 6. 1979 lo  0300 UTC. October 7. 1979: and 1503 
UTC 10 2359 UTC. October 7. 1979. Arrowhead Amateurs 
exchange RS(ll, county and stale; all others send RS(T). 
ARRL ~ ~ c t l o n  or muntry. More Into from ARAC.50. 123 
EasI First Slreet. Duluth. MN 55602. 

IOWI: 1879 Mldwest Dlvlslon ARRL Convantlon m d  
CVARC Hemlesl. October 19. 20, 21. Five Seasons 
Center. Cedar RepIda. Grand Prlze: Deluxe HF 
Transceiver. THCDXX Antenna Ham Ill Rotor. Bd It. 
Rohn 2% Tower. Thousands of dollan In door prlms. 
Forums, llea market. lours. ladles' programs, nearby 
theelers. enlertalnmenl, shopping, camplng. Saturday 
evening banquel. Tickets: $400 advance: $5.00 at door. 
Tatbinon 148.18178. 146.52.223.3U94 Wrlle: Convention 
Cedar Valley Amateur Radio Club. Box 994. Cedar 
Raplds. IA 52406. 

NORTH CAROLINA: Tha Western Carollna Amaleur 
Rad$o Saclaty's Fourth Annual Autumnleat. Saturday. 
October 13 AshevIIIa Clvle Canter Ashsvllle &ma . . . . . . , . .. . 
enjoy the lmaulllut Smokey Mounlaln scenery Dlsplaya. 
dealers, flea market For lnlo Western Carolina ARS. 
P 0 Box 14.36. Ashevllte. NC28802 

- 
0810: Fourth Annual Cleveland Hemfesl. Sunday. 
September 23. Cuyahoga County Falrgmunds. B e r m  
For Info: David L. Kersten. NBAUH. 2187 McKinley 
Avenue. Lahawood. OH 44107. 

ILOSSOMUND: Fall Swap Shop. October 7. Bwrlen 
County Youln Fairgrounds. Berr~en Sprnngs. Mlchlgan. 
lnrge convenoenl tac!llt~es and relreshments Tables 
restricted l o  radlo and electrontc items. Advance tlckel 
donatlon $1.50 Tables $200. Wrlle Charles White. 1940 
Union Ave.. Benlon Herbor. MI 49022. Make checks pay. 
able to Blossomland ARA. 

VlRQlNlk Fourth annual Tidewater Hamlesl - Comput. 
er Show - Flea Market wIII ha held In Iha Nnrlnlk VA - - - - - - - , 
Cultural and b i v e i t ~ o n  Center SCOPE October 20 and 
21 1979 80000sq~are feet o l  a8rconditloned erhlbol and 
Flea Market ta8lgal ng space are ava lable Doors open a1 
9 W AM ARR. rneelmgs DX Tratl c forums plus a CW 
Contest are scheduled. FCC Exams are planned lor ama. 
leu, upgrading Saturday $12 AM. A special leature wilt 
be a dinner crulse and banquet on the Spirll of Norfolk 
Cruiseship Saturday night. Advance registrations $2.50 
ISASE). $3.50 at the door. Flea Market tallgate spaces 
SYday. Crurse and banqwl $16 per person. $30 per 
couple. Tickets and information - TRC P 0. B o x  7101. 
Ponsmouth. VA 23707. 

JAMBOREE ON THE AIR: Scouts. former Scouts and 
Interested hams. October 2021. 1979. Slallons are Ires 
to selecl limes of operallon. Hams may lnvlte Scouls. 
Cub Scouts and Explorers to their shacks lor a look at 
ham radio and to talk wtth Scouts in some 100 counlrles. 
Wherever permitted by regulations. Phone (US): 3940. 
7290. 14290. 21380. 28990. 50503; Phone (International): 
3740. 7050. 14290, 21360. 28990. CW (US 6 Int'l): 3590. 
7030. 14070. 2f040. 28180. 5~050;  CW (Novae): 3750. 
7125. 21140. Acorn and Oak participallon certlllcate for 
hams and Scouts. More Information lrom Harry A. 
Harchar. WZGND. Boy Scouts o f  America. North 
Brunswick. New Jersey 08902; Tel. (W) 4484717. .. - 
PENNSYLVANII: The RAE Annual Hamfeal. September 
23.8 AM to 4 PM. Ralnbow Gardens. Waldameer Beach 
Park. Admission: S3.W includes chances on maln prize. 
YL prlzes, and halbhour drawlng on door prizes. Flea 
market vendors $1.00 per car. Exhiblts. refreshmenls. 
TalCtn on ,341.94 and .52 simplex. For info: Radlo 
A580clatlon o f  Erie. 00x844, Erle. PA 16512. - 
MICHIOAN: Adrlan Amateur Radlo Club's 7th Annual 
Hamfest. Sunday. Septembw 23. Lenawee Counly Falr- 
grounds. Adrtan. Prlzes: Maln and hourly. Blngo and 
much more. Talk.ln 148.31191 and 146.52. For tlckel. 
tables info: Adrlan ARC. Inc.. PO. Box 28. Adrlan. MI 
49221. Telephone info: Bob/Sally Fay. Sword Enterprises 
- (517) 2833597. - 
MICHIOAN: L'Anw Creuse ARD's 7th Annual Swap and 
Shop. September 18. L'Anse Creuse Hlph School. MI. 
Clemens, 0800.1500. Cash prlzes - hourly drawtngs. 
$200 door, $1.00 advance. Talk-in 14789.09 and 146.52. 
For info or tickets SASE to WOBITS. 3488 Ashley, 
Pontlac. MI W 5 5 .  

NEW VORK: b d l o  Amaleurs o l  G m l e r  Syracuse 15th 
Annual Harlfest. Saturday. October 13. 9 00 AM l o  6 00 
PM. New YOtk State Fanrgrounds. Arts and Home Canter. 
Syracuse Exh b tors booths. lndoorloutdoof l lea 
market, awaras. t~ lms and ladlea' programs Tlckets 
before October I a1 reduced rales Under I2  tree Over 
nlght and trailer parklng avaltabte Talk n on W30 and 
31191 Refreshments For Ilckelsorlnlo RAGS. PO Bor 
88. Llverpool. N.Y. 13088. 

QEORQII: The Central Georgle ARC8 First Annual 
Hamlesl. September 50.8:WAM l o  5:00PM. Clty Recre, 
l lon Center. Watson Bkd.. Warner Roblns. Indoor flea 
market. Talk.ln 3.975 LSB. 148.ZYBS and 118.52 simplex. 
Also Georgln SSB Assn. and Georgta CW Asan.'s annual 
meetings. For info: Bill Alklns. WMASB. 201 Avalon 
Drlve. Warner Robins. GA 31093. (912) 9233454 or check 
In on 3.975 MHz nightly at 22-30 UTC. 

PENNSYLVANII: Unlontown Amateur Radio Club'a 30th 
Annual Gabfest. Seturday. September 8. Club Grounds. 
Old Pttlsburgh Road. Unlontown. Noon on. Relresh. 
menls. tree coffee. Replatration: $200. Prlzes. Maln 
Registrstlon Prize: T m p o  Syncon S1. Swap and Shop. 
For Inlo: WJPIE. Unlontown Amateur Radlo Club. Inc., 
438 Braddock Avenue. Uniontown. PA 15401. (412) 
4388488. 

SOUTH CAROLINI: Yod~ County Amateur Radlo Socte 
ty's 28th Annual Hamfeal, Sunday. October 7. DBOO unlll -. Joslln Park. Rock Hill. Regislrallon: $2.75 each or 
2M.W advance); $300 gate. Maln prize: Y-u 901.DM. 
Barbeque dlnner available m park. Talk-In 146.4Y147.03 
and 148.52dlrect. For info: P.O. Box4141 CRS. Rock Hill. 
SC 29730. 

CANADA: Radlo Society of Ontarlo's Eleventh Annual 
Conventlon. October 12, 13, 14. Skyllne Hotel. Ottawa. 
Friday evenlng bullet and dance. Smlurday tech. ws- 
slons, demonstrellons, forums, displays. Saturday nlght 
banquet and dance. Sunday Indoor Ilea market. P.O. Box 
5078. S l n  F. Ottawa. Ontario KZC 3H3. 

Don't be caught without the 
correct toroid right in the 
middle of your next project 
. . . get this convenient as- 
sortment from Whitehouse. 
42 of the most popular to- 
roids packaged in a sturdy, 
plastic storage case: 

3 each: T50-2. T50-3. T50-6, 
T68-2. T68-3. T68-6 

2 each: T25-2. T-256. T37-2, 
T37-6, T37-10, T-37- 
12, T50-10, T50-12, 
T68-10, TBO-2, T8O-6, 
T94-2 

plus appl~cation not 

Fenite 
Bead 

.a Asst. * .- 
One dozen 
each: FB43-101. 

%&; * '  

FB43-801, FB64- 
101, F864-801. FB73-101 and 
FB73-801. Two slzes and three 
mater~als to f ~ l l  all your needs 

VISA and MASTER CHARGE 
Orders Welcome I 

Please include $2.00 shipping 
and handling w i t h  each order .  I 
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ASTRON POWER SUPPLIES 
HEAW DUTY HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES 
SOLlO STATE ELECTRONICALLY REGULATED 
FOLO-BACK CURRENT LIMITING Protects Power Supply from 
excesswe currenl6 contnnuous shorted output. 
CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A. 
RS-12A. RS-MA. AS-35A. RS.MM 4 RS-35M . MAINTAIN REGULATION 6 LOW RIPPLE al low line input VOltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD . nNF VFAR WARRANTY. MAnF IN I 1  S A - , . - , -. . . . . . . . . . . . . . . . . . . . . . . - - . . . - . - . . . . 
VOLT 6 AMP METER ON MODELS RS-20M 6 AS-35M ASTRON M AMP REGULATED 

PERFORMANCE SPECIFICATIONS POWER SUPPLY Model RS-ZOM 
• INPUT VOLTAGE 105 - 125 VAC 16 Amps continuous 

OUTPUT VOLTAGE 13.8 VDC t0.05 volts 20 Amps ICS' 
(lnlernally Adlustable, 11.15 VDC) 5' lH) x YlWI x 10.5'(0) 
RIPPLE: Less than Smv peak to peak (lull load 6 low line) Shlpping Welght20 Ibs. 
REGULATION t 05 volts no load to full load 4 low llne to high llne Price . . . . . . . . . . . . . $112.95 

Olh* mul r  MWED SUPPLIES alw nallablc (Same features and swcificatlons as above) . . 

I 1 Conllnuwr 1 ICS' I Size 1ln.l I Shlo~lnn I 1 
Model I Duty [amps] I Iamprl 1 H x w xb ( wt..libsj 1 Prim 

RS.35M 1 25 1 35 1 5x11~11  1 29 1 $15695 

AS-MA I 16 I M I 5 ~ 9 ~ 1 0 %  I M I $9495 

lns~de Vtew - RS-12A 

R M  A 

CORPORATION 17141835-0682 

CENTRAL NEW YORK'S FASTESTGROWING HAM DEALER - 

'ICS - Intermittent Communication Service (50"10 Duty Cycle) 
I1 no1 available at ywr local d d w ,  please cantad ur directly. 

3 4 

Featurin Yaesu. lcom. Drake. Atlas. Ten-Tec. Swan. DenTron. Pace. Paiomar. Alda. Midland. 
Wilson. ~ D K .  MFJ. Microwave ,Module. Standard. Tempo, Astron, KLM. Hy-Gain, Mosley. 
Larsen. Cushcraft. Hustler. M ~ n l  Products. Universal and Tristao Towers. We sewlce every- 
thing we sell! Write or call for quote. You Won't be Dlsa 

We are lust a few minutes off the NYS ?6:"w';,"il.gOl Exit 32 

3Y,x6bx9 1 5 1 U 9 9 5  

AMATEUR TELEVISION 
'C' MOUNT LENS - 25 mm f1 .a focusing mount, no iris. 

New $1 2.95 each or 10/$100.00 - Used $10.00 each. 
USED, TESTED 7735A VIDICONS only $9.95 each or 10/$85.00. 
WOW! BACK COATED (used) l/z inch 1 hour video tape - 

$7.95 each or 10/$75.00 - Standard 7" Sony reels. 
Free flyers - New & Used Video Equipment 

THE DENSON ELECTRONICS CORP. 
POST OFFICE BOX 85 

VERNON, CONN. 06066 
(203) 875-5198 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use with our CHAN- 
NELlZER or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at 5119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price 5159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952 Clinton St.. Buffalo. N. Y. 14206 

Duns #Of-048-6066 

Cash plus shipping paid for clean latc 
model Motorola GE. RCA mobiles 
Base Stations. Accessories. We alsc 
sell used and reconditioned equipment 
For further information contact: 

Jesse La Fleur 
The Communications Center 

1629 Wyoming 
El  Paso, Texas 79902 

(915) 545-1133 
Cmll lor cnh quolatlon 16 yeam of l.lr dealh 
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FM MINI MIKE KIT 
A super nsgn peftormance FM 
wareless m!ke k!Ia Transm#ts a stable 
sngnal up to 300 yards with excep- 
Ilona1 audto quality by means ot 11s 
bull1 ~n eleclret mlke KII ~ncludes 

Heres a super looklng. ruggPd end arctlrnle auto case mtke on-on rwotch antenna 
clock whch IS a snap la nulld end ins1,111 C t o ~ h  battery and super lnslructlonr Thls 
movemen1 tscompletely ass~mnled-you only solder IS the llnest unit ava8lable 
3 wares and 2 switches takes about 15 mlnuterl 
Dasplay 3s brlghl green v l lh aulomallc br~ghlness 
control photocell-assures you ot n hlghty readable 
dnsplay day or ntght Comes rn a sten t8nnsn an- 

complete computer and keyboard control ol cursor 

odlred alumlnum case ahich can be altached 5 
Parlty error control and dlsplay Accepts and gsner- 

dotteren1 ways usmg 2 slded tape C h o w  ot sllver 
ale5 Utrlal ASCII plus parallel keyboard input The 
3216 8s 32 Char by 16 thnes. 2 pager wlth memory 

black or gold case (specltyl dump tealure The 641 6 IS 64 char by 16 Ilnsr. wlth 
DC.3 kt!. 12 hour lormat scroll~ng. upper and lower case (apl~onst) and has 

RS-232 and 7Oma loop lntertaces an board Kllo 
Include sockets and complete documenlatlon 
RE 3216, term~nal card 
RE 6416, termtnal card 
Lower Case optton. 6416 only 
Power Supply Klt 

T r y  you, nand al bulldlng the l~nest looking 
clock on lhe markel lls Salm I ~ n s h  anodmzed 

v~deo/RF Modulator. VD-1 alumtnum case looks greal anywhere. whole w i  4" 
A P S B ~ ~ I ~ ~  teaed units. add ~ ~ ~ ' d l g l l s p r o v l d e  n hagh~y readabledlsptay Thjsts a 

12 :,4 hour clock m a bea completek~t nael t rar  needed and #I only lakes 1.2 
hours to assemble YOU, Cham 01 case colors 
S I IY~~ gold bronze black blue lspeclty) 
Clock knt 12 24 haul DC-5 

d~splay to amblent lhght level 
DC I I clock wlth mtg bracket Alarm clock. 12 hour only DC.8 

t2V DC car clock DC.7 
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RF.2200 8 BAN0 AMIFM. 
SW treq?, lrom 3 9  ID 28 
MU2 Double super hat. 
arcdyne Plactne call. 
hratYl lunbno to 10 kHz 
i iubk-=ha& .la1 marker 
at MO kHz and 125 kHz . . .  
RF gal" control tor AMRW 
BFO ~wt lch  tor SSB h SW 
PIUS man* more lealures 
such as ex1 jecks tor AC 
an1 h ~ ~ k r  889 radlo 
features al low prlc6 

~ 1 u S 1 . 5 0  SMwin. 

RF IOW OlOlTAL AMIFM 
SW lrom 3 2 to 30 MHz 
5 dlglt LED d!sDIay 

read. all bands Double 
superheterodyne I'Lctr 
cutlfy FM AFC L widel 
narrow bandwidth control 

Fa~tlSlow tunlng 
B ~ l l t  8" AM ant Tsle 
S C O D I ~  wnlp tor TMISW BFS pitch control tar 
SSBlCW And much 
much mom lor the puce 
PIw.Sl 50  SNws". 

COVERAGE 
FROM 1.6 to  31 

MHz. ALL 
DIGITAL mu, 

IF4000 DlOlTAL AMIFM. SW coverage Iron, 1 b lo  J i  MHz 
Full dtpltal readou~ on all bands . 5 dtgal Iluurescenl 

I~MIOUI. Premnr doublcruperneferodyne - Fastirluw tun- 
~ n p  . AFC on FM Narrow wae selecl~r~tr  ~wclch lor 
AMlSW . BPO Ptlcn conlrol . Callbrat8an conlrol . ANL 
sw8tch tor AM . FET RF clrcunl - RF Gatn conllol . Inc anlr IMPROVE tor FM A YOUR SW and more [-I 
RECEPTION WITH ; 9. O'i 
AN AMECO ALL. 
BAND PREAMP! 

6 I60  Meters . i -----& ,' 

20 + dB Galn 8 
Low Puce 

. . * 

I WOEL PLF.2 Improves weak slgnalo as well as \maw 
and ,Dur#ous releclaon ot most recearers Dltect $w#Ich~n 
10 rec or preamp Includes pwr rupp 117 VAC *#red 8 
l e ~ l e a  ppd $49.95. I 
I SWL ANTENNAS 

MOSLEY SWL-7 MOSLEY SWV-7 
DIPOLE VERTICAL , 

For 11.13.16.19.15. 
31, 6 49 meters An 
tnezmnswe hortzon. 
tal dipole w ~ t h  8 pre. 
luned wealherprwl 
trap assemblies that 
are Ihe key l o  the 
SWL 7 ' s  a m a l l n o  
b roadband  coveC. 
age Complete k l l  
wllnstr 

For 11.13.16.19.25. 
31. 6 49 meters. 6 
swc$a l l y  designed 
t r a m  all housed In 
slngle weatherprwl 
phenollc houslng for 
top DX reception 
Deslgned lor roof or 
oround m o u n l  1 
:waged lor  maxl 
mum ressstance to  
wlnd vlbratlon Few 
Velllcals can match 
!I tor SWL l u n  only 

r > 
STEP UP TO WITH A TELREX' 

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 

Te l rex  "Monarch" (Trapped) I.V. K I I  

Duo-Band14 K W P  I.V. K i t  $66.50 
Post Pald C o n l l n e n t a l  U.S. 

O p t i m u m ,  fu l l - s i ze  d o u b l e t  p e r f o r m a n c e .  i n d e p e n d e n t  o f  g r o u n d  c o n d i t i o n s !  "Ba lanced-  

Pat tern" ,  low r a d i a t i o n  angle. high signal  t o  noise, a n d  s ignal  t o  p e r f o r m a n c e  r a t i o !  

M i n i m a l  s u p p o r t  costs,  ( e x i s t i n g  t o w e r ,  house,  t ree ) .  A t e c h n i c i a n  c a n  resona te  a 

T e l r e x  " Inver ted-Vee"  t o  f r e q u e n c y  within t h e  hour! Minimal SlWlR i s  poss ib le  i f  

i n s t a l l e d  a n d  r e s o n a t e d  to f r e q u e n c y  as  d i r e c t e d 1  P a t t e r n  p r i m a r i l y  low-ang le ,  Omni- 
d i r e c t i o n a l ,  a p p r o x .  6 DB null a t  ends!  C o s t l y ,  l os ry ,  a n t e n n a  t u n e r s  n o t  r e q u i r e d l  

Complete s i m p l i f i e d  i n s t a l l a t i o n  a n d  r e s o n a t i n g  to f r e q u e n c y  i n s t r u c t i o n s  s u p p l i e d  w i t h  

each  k i t .  

For t e c h n i c a l  d a t a  a n d  p r i c e s  on c o m p l e t e  

T e l r e x  l ine,  write f o r  c a t a l o g  PL 7 (HRH) f-31~~~ ,\wt !?:I 
-- . .. ..I).,.. .,* 1111.0 .  ,, ,,,. 

b &J 

R F  Speech Processors for Drake TR-7, TR-4% T-4Xs 
Specid 8.pde I F  avstd Rltaing, to l l omd by  h i C W  
etfactiva mi- had limiting: the key to intelllgibililv and 
t a l k p o w .  TR-7 p r a a r o r  pav idm mom for m additional 
-ry Rltar. All solidrtme pindiod. witching. TR.7, 
TR-4 unit, f m u n  wlansble 16.pois mediva. M d  7SP 
for TR.7: $265.00. Model 4-SP for T 4 X :  5285.00. 
T R 4  unit mailable n a Imer d m .  

-I 1 

Mike Equalizer Pre-Prooessor sk,.,,,,m ~ ~ i , , ~ ~ ~ i ~  1~ 
1268 S o u t h  O g d e n  St. 

Compmion t o  e b n  u n b ,  but pood be8wm arm mike D e n v e r .  Colo.  80210 
and rip. Can d u r n  dirtortion. impmve crisplan, intol. 1303) 722-2257 
l ipibi l iy. Easily-.diurt.bh slngh control nibn bath high back I f  sallsfled 
nd low f n q u n c i a  to  op t im in  raspom of  any miao. 
p h m .  Contains inlout. pain, aqwlizstion m r o l r .  

Add $3 par order 1h8~1lcnq. 
$6 o a r v n  s8r 

Model SE.1: $65.00. 

a 
Dealer m i r e s  ~ ~ d c o m e  7 

Apollo Products-Little Giant Trans Systems Tuner Kit - $122.50 
Wired & Tested - $144.50 

Oesigned and  engineered at ter  "Apollo" - "Little G~ant "  25WX-2, fo r  a n  "engineered 
pedormance" Trans Systems Tuner and  Adaptations of the  Lew McCoy Tnnsmalch ,  w i th  
power handling a t  the KW plus level! 

K i t  inc ludes:  1 heavy ~ndustance for 10-15.20- 

1 200 pfd widc.spacad varnable 
"#,,I, ,,,1a,,,t, ,",.I,t~," rated :".,.;:;"P.:::ia:c:or condsnrers 
3.000 volts I HD sw#tch for band catching 10 
1 200 old dual sectmn parallel thru 80 mclcr coverage 
condenser irolanltled 1 pkg 12-gauge tanned round wlre 

f,ngcr gr,p Do,nler Z. Cabanel lncludsd - Apollo "Sha. 
diam. rrhllc indenled dow BOXCL" M Kit I ~ C I Y ~ ~ S  I C ~ C -  

1 ~ Y C  ~nsulatsd shall souplongs r$ N~:m;;;n:~~rt~n:Y::bo 
% to % OHM "Open wlrs spaced ladder 
3 50.239 coax ChasIlr COnneclDII lone" aor dtalactrtc. 
Tunes 52 ohm or 52-300.600' or " 5 1  x wlrc dnam ..84 r wtrc dlam. 
random wires ~ n t o  only - not su~pl tad.  

Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495 

I Subsld lary "Little G ~ a n t  Antenna Labs" I 



P A R T V I L  USED E Q U I P M E N T  L I S T  ( G u a r a u t e e d  30 Day. - 7 D a y #  R e f u n d  Pollcy) 
COLLINS RADIO KENWOOD 
7553 RK~~VPI With CW FILTER ......... S 479.00 H-599 Rocsiver . . . . . . . . . . . . . . . . . . . . . . .  299.00 
75Sl Rrcetver . . . . . . . . . . . . . . . . . . . . . . . .  299.00 TR.7200 FM XCVR.. . . . . . . . . . . . . . . . . . .  189.00 
75536 Receiver . . . . . . . . . . . . . . . . . . . . . .  685.00 

. . . . .  KWM-2 With516F2(RoundErnblern) 1299.00 SBE .................... ...................... 30L.I ArnpliRer 495.00 SB-36Transceiwr 449.00 
. . . . . . . . . . . . . . . . . . . . .  3251 Transmilter 349.00 ~COM 

DRAKE 22.SFMXCVR . . . . . . . . . . . . . . . . . . . . . . .  209.00 
. . . . . . . . . . . . .  R.4 Receiver & T4 Rulter 449.00 

RV4-C VFO. . . . . . . . . . . . . . . . . . . . . . . . . .  89.00 
R4.B Receiver. . . . . . . .  .... ....... .  349.00 VHF One Plus ... . . . . . . . . . . . . . .  . . . .  2w.00 . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  359.00 Tempo l WIAC-1 399.00 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  <ll\i~lnr 8 %  ,a~,urnl~rlq Icnr nt lt8nl " t , # ~  111.. n!r" 2 ~ ~ ~ ~ ~ ~ ~ ~ i l t ~ ~ ,  99.00 Hmq2K-QArnplHkr 899.00 
.......... 2.C Rece~ver Wi2CQ Multiplier 219.00 A- ..... . . . . . . . . . . . . . . .  ML-L 2M FM Transceiver 128.95 210X WINB EL DMK & Mobile Mwn, 679,00 

HEATHKIT 
Digital Multlmeter SM-1210. . . . . . . . . . . . .  80.00 HAMMARLUND 

. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  SB.650 Digital Dlrplay .139.00 HQ-I'OARX 189.00 
HW.16 XCVR WIVFO . . . . . . . . . . . . . . . . .  159.00 
SHl04W H.P.1146P.S . . . . . . . . . . . . . . . .  599.00 
sHI02 H.P,236 SP.600 ........... 443,00 NC-300 RX . . . . . . . . . . . . . . . . . . . . . . . . . .  129.00 
Freq Counter lB.1103.. . . . . . . . . . . . . . . . .  100.00 HAUICRAf lERS 
HR.I06 . . . . . . . . . . . . . . . . . . . . .  69.00 SX-I I I Receiver . . . . . . . . . . . . . . . . . . . . . .  142.95 
SB.630 Cunsole . . . . . . . . . . . . . . . . . . . . . .  99.00 SX-I 15 Receiver.. 299.00 . . . . . . . . . . . . . . . . . . . .  
SH.3O:I Receiver WICW FIIter . . . . . . . . . . .  259.00 

. . . . . .  58-300 Hscievrr WISP600 Speaker P I900  CLEGG 
DX-606Iranrmlcter . . . . . . . . . . . . . . . . . . .  69.00 FM-276 FM XCVR2M ................. 179.00 

Service Shop - \ C , R O  ~ l ~ ~ ~ r l ~ l l . ~ l ~ l ~ l ~ ~ ~ . ~ ~ d  ~z l cs t j r  

I,!,'. ,'.,VS, v ,*.{,",dl,tt,, - ,,,I#,!,( ,B.I,,,,<,~( I 1t i  
wgndl gerwr,+t*~r\, t leu lv t~ I'm kavd (>+< 1 1 1 ~ 3 .  

wx~pr,. Hmrd u.ntlnnrtrr~ - u.+, hr 11 rnqht' 

.. . AUTHORIZED DEALER. 
FOR OVER 50 MAdOR LINES. 

NEW AND USED EQUIPMENT "Get on our used equipment malllng Ilst." 
T R A D E S  WELCOME "The best allowances anytuhere" "We buy good used SSB war" 
O U R  E V E R Y D A Y  L O W  P R I C E S  "remoin the same for cash or trade-ins!" 
S A M E  D A Y  U.P.S. S H I P P I N G  "Just o phone call away" 
C O M P L E T E  R A D I O  S E R V I C E  SHOP "Mall Order Repalr Servlce" 

Fast Efficient Sewlce M a t  Repain Done and Shlpped Wlthln 7 Days 
We Repalr A l l  Brands Amsteur ExtraIFlrst Class L lcenns  
A l l  Work Guaranteed Include Manuals and Power Supply 

Send Us Your Defecttw Epulprnent Prepaid Shlpplng 

. OUR FINE REPUTATION SPEAKS FOR ITSELF. .'YOU SHIP I T  - WE FIX II" I 
W e  S e l l  m a d  S e d c e  t h e  follovlag N e v  Equ ip rem( :  I 

. . . . .  ..... - - .. ~~ ~, 
Alllmnce C a l l b d  DSI KDK Murch Swan WI& 
Ameco CDE tTOAlph. KLM PIP0 TeC. W h m h n a N  
ARRL CES Ham Kry hrrm Rr,bot Ten Tm Y a n v  
All.. Covercrah Hus1l.r MFJ Rc>lnn Trac 
8ench.r Cushcrah Hy.Galn Ml<rolog baxton Wlre Unadllla 
Bard Dentrun ICOM M8r.w Shurr VHF Engt-rlng 

your used gear! 
Inventory Warehouse - our Iarqr \ulunw We BUY or Trade!" 

More Details7 CHECK-OFF Page 126 septernber 1979 115 



1 8  42dft 2 6  
5 9 
8 5 

1.8 kHz only  IorYAESU: 

MO 3 3 10 8 
1M 3 8 12 5 

* H ? O  w 165 
GUF.2 N n n  Fktl IF F l m  . tor rvpl lol  
Cw Arsem!llea on PCB wlh sw~tch~np 
r~1ays e ~ c  to se~ecr t .ma or narrow I~IIN 
Ch011101 hWDI BW H I  I 1  - ls0 

8448 NO ot cona - 8 
AWG 11" m m l  - 6-22 11xM l  1161 

r r m t 2 5  [itrrmtly sharp (17.1 n21 CW 17dft 2 1 8 1 1 6 x J a l I 1 1 9 l  
Second if f81ter lor OX an0 Conteslws 

9405 NO 01 Cona - B 
AwG 1 4 "  m m t  - 2 16 126rXll  11 521 

28clft 6 l a  t 16xM l  11 17) 

p a ~ d  lo U.S., Canada, and M e x i c o .  F o r  o v e r s e a s  ~nsured airmall 
add $5 lor c r y s t a l  filters. $2 f o r  dlode s w l t c h l n g  boards. Sa t l s f ac -  
l lon g u a r a n t e e d  o r  money back. Dealer inquiries Inv l l ed .  

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON. TEXAS 77002 
71 3658.0268 

MASTERCHARGE VISA 

and 

CVARC HAMFEST 
October 19, 20, 21 Cedar Rapids, Iowa 

Cuest Banquet Speaker 

K7UQA TH(rDXX Anlmna. Ham Ill Rolor bO FI Rohn 2% lower  

R T  YOUR D E R L E R  ate R 4C whil. - 
Isak.pe, o w r l d .  Ideal tor OX end contm * a r k  Dnrall 

I l l B l S  ~ 1 R r r s ~ 1 1 s 8 1 1 l o R s  shape l ~ t o r  bensr than 1.4. Maximum sklrln ulsnwtty with 

r pura rrnrs.rwrtnwr rlrs mex8mum ontell#pib~l~ly. T01.l bendwidth with CF 2.lU6: 
2100 Hz a1 MB. 2900 HI st 80 dB. Modsn van.hls bend 

1:10R4:1 . ~ 0 0 1 / 1 1 8 1  1011118. 1111 width. Other hanh#dth%avltlabls. F8llrr M can barnounled 

2'aaow . E I ~ L I ~ C O l W t C I O R S  in r ~ ~ t a r  and relay m i l c h 4  w t h  our kltr whlch stan at 
~3 m .  3 and 4 tolcsr n.,~chung opuons ~1 1nrlu0. our 

W R I T 1  I O R  IOLL C111LOC CF 60316 M l o r  axsrtong 8 kHz fnnfIF I8ltn. all ~ntrmally 

[ I ~ c l o s e  30t Stawps 1 mounted. mntro l ld  from rssr or front pos l .  USB and LSB 
CF 2 . l um  pbr 8 %  s120.w pn lat. ~ o n e y  beck 11 m! .at#,- 
f l 4 .  Add S Ihoppcng p r  order: % O v e N D l  alr. D~1.r In. 
a u ~ r i e  w l ~ o m e .  

~ p y  U N ~ D I L L ~ / R I Y C O  DIVISION c.~I.JI I-I 
OY..", I*< 

,,.X","", sr"cr. C.%,3"R.C"3, ",w."nn ,!a%, 
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D C  VOLTAGE 
D C  CURRENl 
AC VOLTAGE 
II RESISTANC 
AF OUTPUT - 
20kR PER VO 
HFE D C  AMP 
I C E 0  LEAKA( 

$2995 MODEL 

YF-370 

IMPARATIVE VALUE 49 

g and Ir 

Every YF-370 is factory assembled, tested, and 
includes diode protected meter movement with 
a fused input and an extra fuse. The switch assem- 
bly has double wiping gold plated contacts 1 
assure years of trouble-free service. At this lo 
price buy two ... one for the car and one for the shol 

SPECIFICATIONS 

M.aurm.nl Menuremenl Rmg 

3V 0 - .1V - .5V - 2.5V - + 3% fs 
1OV - 50V - 250V- 100OV I 

I 

30Hz to  30kHz 

I x l O x l k x l O k  

~ 2 2 d b f o r  lOVAC 

U - 1 bull/ 

t 3% arc 

.2 t o  20rr 
Range x 

RMS: MC I U.S. Funds. 
jers outside of USA (L Canada, plense add $5.00 additional to cov 
sh~pment. California residents add 6% Sales '- 

. - COD ir TEI - VISA - 
I x l k  0 
0 - 15Om 

+ 3% arc ~ Orc 
air tax. 

INC bSI INSTRUMENTS, .. . ,. 
7924 Ronson Rot G. San Diego, CA 921 11 







Ham Radio's guide to help you find your /oc 

Arizona 
HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from beginner 
to  expert. Classes, sales & service. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX. AZ 85013 
602-249-3739 
Your Com~le te  Amateur Radio Store. 
POWER COMMUNICATIONS 
601'2 N. 27 AVE. 
PHOENIX, ARIZONA 85017 
602-242-6030 
Arizona's #1 "Ham" Store. 
Kenwood, Yaesu, Drake, lcom 
and more. 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 
JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES. CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. 

SHAVER RADIO 
3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 
-- 

Connecticut 
THOMAS COMMUNICATIONS 
95 K I T S  LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-081 1 
Call us toll free - See our full 
page ad in this issue. 

Delaware 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Delaware's largest stock of amateur 
radio equipment & accessories. 

Florida 

AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

SUNRISE AMATEUR RADIO 
1351 STATE RD. 84 
FT. LAUDERDALE, FL 33315 
(305) 761-7676 
"Best Prices in Country. 
Try us, we'll prove it." 

lllinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, I L  60540 
3 12-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
One of America's Largest 
Amateur & SWL Stores. 

Indiana 
KRY DER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN  46815 
2 19-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

lo wa 
BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 & 7 
FORT DODGE, IA 50501 
515-576-3886 
800-247-2476/ 1793 
Iowa: 800-362-2371 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER. P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buv. 

REVCOM ELECTRONICS 
6247 N. HYDRAULIC 
WICHITA, KS 67219 
3 16-744-1 083 
New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 

Maryland 
THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
R. L. Drake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 

Massachusetts 
-- - 

T EL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61 7-486-3040 
The Ham Store of New England 
you can rely on. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for com~lete details. 
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lmateur Radio Dealer 

Oklahoma 

KRYDER ELECTRONICS 
5826 N.W. 50TH 
MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 
Your Complete Amateur Radio Store 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 3 0  Years. 
Call Toll Free 800-523-8998. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
7 17-343-2 124 
ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

SPECIALTY COMMUNICATIONS 
2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 

South Dakota 

BURGHARDT 
AMATEUR RADIO CENTER, INC. 

P. 0. BOX 73 
WATERTOWN, SD 57201 
605-886-73 14 
"America's Most Reliable 
Amateur Radio Dealer". 

Texas 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817461-9761 
Your Full Line Authorized 
Yaesu Dealer. 
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TUFTS RADIO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RSE HAM SHACK 
1207 W. 14 MILE 
CLAWSON, MI 48017 
313-435-5660 
Complete Amateur Supplies. 

Minneso ta 
PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

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 48TH ST. 
LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

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. 3A 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". 

BARGAIN BROTHERS ELECTRONICS 
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! 

METUCHEN RADIO 
216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
W A ~ A E T  "T" Bruno 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

WlTTlE ELECTRONICS 
384 LAKEVIEW AVE. 
CLIFTON, NJ 07011 
(201) 772-2222 

New York 
AM-COM ELECTRONICS INC. 
RT. 5 
NORTH UTlCA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 
HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! 
2-way service shop on premises! 

HARRISON RADIO CORP. 
20  SMITH STREET 
FARMINGDALE, NY 11735 
51  6-293-7990 
"Ham Headquarters USA" 
since 1925. 
Call to11 free 800-645-9187. 

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 K21XN or  Bob WA2MSH. 

Ohio 
AMATEUR RADIO 

SALES & SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 



E x t r a  Elements $1 13.00 
Price is F.O.B. Transcona 
LNCLUDES U.S. Customs 

KIT COMPLETE WITH 

*BALUN KIT 
*BOOM WHERE 

WINNER OF MANITOBA 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
Blr!/ t r c n  e l c n ~ c n t s  r i o t c  - a tllird and 
/ o i r r t / ~  rltrr!/ /x, frfI(Icf1 l a t e r  t c i t / ~  l i t t l r p  

EII~o!/ t i p  t o  R db f o r t c a r d  gain on DX, 
t c i t l i  (I 2.5 ilb hark to front r r r t i o  r r r l f l  Amateur Bands 
~~sc~~IIPII~ sitlc, t l i sc r i r r r i r ru t ion .  General Communication 
Get n i a x i m i r n ~  s t r t r c t ~ t r n /  s t r r n g t / l  with 
l o t r  t c e i g h t ,  t r s i t t g  o r r r  " T r i d e f i c "  

urnis. Plc.rrse i ~ ~ r l t r i r e  dirrclly to: 
ur tafesr  catalog. wnte or 

GEM QUAD PRODUCTS LTD. phone for more details. 

Transcona Manitoba 

ONLY O N E  NEAT S M A L L  ANTENNA FOR TRANSCEIVERS - T R A N S M I T T E R S  - 
U? T O  6 BANDS! EXCELLENT FOR C O N -  GUARANTEED FOR 2 0 0 0  W A T T S  S S B  
GESTEO HOUSING AREAS - APARTMENTS 1 0 0 0  W A T T S  CW. INPUT FOR NOVICE AND 
LIGHT - S T R O N G  - ALMOST INVISIBLE 1 ALL C L A S S  AMATEURS1 

3 0 0  Ib. test dacron end ruopons, center connector wnh buln In Ilohnlnp .?raster and slatls dlschar9c - 
molded. sealed, weatherproof.resonanl traps l"X6"-you Just rwnch to band dested f w  c~se l l sn t  world~vldr 
opcratlon - tranrmntinp and r s s l e ~ ~ ~ ~ l  WT. L E S S  T H A N  5 L B S  
160-80-40-20-15-10 bands 2 trap--209 1t.wlth 90 I t .  R G 5 8 U  - sonnostor - Model 77781) . . .S64.95 
8 0 - 4 0 - 2 0 - 1 5 - 1 0  bands 2 1v.p -- 102  11. with 90 (1. R G 5 8 U  - connostor - Model  998011 . . . 559.95 
40.20-15 -10 bands 2 trap - - -54 f t .  wnh 90 11. RG5BU coax - connector - Model  1001BU . . . 8 5 8 . 9 5  
20-15-10 bands 2 trap--- 2 6  I t .  wnh 9 0  I t .  RGSBU coax - connector - Model 1 0 0 7 B U  . . . . 557 .95  

S E N D  FULL PRICE FOR P O S T  PAID INSURED OEL. I N  USA. (Canad. h S5.00 extra for Dollage - 
slerlcel - customs - e x . )  or order using VISA Bank Amsrlcard . M A S T E R  CHARGE - AMER. E X -  
PRESS.Glre number and ex. data. Ph  1 - 3 0 8 - 2 3 6 - 5 3 3 3  9 A M  - 6 P M  w6ek deys. We shlD In 2 - 3  days. 
ALL  PRICES WILL INCREASE MAR I - S A V E  - ORDER NOW' All antennas guaranteed for I rear. 10 day 
Money back trlal l  Made In U S A .  FREE INFO. AVAILABIE ONLY FROM.  

MILITARY 
SURPLUS WANTED 
5 ;  ,,,,.. : ,,;. ,>. r. ,n<: ;,,. ,. , r *  HGh. 

I r , ,  e\ ,,,,,r .,,n u ' M,htary 5 " ~ .  

l , lu5 r . i ~ i e ~ ~ d 1 1 ,  rjn C u l ~ n \  Pqutprnent 
or part5 W c  vay I re lQhl  Call col lec l  
now lor our high offer 201 440-8787 

TRINSMllTER UNIT: SPACE ELECTRONICS CO. 
, ,- -..or. ,;.,.. . n , l , m ~ m 3 $ . ~ ~ ~ ~  n w r '  - '  AO,~ , !  dlv 01 Mtll lary E l c c l r o n ~ c s  Corp ,... ., , ..,,,hli. .: 0 ',",,,np ma mrllrnlallD .S ."l l  ,"ma 

4 Y .a,,/1 I..ll.lm .. I mlIODmn. 35 Rula Cour l .  S Hackensack. N . J  07606 
RECOVER UNTr: 

: . ,"..,. ."l.,I,I,l iOlr.Win0*l,,w"1.11."~..-. 

> a1_1 O"(. ,. / J O l  l"O8LV. UI, n c . m ,  L" l lDm Md. <l,tll ,111 

%I,.,.'. -"IC 5." ru ,ur". , .~,  
BOTH UNITS: S125tw mmuu, 

UII on me MHZ F* cws mnotll: rr on (i m!ors. 
,mn,lla mNor.UIM*,.,.,,.n.rs,l.~ 

llSOLVllLl8LE 
,A,," ",,\ ,, ., "F C,,D*t -,,, m,n ,wce,w< am ,P*"rn,,,8, *,!*rn 
,n,.n..,"..iI mn\rnorl ,m,I.mm~,,lmue~"r., 

'OWRE SEI 
)UT 432.. , 

. . . MEET R I W s  
432-19 

1st PLACE . EAST COAST VHF SOCIETY'S 
1978 ANTENNA GAlN CONTEST I "  
19 ELEMENTS. TANDEM REFLECTOR' 

12.MHz BANDWIDTH. 432 MHz CF 

I INTEGRAL BALUN. 50 11 TYPE N 

I ALL ELEMENTS INSULATED FROM BOOM- 
NO GAlN LOSS FROM WEATHERING' 

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

. P * l t N T  P tNDINU 

M O D E L  432.19. . $59.95 
441 MHz CF ATV MODEL 441 19 . .  559.85 I 

I 7 WAY S1'LlT.MOIl~L 4P117.. .S?4  <I5 
4 W A Y  SI'LIT.MUllEL 4P1>4.. . $29 95 
& W A Y  SPLIT,MODEL 4P08.. ,549.95 

., , .. ,/, ,.~.,", 1, ,. , <  ,. .., ,...,..,. .,.. .,." .. ,.,\,:,,.,> A , * , *  . A , , <  x.\.. I 

b e l o r e  y o u  m o v e  and we wi l l  m a k e  s u r e  
y o u r  HAM RADIO Magazine a r r i v e s  on 
s c h e d u l e .  J u s t  r e m o v e  the m a i l i n g  label 
lrom this magazine and a f f i x  below. 
Then compere yo.lr new a a d r e s s  ( o r  any 
o t n e r  c o r r e c t i o n s )  i n  t n e  space p r o v i d e d  
and we'll take care of t h e  rest 

ham Allow 4-6 weeks for 
correction. 

Maaaz lne  
~ r e e n v l l i e .  NH 03048 

Thanks for helping us to serve you better. 
- -  r - -  

I I l I l  
L-./ 
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I ERC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 
WE'VE DONE I T  FOR 1979 

F O U R  S I M U L T A N E O U S  F I L T E R S  I N  O N E  F O R  U N P A R A L L E L E D  Q R M  FREE R E C E P T I O N  ( S S B  & CW)  
* P L U S  A S P E C I A L  P A T E N T E D  CW P R O C E S S O R *  

SL-56 
AUDIO ACTIVE FILTER 
13.5 + 5.5 + 7.5 INCHESI "- .- - . ... . 

TfR U l T H  A 66 d B  NOTCH WHICH I S  TUNABLE OVER THE 
2 0 0 - 1 6 0 0  H z  RANGE. T H l S  3 F I L T E R  COMBINATION I S  UNBEATABLE FOR THE ULTIMATE I N  QRU FREE SSB 
RECEPTION. NIJACENT CHANNEL QRM I S  EL IM INATED ON THE H I G H  AND LOW S IDES AT THE SAME T l M E  AflU DOES 
NOT INTRODUCE ANY HOLLOWNE5S TO THE DESIRED S IGNAL .  ON CW THL S L - 5 6  I S  A DREAM. THE LOWPASS, 
t l lGHPASS AflD NOTCH F I L T E P S  ARE ENGAGED ALONG Y l l H  THE TUNARLE BANDPASS F I L T E R  ( 4 0 0 - 1 6 0 0  liZ) PRO- 
V l U l N G  THE NEEUED ACTION OF 4 SIPULTANEOUS F I L T E R  TYPES. THE RANLlPASS M Y  RC MADE AS NARRW AS 
1 4  Hz  ( I d R ) .  ADOITIONALLY, A SPECIAL PATENTED C I R C U I T  FOLLOWS Tlr f  F ILTER SECTIONS WHICH ALLOWS 
ONLY THL PEAKED SIGNAL TO "GATE I T S E L F '  THROUGH TO THE SPEAKER OR HEADPHONES ( 4 - 2 0 0 0  OHMS). 
P E C E I M R  NOISE. R ING AND OTHER SIGNALS ARE RE.lECTE0. T H I S  I S  NOT A REGCNERATPR, BUT A MOOERh NEW 
[ONCEPT I N  CW RECEPTION. THE S L - 5 6  CONNECTS I N  SERIES U l T l l  THE RECElVEP SPEAYLR OUTPUT AN0 OR lVLS  
ANY SPEAKCR OR HEADPHONES U l T H  ONE WATT OF AUDIO POWIR. REQUIRES 1 1 5  VAC. f A S l L Y  CONVERTEO TO 1 2  
VOC OPERATION. CCLL INS  GRAY CABINET AN0 W R l N K L l  GRAY PANEL. 

I W A R R A N T E D O N E Y E A R  F U L L Y  R F I P R O O F  F U L L Y W I R E D A N D T E S T E D  A V A I L A B L E N O W  

$75.00 POSTPAID IN THE USA AND CANADA. VlnalNsA RLSIDENTS ADD *a  ALL^ T A X .  

I A T T N  S L - 5 5  O W N E R S :  THE C I R C U I T  B O A R D  O F  THE S L - 5 6  I S  C O M P L E T E L Y  C O M P A T I B L E  
W I T H  THE 5 1 - 5 5  C H A S S I S .  O U R  R E T R O F I T  K I T  I S  A V A I L A B L E  A T  U5.m P O S T P A I D .  

n o = ~ D  I ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 
I OF VSWR AND POWER ACCEPTED BY THE LOAD .. .. ..... - ~ . - 

R E Q U I R E S  115 V A C  A T  L E S S  -- T U O  5 0 - 2 3 9  COAX CONNECTORS 
T H A N  1/16 AMP. ARE A T  T H E  R E A R  P A N E L .  

C O L L I N S  G R A Y  C A B I N E T .  
W R I N K L E  P A N E L  - B R I G H T  

D I M E N S I O N S  3.5 x 5 . 5  x 7 . 5  

R E D  L E D  D I G I T S  ( . 3 3 " ) .  
I N C H E S .  

D E C I M A L  P O I N T  I S  T H E  
P I L O T  L I G H T .  W E I G H T  I S  2 POUNDS. 

1 . 8 - 3 0  M H z  

THE MODEL SL-65 '  ( 2 0 - 2 0 0 0  WATTS) AND THE QRP HODEL SL-65A* ( 0 . 2 - 2 0  UATTS) D I G I T A L L Y  INDICATE 
ANTENNA VSUR UNDER ANY TRANSUISSION MODE -- SSB, CW. RTTY, AM E t c .  THERE I S  NO CAL IBRATION RE- 
QUIRED AND NO CROSSED METER NEEDLES TO INTERPRET. S lUPLY LOOK AT THE READOUT AND THAT I S  THE VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER M l C .  U S T A N T L Y  CAUSES THE VSUR TO BE DISPLAYED THROUGH- 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSIT ION OF A FRONT PANEL TOGGLE SWITCH AND THE 0 1 s -  
PLAY INDICATES THE NET P W E q  (FORWARD LESS REFLECTED) THAT I S  ACCEPTED BY THE ANTENNA. THE PEAK 
O I  THE NET I S  DETECTED AND DISPLAYED UlTHOUT FL ICKER FOR ANY MODULATION TYPE. OISPLAY UPDATE 
I S  CONSTANT YET FL ICKER FREE AS YOU M Y  CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE I S  NOTHING 
L I K E  T H I S  QUAL ITY  INSTRUUENT AVAILABLE ANYWHLRE ELSE. I T  I S  THE ONLY VSWR-NET POWER INDICATOR THAT 
LETS YOU KNOU THE STATE OF YOUR ANTENNAS AN0 TRANSUITTEO P W E R  AT ALL T IMES WHILE TRANSMITTING. 
E ITHER MOOEL I S  P SOPHISTICATED DEVICE CONTAINING FOUR C IRCUIT  BOARDS AN0 THIRTEEN INTEGRATED 
C IRCUITS .  

SL-65  W A R R A N T Y  ONE Y E A R  SL-65 
VSWR INDICATOR NET POWER INDICATOR . - . . . . . . - . - . 

TWO D I G I T  D I S P L A Y  SHOWS VSWR 
T O  AN ACCURACY OF  .I FOR VALUES 
FROM 1.0 AND 2.2.  ACCURACY I S  TO 
. 2  FOR VALUES FROM 2 . 3  TO 3.4 
AND TO .3 FROM 3.4 T O  4 . 0 .  FRLM 
4 . 1  T O  6 . 2  THE I N D I C A T I O N  MEANS 
T H A T  VSWR I S  VERY H IGH.  

T H E  POUER D I S P L A Y E D  1 5  T H E  DETECTED 
PEAK OF  THE PEP FOR ANY MODULATION. 
T H I S  I S  THE W Y E R  T H A T  T H E  TRANSMITTER 
I S  "TALKED"  U P  TO. D I S P L A Y  DECAY T l M E  
I S  ABOUT ONE SECOND. 

T H E  POWER D I S P L A Y E D  I S  T H A T  WHICH 
I S  ACCEPTED B Y  THE ANTENNA (FORWARD 
L E S S  REFLECTED) .  

IOOO~UATTS FOR VSWR AT 2 . 0 ) .  1 . 2  COULD MEAN 1 2 0  OR 1 2 0 0  WATTS. 1 1 YOU MUST KNOW WHICH RANGE YOU ARE I N .  

FOR VSWR VALUES NEAR 1.0. THE 
POWER RANGE FOR A V A L I D  R E A D I N G  
I S  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
H I G H E R  VALUES T H E  UPPER POWER 
L I M I T  FOR A F L I C K E R  FREE V A L I D  
R E A D I N G  1 5  S M E W H A T  LESS (35 - 

D I V I D E  T H E  ABOVE POWER L E V E L S  ACCURACY I S  T O  10 WATTS I N  T H E  LOWER 
BY 1 0 0  TO O B T A I N  T H E  PERFORMANCE M N G E  A N 0  100 WATTS I N  THE UPPER RANGE. 
OF THE S L - 6 5 A  ORP MODEL. D I V I D E  POWER SPECS B Y  1 0 0  FOR S L - 6 5 A .  

d 

P R I C E :  $ 1 8 9 . 5 0  P O S T P A I D  IN U S A  8 C A N A D A .  VA. RESIDENTS ADD 4% SALES TAX. 

BOOKLET AVAILABLE AT E L E C T R O N I C  R E S E A R C H  C O R P .  O F  V I R G I N I *  
s2.00 REDEEMABLE TO - P. 0. B O X  2394 
WARD PURCHASE. 

PATENT PENDING. 
V I R G I N I A  BEACH, V I R G I N I A  23452 

TELEPHONE (804) 463-2669 

All  the popular stres and mlxes. 
Fast S e ~ ~ c e  Same day sh~pment 
vla first class mall or alr. d No mlntmum order. 

$2 00 DOZEN 

TO ORDER: Spec~fv both core stre 
d mlx for toro~ds. Pack~ng and 

?ti 
2% - L 

I! 
m e  

x 
u 
r. 

More Details? CHECK - OFF Page 126 

POWER I S  D I S P L A Y E D  ON THE SAME TWO 
D I G I T S  AS  VSWR I N  TWO AUTORANGED 
SCALES. 2 0  TO 5 0 0  WATTS AND 5 0 0  T O  
2 0 0 0  WATTS. TR IPOVER A T  THE 5 0 0  WATT 
L E V E L  I S  AUTOMATIC  E X :  A R E A O l N G  OF  
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MODEL 4431 T H R U L I N E '  

RF D I R E C T I O N A L  W A T T M E T E R  
w i t h  V A R I A B L E  R F  

S I G N A L  SAMPLER - BUILT IN 
I N  STOCK FOR PROMPT DELIVERY 

A U T H O R I Z E D  D I S T R I B U T O R  

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER, MI  48063 

C A L L  TOLL F R E E  

800 - 521-2333 
I N  MICHIGAN 313 - 3754420 

. C u  dyb, P~I* h u r s d  
rrss, dwUs1s q - d s  

.k.HII...I~.a- 

.M. ~ 1 1 . v  In ~nlmnlr  

. W k n k d  I-4OYhs. 

K-fv 
.Sm.ll, Il.hl, ..mhr-+ 

i, 
-1:l I nc&na  mlk 

I "I" --.. 
.n.Clum r- i n s . M r  r: -- 
-Wslrs s l l m i m k  TVI 
.CsIIy ewarsnlrd $9.95 , 
Van C ~ D  

Gorden U.5.A- 

Engineering 
BOX l l 3 O S .  5. IUCLID, OH10 44111 -- 

. < 

I f rom vour Bird distributor I 

MODEL 
43 

ALL ITEMS AND ELEMENTS 
ORDINARILY IN STOCK 

Rspald Shipmant In Continental USA Only 

TOUCH-TONEIMICROPHONE 
DATA CODER 5 

I $390° 
JUST LOOK AT THESE FEATURES: 

Tough "Mobile Environment" 
Microphone 
Positive-Action Tactile Keys 
High.lrnpedance Ceramic or 500.ohm 
Dynamic Cartridge 
Adjustable Tone Balance and Output 
Level 
"Positive Hold. Easy Lift" Han er 
For Vehicle or Hand.held ~ortagle I 

I Use 
Complete.. . Not a Klt . . .S39.00 

'1ouch.Tone Inn reglslered lradenameol ATST I 
DATA SIGNAL, INC. 

2403 COMMERCE LANE 
ALBANY, GEORGIA 31707 

Tel. 912-883-4703 

QUARTZ CRYSTALS 

"IN A HURRY" 

SINCE 1970 

CRYSTALS AVAILABLE FOR: 

CB - Synthesizers 

l Amateur. HF, VHF, UHF 

l Industrial 

Scanner 
l Marine - LB & VHF 

Conversion Crystals 
Special Attention to R & 0. 

l Micro-processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS&MANUFACTURERS 

CALL "BONNIE" FOR 
PRICES & DELIVERY 

VISA 5 MASTER CHARGE 
Credit cards accepted. 

CAL CRYSTAL LAB, INC. 
1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 

Ham Gear 
Fltdsrlcks R T T l  1500.4 H I  (CY, 

Colllnr 7552 rcur . vy pa 
Drake R4B rcvr .vy pa 
Oraka 14XBlrlnsmlllar wlsupply 
Collcns 312B4round. axc 
kaalh SB 700 Itnaa, amp 
Jonnron 2 5 0 . ~  M a l c h ~ s w I S W R  
R1901 new alas1 tmlq bvEAC1 
C n l n s 5 l S l  rnn rls mzr 

Collins 51J4, general c; io ;#p .r lchr  
Coll~nr KWM2Atranrca1rar. src. md. 
Coll~nf 75A4 ham rscslvu, vy g a ~ d  
Collfns 31205. VIo Ronrola. src 
Colllns 30L1, vy gd 
Coll~ns 516F2, power suppb 
Colltns R-3901 rcvrs. ovarhlubd #re. cond 
Collins 5151, 2-30 MHz rcvr. 
Hammarlund SP-SOOJX, rcvr. 
Collhns 3233 ham IransmIllar. vl. gd. 
Johnson 2kw Ma1chbol w / s w  mel8I 

Test Gear 
b n t o n  97C DC Vonmstar~amp 1275 
HP-6068 signal gsnsralof cam 
Harrlfon 0.20 v o n l l  5 amplabpn. supplkr sa. 139.50 
OR-l605A lmladance r o m ~ r a l a r  1325 

I Tak plup-lnl~aradabls 53154E. 531541. 531UP. i52. 
1061 2867 3A72. CA. 0.6,  R. 1. U. 6.md W 

w o n  Raabo 2254 $10 gsn .IDSW MHZ 
Blue M lsmo conlrollsd watat bmh 1250 

Msaruremsnls Moos* 658 snpnal gsnn)or 
I s k  851 6 gl1allsllal new * I l r t a s s  I 

I We stock Amateur and Professional I 
equipment from manufacturers such 
as Collins. Hewlett.Packard, etc. 

A i l  equipment sold checked 
and realigned 

Write for free cata lw.  

We have the worlds largest selec- 
t ion of synthesizers for receivers, 
transminers and transceivers. For 
complete details see our 113 page 
a d  i n  the April 1976 issue o f  this 
magazine o r  call o r  write for  addi- 
t ional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

1 DUNESHOTEL I 
LAS VEGAS, NEVADA I JANUARY 1013.1980 1 
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Spec Comm is proud t o  announce the long awaited SCR4000 
UHF Repeater. This unit  incorporates many deluxe features often 
requested by our customers over the last 2112 years. See Features 
below for just a few. The rest of the unit is basically the  same as 
our world famous SCRlOOO VHF Repeater which is well known 
for superior performance, quality and reliability! 

FEATURES: 
30 Wt. Output 
Low Nolse Front End: Wlth 6 Filtw Sections! 
DoubleBalanced Rcvr. Mlxer for Super Dynamic Range! 
8 Pole 21.4 MHz IF Crystal Flller 
Rcvr. Discriminator 6 Devlatlon Meters! 
Ultra-High Stability Tmnsmltter Crystal OscillatorlOven 
All New State-of-thaArt Xmtr. 6 Rcvr. Boards 
Plus - Many More Features Found in the Well Known SCRIOOOVHF Repeater! 
(Full Metering 8 Controls. AC or DC Pwr.. CW ID'er, etc.) 

Yw'l k happy to hoar that the SCRIM0 k M8SOfl8b)r p W  . . . 8 b v t  % IhSl O I  Dltm "top Mlm" unHS 
(which don'l oller nearly as many convenient lealures as Ihe SCR40M))! Also. 8 ramphlo line 01 options 8 8cas- 
sohs  are m L b h .  such as full Aulopalch. Tone Control unlls. Duplexers. Antennas. Cabinets, etc SCRlWO 
VHF Ropefisr Also Avall8bh. 
The SCR4000 IS sold lactory direct only, or lhrough authorized toreign saltK reps. Since there has been trsrnen- 
dous demand lor the SCR4000. *+ supgost you prt your wder in ASAP1 

NEW 

SCT110 
PCL 250 MOBILE TRINEMITER BOARD 
TRANSCEIVER 

136.174 MHZ Please Call or WrIte for further Info. 
22&240 MHz 
Commerc le l  

o r  
Amateur  Assemblies 6 New VHF FM Transceivers A n  

, SPEC7RUM COMMUNICATIONS 
\ Dept. HJ - 1055 W. Germantown Pk. / 

Norristown, PA 19401 (215) 631-1710 

r 

CALL 
TOLL 

For the best deal on 

AEA Ameco ASP Atlas 
Belden Bencher Bird 
CDE CIR CES Cushcraft 
DenTron Drake Hy-Gain 
icom KLM Kenwood 
Larsen MFJ Midland 

I 
Mosiey NPC Newtronics 
Nye Palomar Regency 
Shure Swan Standard 
Tempo Ten-Tec Tonna 
Transcom Wilson Yaesu 

This Month's 
SPECIALS! 

Yaesu FT-202 Hand Held only 
$25 with each FT-901 DM 
bought at $1299! 

PS-30 Power Supply FREE 
with each TS-180s boughtat 
$1 149.50! 

FREE! $50 in crystals (or 
crystal certificates) wi th 
each Wilson MK II or  MK IV! 

(Yaesu special good through Sept. 15) 

L I 

CALL TOLL FREE 
(800) 621-5802 

for the Erickson price! F] Hours: 
930-530 Mon.. Turns.. W. 6 Fri. 
9:30-9:W Thursday 
9:W-3:W Sfiurday 



AdverTisers q 
check-off 

. . .  for literature. in a hurry -- we'll 
rush your name to the companies 
whose names you "check-off" 
Place  y o u r  c h e c k  m a r k  in t h e  s p a c e  
n a m e  and n u m b e r  . Ex: Ham Radio _s"2"iyeen 

INDEX 

AED - 710 
Aluma - 589 
Am&n - 005 
Anteck - 733 
Apollo 01 l 
Astron - 734 
Atlantlc Surplus ' 
Barry ' 
Budw~g _ 233 
Cal Crvstal 709 
Cedar Valley 
Communlcatlons 

Center - 534 
Comm Spec 330 
Creallve Elec 751 
Curtrs Elecrro - 039 
Cushcraft ' 
DCO _ 324 
DSI - 656 
DX Eng - 222 
Dames Comm 551 
Data S~gnal 270 
Daylapro 455 
Dave ' 
Denson Elect 405 
Drake ' 
Eagle ' 
E T O  ' 
Elec Research Vlrgln~a 
Erlckson ' 
Fa~r Rad~o 048 
Fox Tango 657 
G EIC Comm - 754 
GLB - . 552 
Gem Ouad ' 
Gray _ 055 
Gregory ' 
Hal ' 
Hal Tronlx 254 
H R Magazlne ' 
H e a t h  060 
He~ghts ' 
Henry 062 
Hold~ngs 252 
IRL 781 
lcom ' 
Info Tech 351 
lnt Crystal . 066 

Jameco 333 
Jan - 067 
Jones - 626 
KLM 073 
Kantronlcs ' 
Kenwood ' 
Klaus 430 
L Tronlcs 576 
Long's _ 468 
Lunar - 577 
MFJ 082 
Mad~son ' 
M~crowave Fllter 637 
P C Elec - 766 
Palomar Eng ' 
RIW ' 
Callbook - 1 M  
Radlo World ' 
Ramsey 442 
SST 375 
Saroc ' 
Sherwood 435 
Shure Brothers - 771 
Space 107 
Spectronlcs - 191 
Spec Comm 335 
Spec Int 108 
Swan 111 
TCI 785 
TPL 240 
Telrex _ _ 377 
Ten Tec ' 
The Commun~cat~on 

Center ' 
Thomas Comm 730 
Trl Ex 116 
Van Gorden - 737 
Vanguard Labs - 716 
Varlan 043 
Webster 

Assoc 423 
Western ' 
Wh~tehouse ' 
Wllson 123 
Wllson Systems 787 
Xltex 741 
Yaesu 127 

'Please contact thls advertiser directly . 

Limit 15 inquiries per request . 

September. 1979 
Please use before October 31. 1979 

Tear off and mail to 
H A M  RADIO MAGAZINE . "check off" 

Greenville . N . H . 03048 

NAME 

CALL . . . . . . . . . . . . . . . .  

STREET 

. . . . . . . . . . . . . . . . . . .  STATE . . . . . . . . . . . . . . . . . . .  ZIP 

AUTUMN ACTION 
Cushcraft "boomer" . . . . . . . . . . . . .  $69.95 
KLM 144-148- 131b . . . . . . . . . . . . . . . .  59.95 
OMNI-J 8 heavy duty magnet mount 

complete . . . . . . . . . . . . . . . . . . . . .  . 4  9.95 
TRlEX W-51 FT self-su port tower (Re 

$891) Your cost ( ~ ~ l ~ a l i f o r n i a )  . . 781.00 
Tonna F9FTAntennas 144116el . . . .  . 6  9.95 
Klitzing VHF-UHFAmplifiers 

2M 10W in . lOOW Out . . . . . . . . . .  179.00 
43210Win.50WOut . . . . . . . . . . .  189.00 

Bird 43 and slugs . UPS paid in USA . . stock 
Microwave Modules 432.288 . . . . . . .  299.00 

Deluxe Amp . 432-100W output . . .  449.00 
TelrexTWEM, in stock . . . . . . . . . .  .415.00 
New Palomar Engr . Trans . Preamp . . .  89.50 
Bencher Paddles - 39.95 Chrome 49.95 
ETO 76 Amplifiers . . . . . . . . . . . . . . . .  stock 
Lunar 6M-2M-220 In Line Preamps . . .  49.95 
Lunar 2M Amp 10-80 wIPreamp, 

UPS Paid USA . . . . . . . . . . . . . . . . .  198.00 
Janel QSA-5 . . . . . . . . . . . . . . . . . . . .  . 4  1.95 
Ham X . . . . . . . . . . . . . . . . . . . . . . . . .  189.00 

NEW Ham.4 . . . . . . . . . . . . . . . . . . .  139.00 
VHF Engrs . blue line amps . . . . . . . . .  stock 

VHF Kits . . . . . . . . . . . . . . . . . . . . . .  stock 
Cetron 57213 . . . . . . . . . . . . . . . . . . . . .  29.50 
Midland 13-509220 MHz- 12ch . 10W 159.00 

13-513 220 MHz synthesized 
20-10-2W . . . . . . . . . . . . . . . . . . . .  .389.00 

Motorola HEP 170 . . . . . . . . . . . . . . . . . .  0.29 
Mallory 2.5A11000 PIV Epoxy Diode . . .  0.19 
Non Linear Systems Miniscope- 15 . 318.00 

Miniscope . 215 . . . . . . . . . . . . . . .  .435.00 
- 10%. accessories available 

Aerovox 1000PF1500V Feed thru . . . . . .  1.95 
GE6146Bor8950 . . . . . . . . . . . . . . . . . .  7.95 
Technical Books: Ameco . ARRL, Sams. 

Tab. Rider Rad~o Pub., Callbook. Cowan. 
etc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Call 

NEW Belden 9405(2#16)(61118) 8 wire rotor 
cable . heavy duty for long runs . . . . .  0.28 

. . . . . . . .  . 8448 std 8 w~re  rotor. per ft 0.17 
9888 doubleshield RG8 Foam . per ft.0.42 
8214 RG8 Foam . . . . . . . . . . . . . . . . . .  0.26 
8237 RG8 . . . . . . . . . . . . . . . . . . . . . . .  0.23 
8267 RG213 . . . . . . . . . . . . . . . . . . . . .  0.59 

Amphenol Silver Plate PL259 . . . . . . . .  0.59 
Times l/z " Foam Hardline $0.651ft. - 

Connectors . . . . . . . . . . . . . . . .  ea . 15.00 
718" Hardline $l.SO/ft. - 
Connectors . . . . . . . . . . . . . . .  ea . 25.00 

Berktek RG8X.52ohm. KW . . . .  per ft . 0.16 
Consolidated HD-18 Ga . Galv . Tower, 

10' section . . . . . . . . . . . . . . . . . . .  . 2  9.95 
Robot "Slow Scan" Now In Stock . . . .  Call 
Alliance HD73 Rotor . . . . . . . . . . . . .  109.95 
Teletow'r-self support- 

. . . . . . . . . . . . . .  55 ftlw breakover 549.00 
40 ftlw breakover . . . . . . . . . . . . . .  399.00 

Swan TB4ha . TB3ha, TB2 . . . . . .  20% off list 
Collins replacement parts available . 

Telrex Antennas? In Stock! 
Looking forantique parts? 

Write specif~c need to W5GJ . 

THIS MONTH'S SPECIALS: 
lcom IC280 - $349.00 

DenTron GLA 1000 Amp . $319.00 
Bearcat 250, 220 - $299.00 

DenTron Clipperton L - $499.00 
MASTER CHARGE VISA 

All prlces fob Houston except where lndlcated . 
Prlces subject t o  change without notlce. all I tems 
guaranteed . Some Items subject prior sale . Send 
letterhead for Dealer prlce l is l  . Texas residents 
add 6% tax . Please add postage estimate $1 00 
mlnlmum 

MADISON 
ELECTRONICS SUPPLY, INC . 

1508 McKlNNEY 
HOUSTON, TEXAS 77002 

71 31658.0268 

AED Electron~cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
Aluma Tower Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Arn~don Associates . . . . . . . . . . . . . . . . . . . . . . . . .  104 
Anteck. lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Apollo Products . . . . . . . . . . . . . . . . . . . .  114 
Astron Corporation . . .  . . . . .  112 
Atlant~c Surplus Sales . . . . . . . . . . . . . . . . . . .  122 
Barry Electronics . . . . . . . . . . . . . . . . . . . .  110 
Budwlg Mfg . Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Cal Crystal Lab lnc 124 
Cedar Valley Radio Club . . . . . . . . . . . . . . . .  116 
Communications Center . . . . . . . . . . . . . . . . . . . . . .  95 
Communications Speclalists . . . . . . . . . . . . . . . . . . .  118, 119 
Creative Electronics . . . . . . . . . . . . . . . . . .  76 
Curtis Electro Dev~ces . . . . . . . . . . . . . . . . . . . . . .  108 
Cushcraft . . . . . . .  . . . . . . . . . . . . . . . . . . .  59 
DCO.lnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
DSl Instruments . . . . . . . . . . . . . . . . . . .  70.71.93. 117 
DX Eng~neering . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Dames Communicat~ons Systems . . . . . . . . . . . . .  124 
Data Signal . Inc . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 
Daytapro . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
Dave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
Denson Electronic Corp . . . . . . . . . . . . .  112 
Drake Co .. R . L . . . . . . . . . . . . .  78 thru 91 
Eagle Electronics . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
Ehrhorn Technological Operat~ons . . . . . . . . . . . . . . . . .  127 
Electronic Research Corp . of V~rgin~a . . . . . . . . . .  123 
Erickson Communications . . . . . . . . . . . . . . . . . . . .  125 
Fa~r Radlo Sales . . . . . . . . . . .  108 
Fox-Tango Corp . . . . . . . . . . . . . . .  116 
G Et C Commun~cat~ons . . . . .  96 

. . . . .  GLB . . . . . .  . . . . . . . .  112 
Gem Quad Products . . . . . . . . . . . . . . . . .  122 
Gray Electron~cs . . . . . . . . . . . .  108 . . . . . .  
Gregory Electronfcs . . . . . . . . . . . . . . . .  96 
Hal Communtcat~ons Corp . . . . . . . . . . . . . . .  77 
Hal Tron~x . . . .  76.94 
Ham Radlo Magaz~ne . . . . . . . . . . . . .  122 
Heath Company . . .  . .  33 
Helghts Mfg . Co . . .  . . . .  76 

. . . . .  Henry Rad~o Stores Cover ll 
Holdings Ltd . . . . . . . . . . . . . .  122 
IRL . . . . . . . . . . . . . . . . . . . . . . . . .  75 
Icom . . . .  . . . . . . . . . . . .  5 
Info~Tech . . . . . . . . . . . . . . . .  105 
lnternat~onal Crystal . . . . . . . . . . . . . .  43 
Jameco Electron~cs . . . . . . . . . . . . . . . . . . . . . . .  107 
Jan Crystals . . .  . . . . . .  122 
Jones. Marltn P b Assoc . . . . . . . . . . . . . . . . .  109 
KLM Eiectrontcs . Inc . . . . . . . . . . . . .  1 
Kantronlcs . . . .  . . .  106 
Tr~o Kenwood Commun~car~ons. Inc . . . . . . . . .  7. 64 . 65 
Klaus Radio. Inc . . . . . . . . . . .  . . 104 
LTron~cs . . . . . . . . . . . .  76 
Long's Electron~cs . . . . . . . . . . . .  128 
Lunar Electronics . . . . . . . . . . . . . . .  53 
MFJ Enterprises . . . . . . . . . . . . .  2 
Madison Electron~c Supply 53 . 58 . 75. 98. 116 . 124 . 126 

. . . . . . . . . .  M~crowave F~lrer . Inc . . . 116 
P C Electron~cs 106 
Palomar Engineers 92 . 123 
RIW Products 122 
Rad~o Amateur Callbook 98 
Rad~o World 112 
Ramse) Eiectrontcs 113 
SST Electroncs 104 
Saroc 124 
Sherwood Englneerlng 114 116 
Shure Brothers Inc 103 
Space Electron~cs 122 
Spectronocs 114 
Spectrum Commun~car#ons 125 
Spectrum lnternar#onal 47 
Swan Elecrron~cs 10 11 
TCI 106 
TPL Commun~cat~ons 58 
Telrex Laborator~es 114 
Ten Tec 9 
The Commun~cat~on Center 112 
Thomas Commun~cat~ons 115 
Trl Ex Tower Corporation 97 
Van Gorden Eng~neer~ng 124 
Vanguard Labs 124 
Varlan E~mac D~vhs~on Cover lV 
Webster Assoc~ates 124 
Western Elecrron~cs 1 22 
Wh~tehouse G R €I Co 111 
Wllson Electron~cs 69 
Wllson Systems 99 100. 101 102 
Xltex Corporatoon 96 
Yaesu Electron~cs Coro Cover Ill 





I 
a rn ~ o n g ' s b  

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru "1 Friday. 
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ALL NEW 

FT-IOIZD 
backed by a proud tradition, is yours to enjoy in the 

from YAESU. A host of new features are teamed 
with the FT-101 heritage to bring you a top-dollar value. See your dealer today 
for a "hands on" demonstration of the performance-packed FT-101ZD. 

r s t  tront panel, plus heavy Dignal plus analog frequency 
readout. Digital display resolu- 
tion to 100 Hz 

Rugged 61468 linal ampllller 
tubes with RF negative l e d  

1-in RF speech processor 
nore "talk power" when you RF and AF gain controls located 

on concentric shafts lor 
operator convenience 

Fullbandcoverage: 160 through 
10 meters, plus WWVJJJY 

ration. Choice of wide o n, RX, or transceive f r a l u e n ~ ~  
vw bandwidth lor CW (with offset from main dial lrequency 
anal CW filter installed) 

synthesized scam 
(option). FV-901 DM 
scanners plus 40 ire- 

quency memory bank. 

SPECIFICATIONS 
TRANSMllTER GENERAL RECEIVER 

PA Input Power: Frequency Coverage: Sensitivity: 
180 watts DC Amateur bands from 1.8-29.9 MHz. plus 0.25 uV for S/N 10 dB 
Carrier Suppression: WV/JJY (receive only) Selectivity: 
Better than 40 dB Operating Modes: 2.4 KHz at 6 dB down. 4.0 KHz at 60 dB down 
Unwanted Sideband Suppression: LSB. USE. CW (1.66 shape factor); Continuously variable be- 
Better than 40 dB @ 1000 Hz. 14 MHz Power Requirements: tween 300 and 2400 Hz (-6 dB); CW (with 
Spurious Radiation: 100/110/117/200/220/234 volts AC. optional CW filter installed): 600 Hz at 6 dB 
Better than 40 dB below rated output 50/60 Hz; 13.5 volts DC (with optional DC-DC dwn. 1.2 KHz at 60 dB down (2:l shape factor) 
Third Order Distortion Products: converter) Image Rejection: 
Better than -31 dB Power Consumption: Better than 60 dB (160-1 5 meters): Better than 
Transmitter Frequency Response: AC 1 17V: 75 VA recelve (65 VA HEATER OFF) 50 dB (1 0 meters) 
300-2700 Hz (-6 dB) 285 VA transmit; DC 13.5V: 5.5 amps receive IF Rejection: 
Stability: (1.1 amps HEATER OFF). 21 amps transmit Better than 70 dB (160. 80. 20-10 m): Better 
Less than 300 Hz in first 30 minutes after 10 Sire: than 60 dB (40 m) 
mln. warmup; less than 100 Hz after30 minutes 345 (W) x 157 (H) x 326 (D) mm Audio Output Impedance: 
over any 30 min. period Weight: 4-16 ohms 
Necrative Feedback: 6 dB @ 14 MHz Approximately 15 kg. Audio Output Power: 
~n i enna  Output impedance: 
50-75 ohms. unbalanced COMPATtBLE W/TH 

FT-SO1 DM ACCESSORIES 

3 watts @i0% THD (into 4 ohms) 

Prloe And Spec~ftcattons Sublecf To 
Change Wlrhoul Noltce Or Obl~gat~on 

YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 PrincetonGlendale Rd.,Cincinnati, OH 45246 



Heat hkit SB-221 linear amplif ier 
uses ElMAC 3-500Zs for 

efficiency,economyand performance. 

Designed for 
rugged service. 
The new desktop Heathkit 
SB-221 linear amplifier pro- 
vides up to 2000 watts 
PEP input for SSB and 
1000 watts input for 
CW service. Only 100 
watts drive power is re- 
quired to achieve these 
power levels. 

Designed for rug- 
ged contest and traffic 
service, the SB-221 uses 
the highest grade compon- 
ents including two EIMAC 
3-5002 high gain power 
triodes, well-known for their 
reliable, efficient performance. 
One thousand watts of plate dissipation 
is available from the two tubes, providing 
ample safety factor for long life service. cia1 broadcast, FM and point-to-point 

radio systems where reliability and long 
life are paramount. 

Make sure this fine EIMAC 3-5002 
is in your equipment. For full details and 

The designer's choice. a data sheet on the 3-5002, write Varian, 
Top-notch equipment designers, such as EUlAC Division, 301 Industrial Way, 
Heathkit, choose EIMAC power tubes San Carlos, CA 94070. Or  contact any 
for commercial as well as amateur prod- of the more than 30 Varian Electron 
ucts. The 3-5002 power tube used in Device Group Sales Offices throughout 
the SB-221 also serves in many commer- varian the world. 
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