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IT'S A FACT.. . HENRY RADIO STILL PRODUCES THE BROADEST LINE OF SUPERIOR QUALITY AMPLIFIERS IN THE WORLD. 

WHETHER FOR AMATEUR RADIO, COMMERCIAL OR MILITARY USE, WE OFFER A CHOICE OF FIELD PROVEN STATE- 

OF-THE-ART UNITS TO FIT THE REQUIREMENTS AND BUDGETS OF THE MOST DISCRIMINATING USER. 

- 
&, IYQ-5  ... the newest member of the famous Henry Radlo famlly of flne 

ampllflem. And we're stlll convlnced that It's the world's flnest llnear In 
Its class. The 1KD-5 was deslgned for the amateur who wants the quallty and dependablllty of the 
2KD-5 and 2K-4, whomay prefer the smaller slze, llghter welght and lower prlce and who wlll settle 
for a llttle less power. But make no mistake, the 1KD-5 Is no slouch. Its 1200 watt PEP Input (700 
watt PEP nominal output) along wlth Its superb operatlng characterlstlcs will stlll punch out clean 
powerful slgnals ... slgnals you'll be proud of. Compare Its speclflcatlons, Its features and Its flne 
components and we're sure you wlll agree that Ihe 1KD-5 Is a superb value at only $695. 

r We have been suggesting that you look lnslde any ampllfler before you 
I& Pm-9 buy It. We hope that you will. If you "lift the Ild" on a 2KD-5 you wlll see 

only the hlghest quallty, heavy duty components and careful workmanshlp ... attributes that 
promise a long llfeof contlnousoperatlon In any mode at full legal power. The 2KD-5 Isa 2000 watt 
PEP input (1200 watt PEP nomlnal output) RF llnearampllfler. coverlng the80,40.20, and 15 meter 
amateur bands. It operates with two Elmac 3-5002 glass envelope triodes and a PI-L plate clrcult 
wlth a rotary sliver plated tank coil. Prlce $945. 

And don't forget the rest of the Henry famlly of amateur ampllflem ... the Tempo 2002 hlgh power 
VHF ampllfler and the broad line of top quallty solld state ampllflem. Henry Radlo also offers the 
3K-A and 4K-Ultra superb hlgh power H.F. ampllflers and a broad line of commercial FCC type 
accepted ampllflem for two way FM communlcatlons coverlng the range to 500 MHz. 

NEW TOLL FREE ORDER WUMBEA: (8001 421-6631 ' 6 *-- A 

For all slates except Calt lorn~a 
Call1 res~dents please ca l l  collect on our regular numbers -, ' 

11240 W. Olympic Blrd.,Los Angela. Calif. 90064 213,477-6701 
931 N. Euclld. Anahelm. Cal~f 92801 714/772.9200 
Butler, M~ssour~ 64730 8161679.3127 
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Run up to 3 KW or 1.5 KW PEP and match everything from 1.8 thru 

MFJ-980 3 KW VERSA TUNER IV 
Heavy duty encapsulated 4:1 ferrite 
balun for balanced lines. 

EXCLUSIVE RF AMMETER 
insures maximum power to antenna at 
minimum SWR. Built-in dummy load. 

This is MFJ's k t 1  3 KW Versa Tuner IV. The MFJ.984 Deluxe 3 KW 
Versa Tuner IV glves you a combination of quality, performance, and 
features that others can't touch at th~s price. 

An exclusive 10 amp RF ammeter insures maximum power to antenna 
at rnlnimum SWR. A separate meter gives SWR, forward, reflected power 
in 2 ranges (2000 and 200 watts). 

Versatile antenna switch lets you select 2 coax lines thru tuner and 1 EJ MFJ-962 1.5 KW VERSA TUNER Ill 
thru or direct, or random wire, balanced line or dummy load. SWR, dual range forward end reflected 

A 200 watt 50 ohm dummy load lets you tune your exciter olf air for power meter, 6 position antenna 
peak performance. Eff~cient, encapsulated 4:l ferrite balun. switch, encapsulated 4:1 ferrite balun. 

@ MFJ-981 3 KW VERSA TUNER IV The MFJ-962 1.5 KW Versa Tuner 1 is an exceptiorial value. 
An accurate meter gives SWR, forward dreflectedpower in 2 ranges 

Accurate meter gives SWR, forward (2000 and 200 watts). 
A versatile six posilion antmna switch lets you select 2 coax lines thru 

tuner or dlrect, or random wire and balanced line. Encapsulated 4:l  balun. 

in 2 ranges: 2000 and 200 watts. Encapsulated 4:l ferrite balun. 

MFJ-982 3 XW VERSA TUNER IV MFJ-961 1.5 KW Versa Tuner Ill 
6 position antenna switch lets you 

Antenna switch lets you select 1 coax select 2 coax lines thru tuner or direct, 
thru tuner and 2 coax thru tuner or or random wire and balanced line. 
direct, or random wire and balanced line. 

the MFJ-961 is for you. 

Why not visit your dealer today? Compare these 3 KW and 1.5 KW Versa Tuners to other tuners. You'll be convinced that its value, 
quality and features make it a truly outstanding value. If no dealer is available, order direct from MFJ and try it. If not delighted, 
return It within 3 0  days for a prompt refund (less shipping). Charge VISA, MC. Or mail cneck, money order plus $10 shlppinglhandling. 

For technical Information, o r d e r l r e p a l r  status, In Misslsslppl, o u t s i d e  continental USA, call 601 -323-5869. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On 
P. 0. BOX 494 LEI l!ilbiN M F J ENTERPRISES, I NC. MlsslsswI STATE, MIssIssIPP139762 
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The 1979 World Administrative Radio Conference (WARC) concluded just as the January issue was 
going to press, so I was unable to comment editorially on our good fortune in Geneva. It's no secret that 
I've been cautiously optimistic about WARC for some time, and as I predicted almost a year ago, Amateur 
Radio remains in possession of the same high-frequency spectrum as we've had for the past several 
decades; three new HF bands are our bonus for the 1980s. The international Amateur Radio community 
went to WARC very well prepared, thanks to long years of behind-the-scenes work by the International 
Amateur Radio Union (IARU), the various national societies, and dozens of Amateur Radio volunteers - 
these are the same people who remained optimistic about WARC throughout the long years of preparation. 
The Wizard of Woe, who expected WARC to be a complete disaster and forecast the end of Amateur 
Radio in the 1980s, was last seen skipping off to the Land of Oz with one foot in his mouth. 

I first became aware of plans to pursue new ham bands at 10, 18, and 24 MHz more than five years ago, 
but quite frankly I considered the possibility of any new high-frequency spectrum as more pipe dream than 
reality. When WlRU announced the new bands at the Dayton Hamfest in 1974, 1 think most amateurs 
thought the pressure for new bands was a ploy to maintain the status quo; you know the old game: ask for 
more than you want so you can keep what you already got. Apparently the movers and doers of Amateur 
Radio who started preparing for WARC in the mid 1970s thought otherwise. 

A. Prose Walker, W4BW, Chief of the FCC's Amateur and Citizens Division in those years was in- 
strumental in arranging for the propagation studies that were conducted to show how long-distance 
Amateur communications links would be greatly enhanced and made more reliable with new allocations at 
10, 18, and 24 MHz; Prose deserves a great deal of praise - and thanks - for getting the WARC prepara- 
tions underway at such an early date. Without his foresight and experience I don't think Amateur Radio 
would have survived WARC in such good shape. Amateur Radio is also indebted to the dozens of 
dedicated volunteers who served on the FCC's Amateur Radio Advisory Committees, often at great per- 
sonal expense, and to the ARRL and IARU staffers who convinced other national societies to get their 
WARC preparations underway early and then coordinated those activities. 

What about those new bands? What are their propagation characteristics? How soon can we expect to 
have them available for Amateur Radio use? To answer the last question first, it will be quite awhile before 
you begin hearing ham signals on these bands; probably 1982 for 10 MHz, and not before 1985 for 18 and 
24 MHz. The long delay for the top two bands is because Amateur Radio stations will not be permitted to 
take possession of these exclusive frequencies until all existing fixed services have moved to new 
assignments; the transition will occur between July, 1984, and July, 1989, so it will be nearly five years at 
the earliest, and significantly longer if any of the present users feel like dragging their feet. 

It may not be obvious, but the frequencies of the three new ham bands were very carefully chosen - 
each band is very near the geometric mean of the two existing, adjacent bands. This is optimum band 
placement for maximum propagation enhancement, so it should be possible to maintain long-distance 
radio communications for many more hours each day than is possible with our present allocations. 

Practically all of the new rigs which use phase-locked loops already cover the new bands (although they 
are not presently programmed to transmit there); some will require simple modifications, but you can be 
sure the manufacturers are already working on them - and will have mod kits available by the time the 
new bands are opened. And when the new frequencies do become available, most of the equipment 
makers will be marketing ham gear with even more features than they offer now! Thanks to WARC, the 
future for Amateur Radio is bright, and the decade of the 1980s promises to be exciting - both to 
Amateur Radio and to the technology which will become available to us. 

Jim Fisk, W1HR 
editor-in-chief 

4 a february 1980 
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compact loop antenna 
Dear HR: 

W6TC's article on the compact 
loop antenna in October ham radio 
essentially describes the antenna I 
have used for several years. I impro- 
vised the antenna out of desperation 
because my station was over pure 
sand, and grounded verticals simply 
did not work. Contrary to the title of 
his article, I was searching, not for a 
DX antenna, but a general-purpose 
antenna for all bands that would work 
reasonably well in an area with ex- 
tremely poor ground conductivity. In 
addition, I wanted an antenna that 
would cover the entire 75180-meter 
band. The antenna has satisfied all 
these requirements. 

The antenna books give the reso- 
nant impedance of a full-wave loop as 
about 105 ohms; measurements con- 
firmed this figure. To  cover the 
75180-meter band, the loop was cut 
for about 3950 kHz (248 feet). A 17 
pH roller coil in series with the un- 
grounded side at the feed point reso- 
nated the antenna at 3550 kHz. The 
impedance had dropped to about 25 
ohms. Fed with RGSIU coax, the 
antenna has an SWR never more 
than 2: l .  

The original antenna was in a pen- 
tagon configuration. The feed point 
was near ground, with the roller coil 
in a weather-proof metal box. The 
two ends of the loop sloped upwards 
in a sort of "inclined V" configuration 
to the first pair of masts, one on 
either side of the lot. With a maxi- 
mum height of 20 feet, this antenna 

was definitely not a DX antenna. I t  
was a high-angle radiator, as ex- 
pected, but on 75 meters it outper- 
formed a dipole at the same height up 
to distances of 400 to 500 miles. A t  
increasing distance, even an ineffi- 
cient vertical antenna did better. 

In the CW portion of the 40-meter 
band a series inductance of 9 pH is re- 
quired for resonance. This results in 
rather high rf voltages on the antenna 
side of the coil, and an SWR of about 
2.5:l. Numerous contacts with 1-watt 
QRP CW on 40 meters, in the middle 
of the day, at distances of several 
hundred miles and with consistent 
reports of S6-S9, indicate excellent 
performance. 

A t  my present station, the antenna 
has been erected in a delta-loop con- 
figuration with about the same re- 
sults. Feeders have been dispensed 
with (except for 10 feet of coax from 
transmitter to tuner). Romex wire 
carries the loop ends through the ceil- 
ing of shack up to the peak of the 
roof, and through the gable. (Since 
I'm in a remote area, I can get away 
with this. However, I can run a TV set 
on rabbit ears in the shack - except 
on 40 meters.) 

W.S. Skeen, W6WR 
Hornbrook. California 

W3VT memory keyer 
Dear HR: 

A builder of the deluxe memory 
keyer featured in the April issue has 
written, pointing out that under some 
conditions a slight click occurs in his 
unit during manual sending each time 

the keyer clock control line goes high. 
This click was also present in the orig- 
inal version, but was barely percep- 
tible in the monitor and did not seem 
objectionable; perhaps in some other 
units it might be severe enough to be 
a problem. Following is an explana- 
tion and the solution. 

The click occurs during manual 
sending when sending from memory 
has been stopped at a memory loca- 
tion with a high data bit; this can hap- 
pen when the memory is stopped by 
the stop button or interrupted by 
manual sending. The memory output 
control U13B is held high by the low 
on the keyer control line at U13B pin 
10, inhibiting the output even though 
the other three inputs (pins 9, 12, and 
13) are high. When the control line 
goes high, U3B inverts the control 
line signal and applies the low to 
U13B pin 9, which continues to inhib- 
it memory output. There is a momen- 
tary gap in the inhibition process, 
however, due to propagation delay in 
U3B. 

The cure is simple and requires 
only slight surgery on the memory 
board. 

First, remove the keyer clock con- 
trol lead from the designated eyelet 
on the board. From this eyelet, con- 
nect a 0.047-~F (or o . l - ~ F )  capacitor 
to the nearby ground foil. Next, re- 
move the jumper which connects the 
clock control line to pin 9 of U4, and 
replace the jumper with a 150-ohm 
resistor. Connect a new jumper from 
the bottom end of this resistor (near 

(Continued on page 74) 
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VHF, UHF, AND MICROWAVE ALLOCATIONS for the Amateur Service by the World Administra- 
tive Radio Conference (WARC) are just as impressive as those below 30 MHz. As outlined 
here last month, all present VHF and UHF bands remain essentially unchanged for U.S. 
Amateurs, though the replacement of Radio Location by the much more aggressive Fixed and 
Mobile Services as co-Primary sharers of 220-225 MHz signals a problem with that band. 
The addition of an Amateur Secondary allocation at 902-928 MHz is a positive move, and 
an Amateur slot in that band could become available when the WARC accord becomes effec- 
tive on January 1, 1982. 

At Microwave, Amateur Radio did lose 1215-1240 MHz but kept 1240-1300 with a satel- 
lite uplink subband at 1260-1270 MHz. The 2300-2450, 3300-3500, 5650-5925, and 10000- 
10500 MHz bands all remained Amateur Secondary as before, but with new subbands on all 
four for Amateur Satellite use. 24-24.25 GHz continues Amateur and Amateur Satellite, 
but we now have worldwide allocations at 47-47.2, 75.7-81, 119.98-120.02, 142-149, and . 241-250 GHz with a good portion of most, Amateur and Amateur Satellite Primary. 

Morse Code Ability will still be required of Amateurs worldwide, but only below 30 MHz 
instead of 144 MHz as before. Another regulation change provides for the use of the 3.5, 
7.0, 10.1, 14.0, 18.068, 21.0, 24.89, and 144 MHz Amateur bands for emergency communica- 
tions between both Amateur and other services during times of natural disaster. Resolu- 
tion CR prohibits broadcasters from using 7.0-7.1 MHz. with more success, it's hoped. 
than similar previous attempts. 

Amateur Radio Came To Geneva as one of best - if not the very best - prepared of all 
the services, and the results surely show it. Amateur Radio's tremendous success at the 
WARC reflects more than five years of effort by the IARU, national societies, and individ- 
ual Amateurs throughout the world. Special credit goes to the IARU's WARC delecation; 
G2BVN, G5C0, and SP5FM, representing Region 1, HK3DEU and WSPBG, Region 2; JAlNET, ZL2AZ 
and 9VIRH. Region 3; and VE3CJ. WlRU, KlZZ, WOKFC, WA6IDN, and WBBWJ, IARU Headquarters. 
A heartfelt thanks from all Radio Amateurs. 

AMATEUR RADIO'S STRONG WARC showing was due in no small part to the U.S. government's 
very positive pro-Amateur Radio position, which in turn was the result of a well organi- 
zed and hard working FCC Advisory Committee on Amateur Radio (ACAR). About 70 U.S. Ama- 
teurs participated in the ACAR meetings, and their efforts are deserving of recognition. 
The ACAR rostor reads: KlCCL, WlHDQ, WlHGI, KlHZN, WlJR, IJlNLB, WINXI, WlRU and KlZZ; 
W2ALS, W2DE0, WZDU, W2ECH. WZGIIK, W2HD, WAZINB, KZMGA, and W20D; W3ASK. W3BE, K3BRS. 
W3BLC. K3DC, W3DXA, W3FU, W3GG0, W3ICM. WA3IHW, W3JPT. W3KMV, WA3LND, W30KN, W3PK., W3PS. 
W3SWD, W3VW, WA3WRS. and W3XO; W4AAW, WA4AJF. W4BRB, WGBW, KLBZ, K4BZF, T.J4FZ, W4GF. 
K4GTS, W4JOP, KCKDY, W4KFC. W4LVC, WBLLWX, IJ4MB, W4NSP, K4NSS. W400, K4VOW. WGZC, and 
W4ZM; W5EYR; W6DW, W6EJK. W6GD. W6GNX, WA6GYD. K6HCP, K6HIJ. W6ISQ, WB6JPI. W6KAP, K6LFH, 
WB6NMT, W60HQ, W6SA1, W6UF, K6UQH, K6VGP, and W6ZH; KB9F0, W9JW, and W9KOI; W/AR, IJOBWJ, 
and W0IUF; and KH6IJ. The efforts of these Amateurs, often at considerable personal 
sacrifice, should be appreciated by Amateurs worldwide. Thanks K4NSS for invaluable 
assistance in preparation of this list, for which W9JW takes sole responsibilitykfor 
errors and omissions. Any errors will be cheerfully corrected in next month's Ham Radio. 
Current callsigns of ACAR members, if known, were used in the list. 

TYPE ACCEPTANCE TESTING of solid-state linear amplifiers for the Amateur Service has 
been reinstated, at least for a trial period through July lst, after FCC's unexplained 
termination of the program in late 1978, which drew heavy fire from Ham Radio editor-in- 
chief, WlHR. Ten Tec's new Model 444, the Hercules kilowatt linear, is being resubmitted 
and could be available within the next several months. 

"VOLUNTEER AMATEUR EXAMS ARE ILLEGAL!", the FCC's General Council declared at a Com- 
mission meeting in late December. The bombshell announcement came as the Commissioners 
discussed terminating Docket 20679, the Notice of Proposed Rule Making that would have 
required volunteer examiners to submit photocopies of their licenses when requesting an 
exam. The judgment appears to stem from recent Congressional concern that some govern- 
ment agencies were improperly expanding their staffs without approval of Congress, by use 
of volunteers and contractors. When the legal staff reviewed the volunteer program in 
connection with Docket 20679, they concluded it is illegal and thus must be terminated. 

What Effect Termination will have on existing training programs and U.S. Amateur growth, 
not to mention the added burden on FCC's Field Offices, remains to be seen. For the first 
three years of the Novice program its exams were all Field Office administered; responsi- 
bility for Novice exams has rested with the Amateur Service since June, 1954. 

A SUCCESSFUL LAUNCH of the Ariane LO1 launch vehicle was carried out December 24th, 
from Korou, French Guiana, after a 24-hour delay due to bad weather. Launch took place 
at 17152, successfully putting a ballast payload into a highly elliptical Earth orbit 
similar to the initial orbit expected for the AMSAT Phase 111-A spacecraft. 

The Test Proved to be an excellent dry run. Both the launch vehicle and the communi- 
cations procedures to be used by the European Space Agency during and immediately after 
a launch attempt worked well. The test clears the way for the LO2 mission, scheduled for 
late May, 1980, which will carry the Phase 111-A satellite. 

8 february 1980 



THE OMNl SYSTEM - tools of the trade for serious 
DX operators. contesters, traffic, nets, or just rag 
chewing - designed to give you the operating edge. 
Simply Super. The keynote of a Ten-Tec OMNl is simplicity of 
operation combined with super performance. No Mcky con- 
trols. n o  distracting readings. n o  fussy adjustments. Your 
operating is pure enjoyment. unhampered by complexity, 
enhanced by features that are meaningful, advanced by options 
that are realistic. 

Instant Band Change-to catch the openings. Just flip the 
bandswitch, no tuning the transmitter. A convenience originated 
by Ten-Tec in modern transceivers. 

Full Break-In-for CW with perfect timing. for a real 
conversation in code. And slow break-in at the flip of a switch to 
suit band conditions or quiet mobile operation. 

Ultra Selectivity-to fit any band condition. Standard 2.4 
kHz 8-pole crystal ladder filter for normal reception; optional 
1 .8 kHz filter ($55) operates in series with the 2.4 kHz filter to 
transform a n  unreadable signal in heavy QRM into one that gets 
the message through; optional 0 .5 kHz &pole filter ($55) 
provides steep, deep skirts to the CW passband window to cut 
out even those strong adjacent signals; standard 150 Hz CW 
active audio filters have three ranges (450. 300, 150 Hz) for 
further attenuation of adjacent signals and band noise. 

Variable Notch Filter-to eliminate interfering carriers and 
CW signals. Attenuation is more than 8 "S" units (over 5 0  dB). 

Six-Function Separate  VFO-for complete versatility in 
working DX. Independent transmit and receive frequencies with 
OMNI; reversible at the touch of a bunon for full monitoring of 
the action. Even allows simultaneous reception on both VFO 
and OMNl with transmission on either. LEDs show status. An 
optional operating bargain at $139. 

Speech Processor and Microphone-to extend your operat- 
ing range under adverse conditions by increasing average 
envelope power without derating the OMNl power limits and 
with minimum distortion. Model 234 is a true RF processor, 
model 214 is a peak-free condenser microphone. An optional 
system for optimum speech energy; 2 3 4  is $124. 2 14 is $39. 

Electronic Keyer-key to perfect CW. Styled to match 
OMNI; self-completing; dit and dah memories with individual 
defeat switches; automatic variable weighting; adjustable 
magnetic paddle return; and more for just $85. 

Matching Power Supply-to completely power the OMNl 
system. Regulated, over-current protected, switched from 
OMNl or front panel, and only $139. 

Plus All These Famous Standard Features of OMNI-All 
Solid-State, 160-10 Meters. Built-in VOX and PTT, Dual-Range 
Receiver Offset Tuning, Wide Overload Capabilities. Adjustable 
Sidetone Tone and Level, Exceptional Sensitivity, 200 Watts 
Input. Adjustable ALC, 100% Duty Cycle, Phone Patch 
Interface Jacks. Zero-Beat Switch, "S7'/SWR Meter, Dual 
Speakers, Plug-In Circuit Boards, Complete Shielding. Rigid 
Light-Weight Aluminum Construction. Comfortable Operating 
Size (5%"h x 1 4 % ' ' ~  x 14"d). 

Model 545 Series B OMNI-A (analog transceiver) $ 949 
Model 546 Series B OMNI-D (digital transceiver) $1 119 

Get The Operating Edge - Get The OMNl System. See  
your Ten-Tec dealer or write for full details. 

TE N -TEC , INC. 
S E V I L R V I L L E .  T E N N E S S E E  31862 irqr . .ill)LN b I ,,, 

TEN-TEC, HF equipment supplier t o  
Winter Olympics Radio Amateur Network (WORAN) 





A fresh idea! 
Our new crop of tone equipment is the freshest thing growing 
in the encoder/decoder field today. All tones are instantly 
programmable by setting a dip switch; no counter is required. 
Frequency accuracy is an astonishing _+ . I  Hz over all temper- 
ature extremes. Multiple tone frequency operation is a snap 
since the dip switch may be remoted. Our SS-32 encode only 
model is programmed for all 32 CTCSS tones or all test tones, 
touch-tones and burst-tones. r., 

TS-32 Encoder-Decoder 
Size: 1.25" x 2.0" x .40" 
High-pass tone filter included that may be muted 
Meets all new RS-220-A specifications 
Available in all 32 EIA standard CTCSS tones 

SS-32 Encoder 
Size: .9" x 1.3" x .40" 
Available with either Group A or Group B tones 

Freauencies Available: 
I Group A I 

- 

Frequency accuracy, + . I  Hz maximum - 40°C to + 85°C 
Frequencies to 250 Hz available on special order 
Continuous tone 

Frequency accuracy, 2 1 Hz maximum - 40°C to + 85°C 
Tone length approximately 300ms. May be lengthened, 
shortened or eliminated by changing value of resistor 

Group R 

Wired and tested: TS-32 $59.95, SS-32 $29.95 - 
V M .  ..a. a 1 &- - COMMUNICATIONS SPECIALISTS 

420 \\ cqt Tatt A ~ e n u e ,  Orange, California 92667 
(800) 854-0547/ California: (714) 998-3021 

BURST-TONES: 
1 6 0  1850 2150 2400 
1650 1900 2200 2450 
1700 1950 2250 2500 
1750 2000 2300 2550 
I800 2100 2350 

TEST-TONES: 
600 

1000 
1500 
2175 
2805 

TOUCH-TONES: 

697 1209 
770 1336 
852 1477 
941 1633 



a new class of 
coaxial-line 

A review of 
transmission-line transformers 

and balun theory, 
including problems 

with magnetic cores - 
Part 1 of a two-part series 

Most coaxial-fed antennas require a balun for op- 
timum performance; many also require a matching 
transformer. Typically, these baluns and trans- 
formers are made with magnetic core material such 
as ferrite. These devices are subject to arcing and 
linearity problems. Simple baluns and a new class of 
rf transformers which are not subject to these prob- 
lems use only coaxial line in their construction - and 
they are easy to make. 

To match the low impedance of two closely 
spaced dipoles, I needed a broadband 4:1 trans- 
former for some experiments on a low-band phased 
array. My first inclination was to go to the handbooks 
to design a ferrite-core transmission-line transformer. 
However, 1 decided that there had to be a better way. 
I had just read Doug DeMaw's article, "The Whys 
and Hows of Bifilar Filament Chokes" in QST.1 He 
expressed concern about saturation of the core 
material and corona from the windings to the core 

transformers 
when operated at high power. My search began for a 
way to make broadband transformers without mag- 
netic core material. 

background 
In conventional low-frequency transformers, 

closely coupled primary and secondary windings of 
the appropriate turns ratio are used. At radio fre- 
quencies, because of inevitable leakage reactance, 
narrowband tuned transformers are generally used 
for impedance transformation. Quarter-wave rnatch- 
ing transformers may be used but are also narrow- 
band; they are a quarter wavelengh at only one 
frequency. 

The availability of solid-state rf power devices with 
their capability for broadband performance created 
the need for broadband interstage matching, thus 
causing rapid development of transmission-line 
transformers.2.3.4 Development of ferrite materials 
also expanded rapidly during this period. 

The low-frequency response of transmission-line 
transformers is limited by winding inductance, and 
the high-frequency response is limited by resonances 
from stray capacitance; therefore, ferrite material is 
used to extend the low-frequency limit of small trans- 
formers by increasing inductance. Thus broadband 
transmission-line transformers and baluns using fer- 
rite cores have come into wide use in solid-state rf 
circuitry and Amateur antenna systems. While these 
cores are very useful, they have some disadvantages. 

By George Badger, WGTC, 341 La Mesa Drive, 
Portola Valley, California 94025 
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This article shows how to build and design broad- 
band rf transformers and baluns without magnetic 
cores. 

problems with magnetic cores 
Amateurs build or buy highly linear SSB equipment 

and effective lowpass filters to avoid TVI. We then 
subject our clean, harmonic-free signals to the uncer- 
tainties of ferrite-core transformers or baluns in our 
antenna systems. The cores in these devices are sub- 
ject to saturation and, therefore, nonlinearity. High 
permeability ferrite cores are also susceptible to per- 
manent damage at flux densities of a few hundred 
gauss.5 Tune up your linear into the wrong antenna 
just once and the damage is done. 

1 V O l l  

INPUT 

2 VOLTS 

OUTPUT 

fig. 1. Broadband transmission-line transformers are made 
of two or more transmission lines connected in parallel at 
one end and in series at the other. One volt applied to two 
coax lines in parallel at the input results in 1 volt across each 
of the lines at the output. If these two lines are connected in 
series at the output as shown, the output will be 2 volts. In 
this way a 1:4 impedance stepup is achieved. Sufficient im- 
pedance must be provided over the length of the outside 
conductors to prevent the connections at one end from 
shorting the other end. 

Magnetic materials such as ferrite, powdered iron, 
and specialty steel tapes have added greatly to the 
performance of components available to circuit de- 
signers. However, these materials should not be 
used in high-power circuits or antenna systems un- 
less they are adequately characterized regarding 
power-handling capability and saturation effects. 
This is necessary so that interaction of the material 
with your system can be thoroughly understood. Put 
another way, sufficient core material must be used to 
keep the flux density well below the saturation level. 
Data on harmonic distortion measurements, taken at 
high power on a popular commercial ferrite core 
balun, are presented in part 2 of this article. 

Ferrite baluns and transformers are usually wound 
with copper wire coated with thin enamel insulation. 
Pairs of wires are placed close together or twisted to 
make transmission lines, which are wound tightly 
onto the core. The conductors must be close, be- 
cause the surge impedance of the wire pairs must be 
correctly related to the impedances to be matched. 

For this reason, thin insulation is often used. Inade- 
quate insulation may result in arcing between wires 
or to the core when operated at high power.l.2 Those 
who have blown a balun in the heat of competition 
are all too familiar with these problems. 

transmission-line transformers 
Basically a transmission-line transformer consists 

of two or more parallel lengths of transmission line 
connected in parallel at one terminal and connected 
in series at the other (fig. 1). For example, if two 
lengths of coaxial line are connected in parallel at the 
input and 1 volt is applied, 1 volt appears at the out- 
put end of each of the two lines. If the output ends 
are connected in series so that the two voltages add, 
the output is 2 volts, thus creating a 1:2 voltage in- 
crease (1 :4 impedance transformation). Fig. 1 also 
can be used to describe a 4:1 impedance reduction; 
for example, from 50 ohms to 12.5 ohms. 

Sufficient rf impedance must be provided between 
the input and output ends of the transformer of fig. 1 
to prevent the connections at one end of the lines 
from shorting the other end of the lines. The impe- 
dance is usually provided by wrapping the transmis- 
sion lines around magnetic cores. 

the Collins balun 
By far the best balun I've ever used is the Collins 

balun which, to my knowledge, was first described in 
a book published by the Collins Radio Company en- 
titled Fundamentals of Single Sideband.6 The Collins 
balun derives its name from this reference. I believe 
the earliest reference to an Amateur application was 
in an article by K2HLT in G.E. Ham Notes in 1960.7 
The Collins balun is rarely mentioned in Amateur lit- 
erature, which is surprising in view of its superb per- 
formance. However, Bill Orr, WGSAI, describes one 
in his Radio Handbook.8 

ISOLATED 
TERMINALS 

fig. 2. Simple coiled length of coaxial line isolates output 
terminals from ground. 
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Perhaps the reason the Collins balun hasn't gained BALANCED 

popularity with Amateurs is that it's quite bulky when 
made with RG8/U. The balun is extremely simple. 
No exotic materials are used in its construction; only 
coaxial cable and insulated wire. I've used these 
baluns for years with various antennas and never had 
a failure. One has been on my three-element 10-15 
meter quad for eight years with no sign of deteriora- 
tion. There are only two disadvantages to the Collins 

UNBALANCED 
design: 1)  when made with RG-8/U, the balun is L INE 

bulky - too large for installation on a clean-design 
fig. 3. Broadband coil balun is evolved from the coiled coax- antenna system; and 2) the balun is useful only at 
ial line of ,. 

50 ohms. This article shows how to eliminate these 
disadvantages. dance of the line, the impedance versus frequency 

curve is broad. Balun performance therefore is not 
balun theory critical with respect to frequency. Data taken on 

Baluns convert energy from unbalanced coaxial 
line to balanced two-wire line by isolating the two 
balanced terminals from ground. As in the transmis- 
sion-line transformer, this is often accomplished by 
coiling transmission lines around magnetic material 
so the impedance to ground from both output termi- 
nals is high compared with the characteristic impe- 
dance of the input coaxial line. By using this tech- 
nique, shown in fig. 2, the two balanced terminals 
are "floated" with respect to ground by the isolation 
provided by the coiled-line impedance. However, a 
simple coiled length of transmission line is often not 
adequate because it doesn't contribute to the bal- 
ance of the system.9 For a balun to make this contri- 
bution, the impedance ground from both terminals 
must be nearly matched. 

Accordingly, in the Collins balun, a dummy length 
of coax is wound as a continuation of the isolating 
winding, so that the coil consists of the original 
length of coiled coax of fig. 2 plus an equivalent 
length of dummy line, as shown in fig. 3. 

The dummy-line center conductor is unused and is 
left floating, or both ends may be shorted to the 
outer conductor if desired. The dummy length of line 
causes the impedance to ground, from each of the 
two output terminals, to be nearly equal. The isola- 
tion impedance (common-mode impedance) is held 
higher than the coax-line characteristic impedance 
over a wide frequency range by the distributed ca- 
pacitance and inductance of the combined coil. The 
coil must have sufficient inductance so the impe- 
dance, at the lowest operating frequency, is higher 
than the line surge impedance. As the frequency is 
increased, the impedance increases through parallel 
self-resonance, then decreases as the frequency is 
further increased. 

Because the self-resonant circuit consisting of the 
distributed capacitance and inductance of the com- 
bined coil is loaded by the low characteristic impe- 

measurements of the common-mode impedance on 
a typical Collins balun are presented in Part 2. 

The symmetry provided by the dummy line makes 
balun performance less dependent on common-mode 
impedance and is therefore often essential in baluns 
and balanced systems.9 The isolation, balance, and 
impedance match of this class of balun are superb 
over the hf Amateur bands. Specific designs, per- 
formance data, and a systematic design procedure 
are presented in Part 2. 

new class of transformers 
Faced with the need to match a very low-impe- 

dance antenna system, I decided to try to develop a 
4:1 transmission-line transformer based on the princi- 
ples of the well-proven Collins balun. The transform- 
er was successfully developed; in fact, a new class of 
wideband transformers evolved from this'work. 

One of the nice things about an avocation - as 
compared with a vocation - is that you're not on a 
time schedule. I found that the performance of the 
4:1 transformer was so good that the idea of other 
transformer designs based on the same principles 
looked interesting. I shelved the phased-array project 
long enough to enjoy the freedom to explore the pos- 
sibilities of these transformers. The result was a 
series of broadband balanced and unbalanced trans- 
former designs that are extremely simple, made en- 
tirely of coax, and, most important, don't depend on 
ferrite or powdered-iron materials. 

design concept 
Because the Collins balun so successfully isolates 

the balanced output terminals 'from the unbalanced 
coaxial line input, it seemed reasonable that a similar 
broadly resonant configuration would provide the 
isolation necessary to the series and parallel lines of 
fig. 1. From previous experience I'd found that it's 
unnecessary to wind the Collins balun on a cylindrical 
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form as shown in fig. 3. It's sufficient to random- 
wind the turns without a coil form, as shown in the 
photo. I decided to try winding the two lines of fig. 
1A into a continuous winding similar to the Collins 
balun of fig. 3. 

My first try was with a nine-turn coil random 
wound on a nominal 25-cm (10-inch) diameter 
shown in fig. 4 (Only three turns are shown in the 
drawing for clarity.) Two 254-cm (100-inch) lengths 
of %-ohm line were used. The transformer was test- 
ed by inserting a 12.5-ohm low-inductance load at 
the output and measuring the input impedance with 
a Hewlett Packard Vector Impedance Bridge. While 
tHe transformer made the 12.5-ohm resistor appear 
to be a 50-ohm resistor over a wide range, the useful 
range was centered in the broadcast band. As the 
frequency was increased through 3.5 MHz, the input 

impedance magnitude increased rapidly, and the im- 
pedance phase angle was greater than 30 degrees. 
However, the useful frequency range was 4: 1. En- 
couraged, I removed half the turns, expecting equiv- 
alent results more nearly centered over the ham 
bands. Results were disappointing. A good match 
was achieved only over a narrow frequency range. 

line impedance 
Note that the load at the transformer output of fig. 

4 terminates two coax lines connected in parallel. If 
the lines have 50 ohms characteristic impedance the 
load must be 25 ohms for the lines to be properly ter- 
minated. At the input the two lines are connected in 
series, so the input impedance will be 100 ohms. 
Thus the transformer of fig. 4 will match a 25-ohm 
balanced load to a 100-ohm balanced line, but per- 

OUTPUT 1 11.5 OHMS BALANCED I 

fig. 4. Two lengths of coax (A and B) wound into a multiturn fig. 5. A 4:l rf transformer (shown in the photo) consisting 
coil similar to the Collins balun of fig. 3. Only three turns are of two parallel 127-cm (50-inch) lengths of RG-58AlU ran- 
shown for clarity. Note that the input ends of the lines are dom wound into a 7 turn, 11.5 cm (4.5 inch) nominal diame- 
connected in  series and the output ends are connected in ter coil. Each of the two paralleled 50-ohm lines (AB-CD) is 
parallel. Made with %-ohm coax, this transformer will connected in series at the input and in parallel at the output. 
match a 100-ohm balanced line to a 25-ohm balanced load. The excellent performance is shown in table 1. 



fig. 6. A 50- to 200-ohm balanced-to-balanced transformer 
made from two 127-cm 150-inch) 100-ohm lines each con- 
sisting of two 50-ohm lines in series. The 100-ohm lines are 
connected in parallel at the input and series at the output. 
Performance data are shown in table2. 

formance will be poor when trying to match a 12.5- 
ohm load to a 50-ohm line. 

50112.5-ohm transformer 
To match a 50-ohm line to a 12.5-ohm load, 25- 

ohm transmission line must be used so that the 50- 
ohm source will be correctly terminated by two 25- 
ohm lines in series. Similarly, the two 25-ohm lines in 
parallel at the output will be correctly terminated by a 
12.5-ohm load. I decided to make 25-ohm lines by 
connecting pairs of 50-ohm line in parallel. A trans- 
former similar to that in fig. 3 was wound with two 
lengths of transmission line, each made with a pair of 
50-ohm RG-58AlU lines in parallel (25-ohm line). 

After much cutting, winding, soldering, and data 
taking, the optimum design of fig. 5 evolved. The 
design lookssomewhat morecomplex than thesimple 
configuration of fig. 4 because each length of trans- 
mission line consists of two %-ohm lines in parallel; 
however, in otherrespects the configuration isexactly 
the same as that of fig. 4. Note that the two 125-cm 
(50-inch) 25-ohm lines are connected in parallel at the 

output and are properly terminated by the 12.5-ohm 
load. This transformer design was useful over a wide 
frequency range. The VSWR is low over the high-fre- 
quency Amateur bands. The excellent data are 
shown in table 1. 

construction 
While it's not necessary to cut the lengths of coax 

to exactly 127 cm (50 inches), this length wound into 
a seven-turn, 11.5-cm (4.5-inch) nominal diameter 
coil is optimum to cover the high-frequency bands. 
The detail of coil winding is unimportant. You can 
bind the lines tightly with tape or leave them loose. 
You can hold the coil in your hands and separate the 
turns several cm (2 inches) before the magnitude or 
phase of the match are greatly affected. 

However, the length of the short between the 
coax-line outer conductors at the input end of the 
balun is critical. Performance is degraded at the high- 
frequency end of the useful range unless the coaxial 
outer conductors are soldered together into a com- 
mon joint as shown in the photo and fig. 5. Perform- 
ance deteriorates if the shorting lead is as long as 2.5 
cm (1 inch). The cross-connected leads at the output 
should be short. In the version shown, the length of 
the center conductors exposed beyond the outer 
conductors is about 2 cm (0.75 inch). Construction is 
shown schematically in fig. 5 and in more detail in 
the photo. 

measurements 
Impedance measurements were made with the 

Hewlett-Packard rf vector impedance meter model 
4815A shown in the photo. The vector impedance 
meter reads directly in impedance magnitude and 
phase angle. Data in this article are presented using 
the abbreviation Z for magnitude of the impedance 
and 13 for the corresponding phase angle. Balance 
measurements, described in Part 2, were made with 
the HP rf voltmeter model 4-10C also shown. The ter- 
minating resistor is critical to the evaluation of these 
balun transformers. The VSWR looking into the 
transformer is, of course, no better than the quality 

table 1. Frequency, impedance magnitude, phase angle and 
calculated VSWR for the balanced-to-balanced 4:1 trans- 
former of fig. 5. 

Z 
(ohms) 

50 
51 
51 
49 
54 
55 
53 
53 

0 
(degrees) 

13 
8 
6 
3 
5 
1 

- 1 
- 1 

VSWR 

1.26 
1.15 
1.11 
1.06 
1.12 
1.10 
1.06 
1.06 
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of the load. Shown in the photo is a bundle of eight table 2. Data taken on the 50-ohm balanced to 200-ohm bal- 

~arallel-connected. 100-ohm. 114-watt resistors sol- anced transformer. (A) lists data for the transformer made 
with 127-cm (50-inch) lines as shown in fig. 6. (B) lists data 

dered directly to the 50/12'5-0hm broadband trans- for another version optimized for the low bands. This trans- 
former for minimum inductance. former has the same configuration as that of fig. 6; how- 

performance 
Referring to table 1, note that the VSWR between 

3.5-30 MHz is less than 1.15. Even on 160 meters, the 
VSWR is only 1.26. Data were recorded only in the 
ham bands; however, with each configuration, I 
swept the impedance bridge over the full range look- 
ing for spurious resonances. In the designs presented 
here, none were found within the frequency range of 
the data shown. 

"Data are presented in tabular form. Displaying ex- 
perimental results in this convenient form required 
calculation of VSWR from the impedance-magnitude 
and phase-angle data. These calculations are long 
and tedious, so a Hewlett Packard HP65 program- 
mable calculator was used. N6AIG suggested the 
idea and wrote the program. The program is very 
useful and is included in the appendix. The program 
calculates VSWR based on an impedance of 50 ohms 
and can be modified easily for any impedance. 

501200 ohm transformers 
After the 50112.5 ohm transformer was optimized, 

it seemed reasonable to expect that a 501200 ohm 
(1 :4 impedance stepup) transformer could be made 
using the same principles. In this case, 100-ohm lines 
were used so they would match 50 ohms when con- 
nected in parallel at the input and would be properly 
terminated by 200 ohms at the output. The 100-ohm 
lines were made with two pairs of RG-59AlU cable; 
each pair was connected in series. The outer conduc- 
tors of each pair were connected together at both 
ends. Each pair is 127 cm (50 inches) long. The 
lengths of coax were wound into a compact package 
of seven turns at a nominal diameter of 11.5 cm (4.5 
inches). The package looks very similar to the 
50/12.5 ohm transformer shown in the photo. The 
transformer is shown schematically in fig. 6. Per- 
formance data recorded for this transformer are 
listed in table 2. 

To show the effect of increasing the length of the 
lines and increasing the number of turns, another 
similar 501200 ohm transformer was built. Data taken 

ever, the two 100-ohm lines are made with pairs of 254-cm 
(100-inch) lengths of RG-58AIU. 

z 0 
(ohms) (degrees) 

A. Data for transformer of fig. 6 

56 20 
57 18 
52 7 
51 1 
47 5 
46 15 
46 16 

B. Data for low-band version 

55 10 
55 2 
55 0 
51 - 4 
46 - 2 
46 - 17 

VSWR 

meters. The low-band transformer performance is 
good through 10 MHz; however, the VSWR climbs to 
1.37 at 14 MHz. 

The common-mode impedance of the transform- 
ers described in this article is sufficiently high so that 
the transformers can be driven from either a bal- 
anced or an unbalanced coax transmission line. Two- 
stage balun transformers with improved isolation are 
described in Part 2. 

I determined the efficiency of the 4:1 transformer 
of fig. 5, by carefully measuring the input complex 
impedance and the complex impedance of the load, 
driving it with a signal generator and measuring the 
input and output rf voltages. I used the HP4815A rf 
Vector Impedance Meter and the HP410C rf Volt- 
meter shown in the photo. Input power was deter- 
mined by calculating the power in the real part of the 
input impedance; the output power was calculated 
similarly using the complex load impedance data. 
Efficiency was determined by dividing the output 
power by the input power. Measurements and calcu- 
lations were made for each of the bands, from 160 
through 10 meters. As you might expect, efficiency 
was lowest on 10 meters; however, efficiency was 
greater than 95 per cent on all bands. 

on this transformer are also shown in table 2. The 
modified transformer was optimized for the low power-handling capability 
bands. It is similar to the configuration of fig. 6. The 4:l transformers may be made with pairs of 
However, the coax lines are twice as long, 254 cm RG-SAIU lines connected in series for 100-ohm 
(100 inches), and have twice as many turns on the surge impedance or connected in parallel for 25-ohm 
same nominal diameter. Note that the Increased surge impedance. Each length of RG-SAIU must 
length makes the transformer useful on 160 meters therefore handle only 50 per cent of the power de- 
and substantially improves VSWR on 80 and 40 livered by the transformer. Because RG-58AIU is 
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rated for more than 500 watts at 30 MHz, these RG- 
58AIU transformers will handle 1000 watts of rf. I 
verified this by connecting two 12.5-ohm transform- 
ers back-to-back into a dummy load. At 1 kW, heat- 
ing was not discernible at 7 MHz. At 30 MHz, the 
transformers became warm to the touch after about 
one minute, key down. Part 2 describes how to build 
baluns capable of several kilowatts overload into 
severely mismatched loads. 

Part 2 of this article, which will appear in March, 
1980, ham radio, will describe how to build more use- 
ful balun transformers and three specific 1:1 baluns, 
including one for vhf. These designs are capable of 
conservatively handling high power into widely vary- 
ing loads. The impedance match (VSWR) and 
balance of these new transformers and the baluns 
will be compared with popular commercially available 
rdd and toroid core balun transformers. In addition, 
harmonic distortion data taken at 2 kW PEP on a 
typical commercial ferrite core balun will be included. 

Balun performance is usually described when 
working into a "flat" load. In the real world, baluns 
must work into widely varying loads as frequency is 
changed across the band. Measured performance of 
baluns with varying loads will be included and com- 
parative data presented in Part 2. How to design 
balun transformers to your needs and how to modify 
a currently popular balun will also be described. 
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Yagi antenna design 
experiments confirm 

computer analysis 

Comparison of 
calculated Yagi performance 

with NBS measurements 
confirms validity 

of theoretical approach 

A mathematical model of the Yagi antenna, as 
described last month,l is required for computer anal- 
ysis of antenna gain, front-to-back ratio, and opera- 
tional bandwidth. Once the model has been con- 
structed, a computer program can be written. To 
avoid endless consultations, I prefer not to supply 
actual computer programs; for those readers who 
would like to create their own programs, I will explain 
the information flow I use in programs for computing 
element currents and Yagi performance. 

writing programs 
I first create a labeled input file containing all of the 

necessary information about the Yagi. The label itself 
is usually an abbreviated reminder of the particular 
Yagi. This input file contains a statement of the num- 
ber of parasites and the number of drivers. Next is 
given information on each parasite, i.e., X and Y 
coordinates, length (LE) and radius (RO), all speci- 
fied in terms of wavelength at a given central design 
frequency. Next is given information on each driver, 
i.e., X and Y coordinates, length (LEI and radius 
(RO), driving point voltage and phase. 

The element-current program first calls for the 
input data file label and asks at what frequencies (in 
terms of the center design frequency) the computa- 
tions are to be made. With this starting information, 
the input file is called and read. For each frequency 
specified, a computation is made to determine the 

(complex) values of all terms in the Z matrix; self- 
impedances are calculated (from eqs. 4, 5, and 6, 
reference 1) and mutuals are given by an interpola- 
tion routine or power series approximation (using 
eqs. 7 and 81.1 

Once the Z matrix is complete and the voltage vec- 
tor noted from the input file, matrix inversion is 
accomplished; this generates the individual element 
complex current solutions. The entire result is then 
written into an output file for later use. I have found it 
convenient to include in the output file a statement 
of frequency for each computation and the number 
of parasites and number of drivers. For each ele- 
ment, I include its X and Y coordinates, its resonant 
frequency and Q, and magnitude and phase of its 
current. The element-current program continues to 
compute until all initially specified frequencies are 
satisifed. 

This output file now becomes a useful input file to 
other computer programs which are designed to pro- 
duce displays of interesting Yagi properties. One 
such program calculates and plots the pattern both 
for the H-plane and the E-plane. ThiS is done by 
reading the new input file, and for a specified 
sequence of elevation angles (say every 1 or 2 
degrees), computing the radiated energy flux densi- 
ty. This is easily done from the known element posi- 
tions and the known element complex currents; the 
elevation angle and positions geometrically deter- 
mine the effective phase delay of each element from 
the reference origin. The vector sum of all contribu- 
tions is then proportional to radiated field strength, 
the square of which is proportional to radiated ener- 
gy flux density. This calculation provides values 
which are referenced to a single element carrying a 
unit current; this can be referred to an isotropic 
source by correcting for the gain of a single element 
(2.15 dBi). 

This (energy flux density) pattern is calculated for 
each frequency (read from the new input file) and 
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can be easily plotted by one of the plot routines. I 
believe it is most useful if the pattern is specified in 
dB relative to an isotropic source,2 which I label dBi; 
such values will be shown throughout this series. In 
this pattern program I have also found it convenient 
to compute and display the driver's driving point 
impedance; the largest energy flux value found in the 
entire elevation angle search (usually in 1 degree 
intervals), which I label as MAX H-GAIN (dBi), and the 
angle at which it occurs, labeled H-ANGLE; and the 
front-to-back ratio (ratio of energy flux at H-ANGLE 
to energy flux at 180 degrees minus H-ANGLE) labeled 
FRONTIBACK GAIN (dB). 

enother program of great utility is one which reads 

fig. 1. Layout of a Yagi with a broadband feed system of the 
type manufactured by KLM. The main driver iDR) and de- 
pendent driver iDD) are connected through a transposed 
transmission line with characteristic impedance Z,, and 
phase angle 0. Performance of this type of Yagi can also be 
analyzed by computer, as discussed in the text. 

the new input file (element current file) and com- 
putes and displays a number of useful Yagi proper- 
ties. These are maximum gain (dBi) and angle at 
which it occurs, reverse gain (dBi) at the same 
reverse elevation angle, front-to-back ratio, and the 
driving point impedance of the first driver. Since this 
program does not spend time displaying the com- 
plete patterns, it is fast and therefore capable of 
rapidly running through a large number of different 
situations. 

other antenna types 
Programs can be written that will perform equiva- 

lent calculations for different antenna systems. First 
of all, a somewhat different element current program 
is needed for a conventional Yagi if the driver current 
is specified rather than its voltage (using eqs. 10 and 
11 from reference 1). You can also write a different 
program to handle a broadband drive system as used 
in the KLM antennas, but to do this requires a little 
manipulation. In this type of antenna the drive sys- 

tem is not just a single element but actually consists 
of a voltage-fed main driver whose input terminals 
also feed a dependent driver in parallel through a 
crossed transmission line with characteristic impe- 
dance Zo and phase delay angle 8. With convention- 
al transmission line equations you can relate voltages 
and currents at both ends of this transmission line. 

As an illustration, a 5-element KLM-style beam can 
be simulated as shown in fig. 1. The parasites are 
elements 1, 2, and 3; the main or master driver is 4, 
and the dependent or slave driver is 5 (connected 
through the transposed transmission line). Start with 
the five linear equations in matrix form: 

V 4  (the main driver voltage) is given, but V5 (depen- 
dent driver voltage) must be determined from the 
transmission line equations which relate V5 and Z5 to 
V4 and transmission line current at terminals XX. For 
a transposed lossless transmission line: 

so that the final five linear equations become in 
matrix form: 

Note that the input file for this antenna must contain 
information about the number of parasites, the num- 
ber of independent or master drivers, and the num- 
ber of dependent or slave drivers; the dependent or 
slave driver must contain a statement as to which is 
its master driver, and must provide Zo and 8 for the 
transposed transmission line. The Z matrix and V 
vector must be modified as shown, then the program 
can proceed as before. 

validation 
With the tools for computing a wide spectrum of 

antenna characteristics at hand, it is crucial to ask for 
some experimental validation. I have already com- 
mented on the inaccuracies inherent in physical 
modeling (although such inaccuracies are believed to 
be of little consequence), and have discussed 
approximations which have been used in various 
computations. These approximations are expected 
to be most serious for those antenna properties 
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fig. 2. Gain in dB of a driven element and reflector for dif- 
ferent spacings between elements (from NBS Report688). 

which depend critically on precise element currents, 
such as F / B  ratio. On the other hand, it should be 
possible to calculate other properties such as gain or 
directivity with reasonable accuracy (comparable to 
the accuracy of the currents themselves). The calcu- 
lations are expected to produce superior results for 
short antennas (few elements) and for frequency 
regions relatively close to design center frequency. 

Experimental information suitable for validation is 
frustratingly difficult to obtain! While a great amount 
of experimental results have been published, it is 
extremely difficult t o  find examples of accurate 
measurements made under conditions where exter- 
nal factors have been properly considered or elimi- 
nated. 

NBS Yagi experiments 
For example, let's examine the experimental 

results reported by Peter Viezbicke in NBS Technical 
Nore 688.3 This publication provides a rich range of 
gain and pattern measurements for a wide variety of 
Yagi configurations. In most cases, all relevant 
dimensions of the Yagi design are given, so this pub- 
lication is a fine vehicle to test the validity of theoreti- 
cal computational methodology; shortly, I wil l 
attempt to make such comparisons. A t  the same 
time, Technical Note 688 is a frustrating report; it 
contains several cases of inconsistent information 
and many times there is lack of supporting technical 
information. Careful documentation and editing at 
the time of publication would have made this report 
of a really excellent series of measurements much 
more valuable. 

I must first comment on the NBS experimental 
approach. Viezbicke states that all tests on the 

(receiving) test antennas were carried out using a 
nonconducting Plexiglas boom mounted three wave- 
lengths (3X) above ground (readers of the NBS paper 
will note that the very first figure shows 2X). The 
(transmitting) generator antenna was mounted 320 
meters (1050 feet) away and at a height above 
ground to illuminate the receiving antenna at "graz- 
ing angles." I interpret this to mean that the transmit- 
ter is also at a height over ground of 3X. The nature 
of the intervening ground, which is highly relevant, is 
never mentioned! A reference half-wavelength dipole 
is mounted about 5X to the side of the antenna under 
test (also at 3X above ground). All tests were made 
using a frequency of "400 MHz" but the frequency 
precision is never mentioned, and this may be quite 
important, as shall be seen. 

If my interpretation of the experimental setup is 
correct, received field strength at the receiving site 
will be the vectorial sum of the field from the direct 
ray and the field from the ray reflected from the 
ground at a point midway between transmitter and 
receiver. A t  these grazing angles, the reflectivity of 
the ground is probably near unity and for horizontally 
polarized radiation ground reflection will give a phase 
change of 180 degrees. Thus, the two rays interfere 
and nearly cancel each other, making the received 
energy nearly zero! It can be seen instantly that the 
actual received energy is extremely sensitive to the 
nature of ground midway between transmitter and 
receiver, i e . ,  its true reflection coefficient, its height, 
and its degree of flatness (which influences its focus- 

ELEMENT SPACING L i J  

fig. 3. Comparison of computed gain with published NBS 
measurements (see fig. 21 for the same 2-element Yagi 
shows very poor agreement. As discussed in the text, 
however, the disagreement was apparently caused by 
measurement errors; when the NBS E and H plane patterns 
for the same antenna (s = 0.2)  are summed and properly 
averaged, the isotropic gain is calculated to be 6.71 dBi 
(compared with 6.70 dBi in the THEORY curve in the graph). 
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ing properties). Moreover, since the reference anten- 
na "sees" a different ground patch midway to the 
transmitter, its inherent sensitivity can be different 
from that of the antenna under test. For example, if 
the ground patch seen by the reference antenna is 
only 1 foot (30 cm) higher than the ground patch 
seen by the test antenna, a systematic error of about 
2 dB will occur! It is clear, therefore, that the NBS 
experimental setup invites systematic errors. 

Yagi gain 
Let me turn now to the experimental results report- 

ed by Viezbicke. I will start with the measured gain of 

table 1. Optimized lengths of parasitic elements for Yagi antennas of 
six different lengths (reflector spaced 0.2A behind the driven element, 
element diameter 0.0085A). 

Length of Yagi in Wavelengths 
0.4 0.8 1.2 2.2 3.2 4.2 

Length of - 
Reflector, A 

0.482 0.482 0.482 0.482 0.482 0.475 
Director 
Length, A 

Spacing between 
directors, in A 0.200 0.200 0.250 0.200 0.200 0.308 

Gain relative to 
half-wave 
dipole, dB 7.1 9.2 10.2 12.25 13.4 14.2 

a 2-element (dipole and reflector) Yagi as a function 
of spacing S. This is shown in the NBS paper as Fig. 
1 and for convenience is reproduced here as fig. 2. 
Unfortunately, Viezbicke failed to state an essential 
dimension - the actual length of the reflector itself; I 
assume that it is 0:482X (which was usually used for 
other Yagis). On this assumption I have calculated a 
theoretical result shown in fig. 3. The theoretical 
gain is expressed in dBi (referenced to an isotrope); a 
direct comparison can be made by adding 2.15 dB to 
the experimental NBS findings. 

The comparison in fig. 3 is totally unsatisfactory; 

NBS MEASUREMENTS 

E PLANE - 
H PLANE --- 

-60- 
Ma 120. 90- 60. W 

COMPUTED 

I w 
0. W 6W 90. 120. 150. 180. 

AZIMUTHAL ANGLE fDEGREESJ 

fig. 4. Comparison of the E and H plane radiation patterns 
for a 2-element Yagi with 0.2X spacing as measured by the 
National Bureau of Standards, left, and predicted by theory, 
right, showsgood agreement. 

not only are the shapes of the plots different, the 
peak gains (at say S = 0.2) are very different! 
Viezbicke gets 4.77 dB;, whereas I calculate 6.70 dBi. 
In an attempt to understand this conflict, look at Fig. 
12 in the NBS publication which illustrates the meas- 
ured pattern of the same 2-element Yagi (S = 0.2) in 
both E and H planes. I have numerically summed and 
properly averaged the (power) response over the 
total 47r solid angle and have found the directivity, or 
isotropic gain, to be 6.71 dB;! Thus, the measured 
pattern exhibits gain which agrees with my theoreti- 
cal result (see fig. 4). 1 can only conclude that some 
unexpected system error was present f6r the NBS 
series of measurements shown in their Fig. 1. 

fig. 5. Comparison of the E and H plane radiation patterns 
for a 3-element, 0.4A long Yagi, measured by NBS, left, and 
predicted by theory, right. 



In the NBS paper a set of six specific Yagi designs 
is shown ranging in overall length from 0.4 to 4.2 
wavelengths. If you refer directly to the NBS publica- 
tion you will note that the first director for the 0.4A 3- 
element design is shown in NBS Fig. 9 to be 0.442X 
long rather than 0.424A, as shown in NBS Table 1. 
With this correction, the specifications for these six 
NBS Yagi designs are listed here in table 1. 

I have calculated the theoretical gains for these six 
Yagi designs and also their theoretical patterns for 
comparison with those shown in the Viezbicke paper 
(NBS Figs. 14 through 19). For convenience in mak- 
ing comparisons, the NBS patterns and my newly 
talculated theoretical patterns are shown side by side 

fig. 7. The E and H plane radiation patterns of a 6-element 
Yagi with a length of 1.2X - measured (left) vs theory 
(right). 

fig. 6. Comparison of the E and H plane radiation patterns 
for a 5-element, 0.8X long Yagi, measured by NBS, left, and 
predicted by theory, right. 

in figs. 5 through 10. It is apparent that for all cases 
there is a striking similarity, not only in the qualitative 
details of lobe structure, but in most quantitative 
aspects! Careful scrutiny of the experimental results 
show some variances between the two halves; theo- 
retically, of course, the two halves are totally sym- 
metrical. Agreement of this kind is gratifying and 
demonstrates that the experimental patterns were 
made with great care and also that the theoretical 
calculations seem to give valid answers. This is 
especially comforting since the 4.2A Yagi design is 
very long and contains many parasites. This is pre- 
cisely the situation where theoretical approximations 
(cylindrical element resonant lengths, mutual, and 
self-impedances) are most sensitive. 

The gain of each of these Yagi designs can be 
obtained in several ways, and it is illuminating to 
compare all methods. Table 2 shows a comparison 
of three experimental methods, all derived from the 

NBS data, and my theoretical calculations. Column 1 
shows the NBS measured gain referenced to a half- 
wavelength dipole, but corrected to give isotropic 
gain (dBi). Column 2 shows the gain calculated from 
the measured half-power main beam angles by the 
usual formula, dBi = 10 log (41253/eH eE), where 
the H and E half-power angles are measured in 
degrees.4 The third column is derived entirely from 
the experimental NBS patterns; in each case I have 
calculated the directivity by appropriately summing 
all 10 degree intervals. This pattern averaging, if care- 
fully done, should yield a reasonably reliable result, 
free from any systematic error (due to ground reflec- 
tions, for example). The last column Ss the result of 
my theoretical calculations made on each design. 

AZIMUTHAL ANGLE lDEGREESl 

fig. 8. The E and H plane radiation patterns for a 12-element 
Yagi with a length of 2.2X - measured (left) vs theory 
(right). 
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In table 2, note that column 1 (NBS measure- 

ments) and column 4 (theory) are in agreement with- 

in Viezbicke's stated estimated accuracy of about 0.5 
dB with the exception of the value for the 2-element 

Yagi (discussed earlier). Column 2 is derived from 

measured half-power angles; it is quite difficult to 

determine such angles with any great precision and, 

moreover, the method is nothing more than a crude 

approximation at best. Column 3 (derived from NBS 

experimental patterns) is in remarkable agreement 

with theory in all cases, especially considering that 

the summation in 10 degree intervals is really too 

coarse and that values in these 10-degree intervals 

were only "eyeballed" from the published NBS 

patterns. 

table 2. Gain of six different NBS-designed Yagi antennas. in 
dBi, as determined by four different methods. 

calculated 
NBS from 

NBS Yagi measure- half-power pattern computer 
type ments beamwidth integration derived 

2 element (0.2A) 4.77 7.50 6.71 6.70 
3 element (0.41) 9.25 10.02 9.62 9.16 
5 element (O.BA) 11.35 11.86 11.41 10.73 
6 element (l.2A) 12.35 13.90 12.64 11.80 

12 element (2.2A) 14.40 15.28 14.28 14.04 
17 element (3.2A) 15.55 16.63 15.47 15.20 
15 element (4.2A) 16.35 17.38 16.22 15.71 

table 3. Measured and calculated gain in dBi of Yagi anten- 
nas with average director lengths. 

NBS 
NBS Yagi director measured computed 

type length gain gain 

5 element (0.BA) 0.4260A 11.27 10.68 
6 element (1.2A) 0.4240A 12.24 11.71 

12 element (2.2X) 0.4017A 13.92 13.62 
17 element (3.2A) 0.3946A 14.83 14.68 
15 element (4.2A) 0.4008A 15.55 15.15 

effect of director length 
Fig. 7 in the NBS report shows an interesting 

experimental result: The selected designs are superi- 

or in gain to simplified Yagis (all directors of equal 

length) for booms longer than about one wavelength. 

Although Viezbicke did not give the lengths of the 

directors used for the simplified Yagis, I have made 

calculations using directors with lengths that are the 

average of those used in each of the five longer 

Yagis. His measurements of gain and my theoretical 

calculations are shown in table 3. Again, these 

results are in satisfactory agreement. 

Fig. 11 shows a graph of my theoretical results for 

NBS MEASUREMENTS COMPll TED 

AZIMUTHAL ANGLE (DEGREES) 

fig. 9. E and H plane radiation patterns of a 17-element. 3.2A 
long Yagi - measured (left) vs theory (right). 

both tables 2 and 3, together with the published 

NBS experimental points. Note that the theoretical 

results support the idea that while the simplified 

(equal director length) Yagi is just as good as a more 

sophisticated design for booms shorter than one 

wavelength, a slight gain improvement in the gain of 

long Yagis is apparently possible by using directors 

of different lengths. 

Viezbicke's Fig. 9, reproduced here as fig. 12, 
shows the results of an interesting experiment in 

which gain for a given Yagi design was measured 

using a series of different director lengths. Gain 

curves were produced for each of a wide range of 

element diameters. These measurements allow an 

interesting test of the theory of the reactance of 

cylindrical elements (see eqs. 4, 5, and 6 in my previ- 

ous article).' In principle, the peak of each gain curve 

fig. 10. Eand H plane radiation patterns of a 15-element. 4.2A 
long Yagi - measured (left) vs theory (right). 
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should correspond to a single element reactance; this 
reactance value should, of course, be the same for all 
peaks. The reactance of the directors can be calcu- 
lated from eqs. 4, 5, and 6 using the lengths of an 
element which gives the peak gain for each element 
diameter. From fig. 12, 1 have estimated, as carefully 
as possible, the lengths of elements which produce 
peak gain; table 4 shows the results. 

The standard deviation actually corresponds to an 
element length variation of only 0.3 per cent; it is like- 
ly that such an error could easily occur in estimating 
the position of the peak gain or even in physically 
constructing the elements used in the experiment. 
Thus, this experiment seems to give strong support 
for the theory of cylinder length resonances. 

table 4. Element lengths (estimated from fig. 12) which pro- 
duce maximum gain, their resonant length LER, and the re- 
actance X in ohms. Average reactance is -77.22 ohms; 
standard deviation is2.24 ohms. 

element 
diameter 

0.08 crn 
0.16crn 
0.32 crn 
0.64 crn 
0.95 crn 
1.27 crn 
1.59 crn 
2.54 crn 

length 
inches (cm) 

13.163 (33.4) 
13.033 (33.1) 
12.767 (32.4) 
12.358 (31.4) 
12.093 (30.7) 
11.860 (30.1) 
11.674 (29.71 
11.191 (28.4) 

LER 

0.48161 
0.4791 A 
0.4759A 
0.4714A 
0.4680A 
0.4650A 
0.4622A 
0.4548A 

gain variations 
Perhaps one of the most interesting experimental 

results of the NBS work is the strange "oscillating" 
gain characteristic shown in Viezbicke's Figs. 4, 5, 
and 6, reproduced here for convenience in figs. 13, 
14, and 15. 1 have attempted to calculate a number of 
these cases and although the oscillating gain phe- 
nomenon does show up, the detailed agreement 
between experiment and theory is not impressive. 
However, I have found that the exact behavior of 
these long and heavily (director) loaded arrays is criti- 
cally dependent on frequency and/or exact director 
lengths. Accordingly, I have run calculations for sev- 
eral frequencies around the central frequency (nor- 
malized to unity). The results are shown in fig. 16, 
where the theoretical calculated points for each fre- 
quency are connected by line segments for clarity. 

Superimposed on the plots of f ig. 16 are Viez- 
bicke's experimental points, which should corre- 
spond to the theoretical calculations. The theoretical 
results generally show that the accurately computed 
points do not really lie on a smooth curve; this is the 
reason connecting lines are used. Theory does give 
the oscillating gain phenomenon, but it also shows 

OVERALL LENGTH (A) 

fig. 11. Graphical comparison of the data from tables 2 and 3 
showing theoretical (computed) gain and measured gain 
figures published by NBS. Computed curves support NBS 
Report688which shows slight gain increase is possible with 
different-length directors. 

that the details depend sharply on the exact transmit- 
terfrequency. Pretty good agreement can be obtained 
between experiment and theory if it is assumed that 
slightly different frequencies ( + 1 to 3 per cent) were 
used from experiment to experiment. It is perhaps 
significant that the most likely frequency does not 
appear to be systematically high or systematically 
low. It is unfortunate that Viezbicke neither specified 
frequency accuracy, nor published the exact fre- 
quency for each experiment. 

The theoretical results are interesting from three 
points of view. First, for a given frequency the calcu- 
lated points do not appear to lie on a smooth curve; it 
is likely that the gain varies somewhat with side- and 
back-lobe structure. The calculated F / B  ratio varies 
greatly from point to point and it would seem reason- 
able that there would be some reaction on forward 

I IN. - 2.54 cm 
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fig. 12. Measured gain vs director length at 400 MHz for a 
Yagi 1.25X long, using three directors of different length and 
diameter, spaced 0.35A. 
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gain. Secondly, for long Yagis the results vary signifi- 
cantly with the exact frequency used! Third, detailed 
calculations show that beyond the end of the first 
"oscillating" gain cycle, Yagi gain is not maximum in 
the plane of the Yagi; instead, the front beam 
appears to develop a central dimple causing maxi- 
mum'gain to occur at an appreciable elevation angle, 
(The plots in fig. 16, however, show only the gain at 
zero elevation angle because this is what was pre- 
sumably done in the NBS experiments). 

Note that all three of these behavioral aspects of 
long Yagis derive from theoretical computations; 
they were not even suspected by the NBS experi- 
menters! This illustrates the point that an extensive 
variety of Yagi configurations can be explored much 

P 

fig. 13. Yagi gain as a function of length (number of direc- 
tors) for different constant spacings between directors of 
length equal to 0.382X (Fig. 4. NBS Report6Bl. 

R 
I 

faster theoretically, and with much more relative 
accuracy, than can be accomplished experimentally. 
As a result, new concepts and understanding are 
emerging. 

2 -  
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summary 
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REFLECTOR LENGTH OF YAGI (A)  

Let me summarize the overall comparison of the 
experimental results of the NBS group with the theo- 
retical results. The comparisons show total agree- 
ment on Yagi gain for an astonishing range of models 
with the single exception of the direct measurements 
on a 2-element beam. A gain figure derived from the 
measurement of the pattern of the 2-element beam, 
however, does agree with theory; it is my belief that 
some unanticipated error was made by the NBS 
group in their measurements. 

The comparisons also show excellent agreement 
for Yagi patterns, again over a wide range of models. 
This should be a very sensitive test of the accuracy 
with which mutual and self-impedances are repre- 
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fig. 14. Yagi gain as a function of length (number of direc- 
tors) for different constant spacings between di'rectors of 
length equal to 0.411X (Fig. 5, NBS Report688). 

sented, as well as the resonant frequency calcula- 
tions of cylindrical elements. This latter point is also 
strongly supported by the consistent values of para- 
sitic element reactance for elements whose diam- 
eters vary over a range of greater than 30 to one. 

Finally, the strange "oscillating" gain phenome- 
non observed by Viezbicke can be reproduced theo- 
retically. Agreement is only qualitative if the NBS 
group used an accurate 400.0 MHz frequency in their 
tests; however, the comparisons suggest that they 
may have actually used a nominal "400 MHz," with 
frequencies within a range of + 3  per cent. In this 
event, the comparisons indicate a potentially remark- 
able agreement in quantitative aspects as well. 

Since these comparisons include very long Yagi 
models (up to 6X long) and correspondingly large 
numbers of parasitic elements (up to 401, it seems 
certain that the computational methodology I have 
outlined should be generally trustworthy. This should 
be especially true for shorter antennas (with fewer 
elements) with which I will be primarily concerned 
throughout this series of articles. Especially note- 
worthy is the fact that all computed results contain 

REFLECTOR LENGTH OF ANTENNA ( A )  

fig. 15. Yagi gain as a function of length (number of direc- 
tors) for different constant spacings between directors of 
length equal to 0.424A (Fig. 6, NBS Report688). 
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fig. 16. Graphs of Yagi gain vs overall antenna length for 
various director spacing and director lengths at small fre- 
quency differences; frequency designations on each plot 
have been normalized to the center design frequency. 
Points which are not interconnected are experimental data 
published in NBS Report 688. 

no adjustable constants or parameters; they are all 
derived from basic physical principles using ade- 
quately accurate mathematical approximations. 
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highmperformance 
broadband balun 

20,000:l. His paper appears to be the takeoff point and design 1 for the present balun designs. In the Amateur litera- 

broadband 1 :I  baluns, 
with construction details 

for an 
improved model 

of the well-known 
W1 JR balun 

Sometimes equipment that looks the simplest to 
build is really the trickiest to make work, and vice 
versa. Take, for instance, a balun. What sounds 
simpler than wrapping a few turns of transmission 
line around a toroid and getting a balun? Or do you? 
My experience is that you may, but then again you 
may not. 

Over the last few years many articles have 
appeared on the 1: 1 balun, but absolutely no infor- 
mation - to the best of my knowledge - on why 
they work, how to design one, or, equally important, 
how to test one. 

Almost 100 years ago, the eminent British physi- 
cist, Lord Kelvin, said, in effect, "If you can express 
what you are speaking of in numbers, you under- 
stand it. If you cannot express it in numbers, your 
knowledge is very meager and unsatisfactory." From 
this standpoint, our knowledge of 1 :I baluns is "very 
meager and unsatisfactory" indeed! 

In this article I give a brief description of the histori- 
cal development of the balun, explain how a 1:l 
balun works, include a procedure for designing a 
balun, show some pitfalls that are all too easy to fall 
into, and finally present some test results on a balun I 
have built. 

brief history 
The concept of a broadband balun made by wind- 

ing a transmission line into an inductance originated 
in 1944 by G. Guanellal of the Brown-Boveri Com- 
pany in Switzerland. In 1959, Ruthroff2 of Bell Labo- 
ratories wound the transmission line onto a ferrite 
toroid and obtained bandwidth ratios as high as 

I 
ture, Dick Turin,3 Jerry Sevick,4 Bill Orr,5,6 and Joe 
Reisert7 have all presented articles on broadband 
baluns. 

theory of operation 
Consider a balanced transmission line of character- 

istic impedance ZCh = RL, wound into an induc- 
tance, and feeding a balanced load RL, as shown in 
fig. 1 (A). The normal transmission line currents, il 
and i2, are out of phase; their magnetic fields cancel, 
and the inductive reactance is essentially zero or, at 
least, very \ow compared with the transmission-line 
characteristic impedance. As far as these currents 
are concerned, the balun appears only as an added 
length of transmission line, of characteristic impe- 
dance Zch, tied to the end of the usual unbalanced 
transmission line whose characteristic impedance is 
also Zch. If the load is balanced with respect to 
ground, the voltage at the junction point G will be 
zero with respect to ground; the current ig will also 
be zero. 

That this is true can be seen from the following 
argument: Assume that the voltage at G is not zero; 
the unbalance can be represented by a voltage gen- 
erator, which causes a current ig to flow, as shown in 
fig. 1 (B). This current divides into two in-phase cur- 
rents, ig = ij + iq, which flow through the two 
windings of the balun. Since these currents are in 
phase, their magnetic fields will add instead of can- 
celling, and the balun winding will appear as an in- 
ductance. If the inductive reactance of the balun 
winding is sufficiently large compared with RL/2,  the 

, in-phase currents that cause the unbalance will be 
essentially zero compared with the normal transmis- 
sion line currents, il and i2. 

Thus, if the balun is working properly, it will pro- 
vide a high impedance to in-phase components and a 
low impedance to out-of-phase components, effec- 
tively isolating the balanced and unbalanced sides of 
the balun. 

In theory, then, the problem of designing a balun 

1 boils down to simply winding an inductance to pro- 
vide a high impedance over the required frequency 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 

28 february 1980 



- ) inductance 

M A I N  
WINDING 

A- 8 I RL - 
2 

C '7 
RL - 
2 

I m W I N D I N G  

E P U I V A L E N T  
SHUNT 

CAPACITOR 

fig. 1 (A): Basic 1:l  balun schematic. Circuit transforms an 
unbalanced transmission line of impedance Z,, to a bal- 
anced load R,. where R ,  = Z,,. (Bl:  Schematic of a 1 : l  balun 
showing an unbalanced condition represented by an un- 
balanced generator, EU,,,4,. (C):  A 1 : l  balun with a tertiary 
winding, E-F. (Dl:  The left-hand drawing shows an inductor 
with a few of the possible infinitesimal stray capacitors. 
These can be equated to one shunt capacitor, as shown in 
the right-hand drawing. 

range. Unfortunately, life is not always simple; 
neither are baluns, for although their theory is 
simple, their actual design is quite involved. First, de- 
signing an inductance to provide a high impedance 
over a wide frequency range can be a substantial 
problem. Second, for the winding to be a high impe- 
dance over any frequency range, the current required 
to magnetize the core must flow without disrupting 
the desired signal current and the voltage relation- 
ship existing in the balun or load. In a 1:1 balun, this 
is accomplished by adding a tertiary winding, as 
shown in fig. 1 (Cl. This tertiary winding, in turn, 
must be designed and constructed so that it does not 
create any additional problems of its own. But, as 
we'll see later, although the tertiary winding will con- 
siderably complicate matters, it is absolutely essen- 
tial if acceptable balance and good low-frequency 
response are to be obtained. I'll now discuss these 
problems in detail as they are related to balun design. 

In designing an inductor to be used over a wide 
bandwidth, the basic problem is capacitance - stray 
capacitance. Schematically, an inductor is drawn as 
a coil of wire; note the solid line in fig. 1 (Dl. Physi- 
cally, however, stray capacitance is present as sug- 
gested by the dotted lines. Actually, the capacitance 
is distributed; i.e., it exists between every infinitesi- 
mally small length of coil and every other infinitesi- 
mally small length of coil; it is not discrete, as implied 
in fig. 1 ID). The effectiveness of these incremental 
capacitors depends on how much energy each one 
stores. The energy stored by a capacitor is equal to 

energy = 1 
2 

CE2, where C is the capacitance in 

farads and E is the voltage across the capacitor ter- 
minals; therefore, it is important to minimize the 
capacitance across those parts of an inductance 
where the voltage is the largest; i e . ,  at the ends of 
the coil. Unhappily, this is not always possible! 

Since it's very difficult to consider all the incre- 
mental capacitors in analyzing the behavior of an 
inductance, it has become standard practice to 
hypothesize a single capacitor connected across the 
entire coil storing the same amount of energy as all of 
the incremental capacitors and to call this the stray 
capacitance of the coil. 

As the frequency across the inductance is in- 
creased, a frequency will be reached where the 
inductance and stray capacitance will become paral- 
lel resonant; at this frequency, the inductor will 
appear as a very high resistance. As the frequency is 
further increased, the reactance decreases to zero. 
At the series-resonant frequency, the coil impedance 
becomes very low. For a balun, the series-resonant 
region must be avoided, as all isolation between the 
balanced and unbalanced sides of the balun is lost. 
My experience has been that it's necessary to limit 
operation to about one octave below (one-half) the 
series-resonant frequency, or else the balun phase 
and amplitude balance balun will be upset. 

Probably the most readable and useful discussion 
of wideband inductor design in either the profession- 
al or Amateur literature was written by Vernon 
Chambers8 over 25 years ago. Chambers' article 
refers to the design of rf chokes, but the basic prob- 
lems are similar to baluns. More recently, Doug 
DeMaw9 has written a very helpful article on toroid 
inductor design. 

As implied previously, one of the most effective 
ways of reducing the distributed capacitance is to 
separate the ends of the winding as much as possi- 
ble. This brings us to the concept of the super toroid. 

super toroid 
The super toroid was developed in the 1970s by 
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T.A.O. Gross,lo primarily as a means of reducing 
stray pickup from external fields, but was introduced 
to the Amateur community only recently by Reisert.7 
With the super toroid, one-half the circumference of 
the toroid is wound in the usual manner. The winding 
is the,n taken across the diameter of the core and the 
last half wound in the opposite direction, as shown in 
fig. 2. The advantage of this type of winding for 
balun application is that the ends of the winding, 
where the voltage is the highest, are at opposite 
sides of the core where the capacitance is minimum. 

Every inductor I've wound using the super toroid 
technique has had bandwidth characteristics superi- 
or to the same core wound with an equal number of 
turns in the usual manner! Why not use the super to- 
roid concept, then, in the balun? The problem is the 
tertiary winding. 

tertiary winding 
As we know, a balun functions by providing a high 

impedance, usually inductive, between the balanced 

fig. 2. A toroidal core wound with a super toroid winding. 
This core is wound with clothes line to make it show up bet- 
ter in the photograph. 

and unbalanced sides. To obtain this inductance, it's 
necessary that a path be provided for magnetizing 
current. Ruthroff2 states that with the balanced load 
disconnected, a dc path must exist between the un- 
balanced input side and ground. The way of provid- 
ing this is to use a tertiary winding as shown in 
fig. 1 (C). 

This circuit is easier to visualize if redrawn in the 
form of an autotransformer as shown in fig. 3. Volt- 
age levels with respect to ground are also shown, 
and it is seen that the effect is that of a 1:l autotrans- 
former with the voltages on the balanced side low- 

fig. 3. A balun with a tertiary winding drawn in the form of 
E an autotransformer. The voltage across each winding is - 

volts. 
2 

ered by volts, compared with the unbalanced input 
2 

voltage. The total voltage across either the input of 
the balun or the balanced output, however, is still the 
same, E volts. 

The path for the magnetizing current is also evi- 
dent: from the unbalanced generator through wind- 
ings A-B and then E-F to ground. The important 
point to note is that the magnetizing current does not 
pass through either half of the load impedance. If the 
balun is to couple a balanced generator to an unbal- 
anced load, and the unbalanced side is open cir- 
cuited, the magnetizing current will pass.through the 
tertiary winding, E-F, and the lower half of the trans- 
mission line, C-D, back to the balanced generator 
without passing through the load impedance. 

practical considerations 
To show the practical need for tertiary winding, I'II 

discuss the effects that the lack of a tertiary winding 
will have on balun performance. Consider the 1:1 
balun with no tertiary winding, as shown in fig. 4. 
Because of the instrumentation considerations, it's 
easier to use a balanced load, consisting of two 

R L  equal-value resistors, each of value -, and to make 
2 

measurements at the unbalanced side rather than 
vice versa, which would require a balanced impe- 
dance bridge. The center of these two resistors may 
be grounded, as in fig. 4 (B), or ungrounded, as in 
fig. 4 (A). If the balun is working properly, there will 
be no difference whether the resistors' center is 
grounded or not. Any differences can give an impor- 
tant clue as too the type of problem being encoun- 
tered. In all cases, I'II assume the total load impe- 
dance, RL, is equal to the characteristic impedance, 
Zch,  of the transmission line. 

First, let's assume the center tap of the load is not 
grounded, as in fig. 4 (A). The resistive component 
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fig. 4. Test circuit for a 1:l balun without a tertiary winding, 
with and without the load impedance centertap grounded. 
Z,, = R ,  in both cases. 

of impedance looking into the unbalanced end will be 
RL ohms regardless of the frequency. In fact, it will 
Qe RL ohms if measured with a dc ohmmeter. 

Thus, you can be lulled into a false sense of securi- 
ty if you depend on impedance measurements alone. 
This happened to me. I ran down to the low frequen- 
cy limit of the signal generator, and the impedance 
remained on 50 ohms! But let's look at what happens 
to the balance in the output voltage in both magni- 
tude and phase. This latter point does not appear to 
have been considered by most writers on baluns. 

phase shift 
Ideally the voltages between point B and ground 

and D and ground (fig. 3) should be equal in magni- 
tude and opposite in phase. Each of these voltages 
should also be equal to one-half the voltage between 
A and ground (the input voltage). As the frequency 
is lowered below that at which balun action is effec- 
tive, the voltage at B will approach that at A, and the 
voltage at D will approach zero. The total voltage 
across RL is still equal to the input voltage but not 
balanced with respect to ground. 

The need for magnetizing current can be verified 
by making voltage and phase measurements across 
the two halves of the balanced load. The phase and 

2 5 0  

FREOUENCY IMHzI 

fig. 5. No tertiary winding. Phase and amplitude of balanced 
output voltages - load centertap not grounded, as in fig. 
4 (A). 

magnitude of the output voltage as a function of fre- 
quency are shown in fig. 5 for the case where the 
load resistance centertap isn't grounded. The ampli- 
tude measurements are shown in dB with respect to 
the input voltage; the voltage across each half of the 
load resistor should be one-half, or 6 dB down, from 
the input voltage. The phase measurements are the 
phase difference between the balanced output volt- 
ages; these, of course, should be 180 degrees apart. 
These measurements are plotted in fig. 5. 

After looking at fig. 5, you're probably thinking, 
"No well-behaved balun would act like that. There 
must be something wrong with his test setup." My 
answer is that the balun is not well behaved and 
there's nothing wrong with the test setup. 

Let's look at the same balun, measured at the 
same time, with the same equipment, but with the 

5 10 

FREOUENCY /HrJ 

fig. 6. Same as in fig. 5but with the load centertap grounded 
to provide a path for the magnetizing current. This balun is 
usable between 3 and 36 MHz. 

load-resistor centertap grounded. The magnetizing 
current now has somewhere to flow. The amplitude 
and phase responses shown in fig. 6 are very close to 
what one would expect. The balun appears to be 
usable over 3-35 MHz, just by grounditig the load im- 
pedance centertap! This, I believe, demonstrates the 
necessity of providing a path for the magnetizing 
current. 

Before leaving the subject, look at the input impe- 
dance of the balun with and without the load center- 
tap grounded, as shown in fig. 7. There is very little 
difference between the two impedance curves, so 
we can conclude that impedance measurements by 
themselves are not necessarily a good measure of a 
balun's actual performance. 

So, a path for the magnetizing current is absolute- 
ly necessary, but grounding the centertap may not 
be practical in all cases and it causes an unbalance 
even when it is possible. This result leads us to look 
at another way of providing a path for the magnetiz- 
ing current, namely, a tertiary winding. 

coupling between windings 
As previously noted, the tertiary winding is con- 

nected between the high side of the balanced output 
and ground as shown by E-F in figs. 1 (C) or 3. You'll 
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fig. 7. Input impedance of 50-ohm balun without tertiary 
winding. Load impedance = 55.7 ohms balanced. 

E observe that it must support a voltage of - volts, the 
2 

ssme as each of the main windings. In fact, if accu- 
rate amplitude and phase balance are to be main- 
tained at the balanced terminals, the voltage across 
all three windings must be the same at all frequen- 
cies. This implies that the coupling between all three 
windings must be very tight; indeed, the tightness of 
coupling is one factor that determines the balun 
bandwidth, a need that doesn't seem to have been 
pointed out before. 

The degree of coupling between the main wind- 
ings is not a problem as these windings are part of a 
transmission line. The coupling between these wind- 
ings and the tertiary winding, however, is crucial. I'll 
discuss how to accomplish tight coupling when I 
describe construction details. 

The requirements imposed on the tertiary winding 
are basically the same as those on the main winding: 

E first, the tertiary must support a voltage of -; sec- 
2 

ond, the series-resonant frequency should be at least 
one octave above the highest operating frequency; 
and third, the tertiary winding must have the same 
number of turns as the main winding and be very 
tightly coupled to it. 

impedance levels 
There seems to be a difference of opinion about 

the inductive reactance required on a balun winding. 
The usual number given suggests that the reactance 
at the lowest operating frequency should be at least 
ten times the characteristic impedance of the balun. 
This might be a good number to use if the entire in- 
put voltage, E, were across the balun winding. Ac- 
tually, only one-half the input voltage is across any 

dure can now be worked out as follows: 

1. Number of turns and core size. The first prob- 
lem is to select a core size and determine the number 
of turns. These two choices are interrelated. If good 
high-frequency performance - above 30 MHz - is 
required, small physical size is important. Where 
good low-frequency performance is important 
and/or high power will be used, a large size is indi- 
cated. If all three characteristics are desired, obvious- 
ly compromises must be made. 

Based on the experience of Reisert.7 I started with 
an Indiana General F-568-1 core of 0-1 material. 
Next, I wound a test coil on the core; it's not neces- 
sary to use actual transmission line for this test wind- 
ing provided the winding has the same form as that 
of the final winding. I used no. 16 (1.3-rnm) enamel 
wire with the turns spread out to occupy the same 
space as the final transmission line (RG-141lU coax 
in this case). 

Next, I measured the coil impedance over the fre- 
quency range of interest, 3.5-30 MHz. The reactance 
should be at least four to five times the characteristic 
impedance over the entire frequency range desired. 

It's a good idea to extend the impedance measure- 
ments to at least one octave above and below the 
wanted frequencies to ensure that the impedance is 
well behaved. You should find that the reactance 
peaks up at a given frequency, then falls off, and 
eventually goes negative. The peak is the parallel-res- 
onant frequency of the winding. The frequency at 
which the reactance is zero is the series-resonant fre- 
quency; this frequency must be at least twice the 
highest frequency at which the balun will be used. 

FREOUENCY (MHz I 

fig. 8. Susceptance of a ten- and twelve-turn coil on a 
F-568-1 core of Q1 material. 

one winding so that the reactance-to-characteristic- 
impedance ratio can be reduced to 5. In his article, Generally speaking, it will be found that, for a 
DeMawg suggests a value of 4; this ratio will give a given core and winding form, the ratio of highest-to- 
maximum VSWR of 1.64:1, which is better than most lowest usable frequency will be approximately con- 
Amateurs achieve anyway. stant. Changing the number of turns will just slide 

this ratio up or down on the frequency scale. 
design procedure Measurements made on a 10- and 12-turn balun 

With the preceding background, a design proce- are shown in fig. 8. I've plotted susceptance 
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I ( B  = ,) since a high reactance or low susceptance use with that impedance? Since the design of balun 
A 

is desired; the curve would be off the paper over 
most of the frequency range for any reasonable reac- 
tance scale. If it's required that the reactance be 250 
ohms (five times the characteristic impedance), the 
required susceptance range is between - 4  milli- 

FREOUENCr ( M H z )  

fig. 9. The measured resistive and reactive components of 
input impedance of a 12-turn balun with a tertiary winding. 
The load impedance was 55.7 ohms. The theoretical resis- 
tive component is shown by the dotted line. 

siemens and 4 millisiemens.* This places the low-fre- 
quency limit at about 2 MHz for the twelve-turn 
winding and 3 MHz for the ten-turn. 

The real (resistive) component of impedance, if 
measured on a series equivalent basis, should be no 
more than one-tenth, and preferably one-twentieth, 
the load impedance. If this component is measured 
on a parallel basis, it should be at least ten to twenty 
times the load impedance. 

If you can't get enough turns on the core, you'll 
have to use a larger core or a higher permeability 
material. I found that twelve turns would cover 2 
MHz through 30 MHz. Comparing my frequency 
range with Reisert1s,7 I found that Reisert required 
the reactance of the winding to be at least ten times 
the characteristic impedance of the line, while I 
allowed the reactance to drop to five times the load 
impedance. 

We can now turn our attention to the transmission 
line. 

2. Transmission line. It doesn't seem to be general- 
ly appreciated, but the characteristic impedance of a 
balun transmission line must match the load impe- 
dance. This is not because of VSWR considerations 
but to obtain a flat frequency response at the high- 
frequency end of the balun. This implies two require- 
ments which are seldom true in the Amateur case; 
First, the antenna impedance must be accurately 
known, whereas it is usually estimated. Second, 
even if you do know your antenna impedance, how 
do you design a transmission line suitable for balun 

'Millisiemens are the SI units of conductance and susceptance replacing 
the millimho; the abbreviation is mS. 

transmission lines would take an article itself, I'll not 
consider it further. 

To see the effect of a mismatch, let's jump ahead 
and look at the measured input impedance of the fin- 
ished balun, which is shown in fig. 9. Here, the 50- 
ohm coax was terminated in a 55.7-ohm balanced 
load. By Amateur standards, this is a very close 
match, yet the input impedance sags by more than 
10 per cent at 30 MHz. Why? 

To find out, let's go back to the basics. The length 
of coax used to wind the balun measured a quarter- 
wavelength long at 45.33 MHz. At this frequency, 
then, the input impedance for a 55.7-ohm termina- 
tion should be 44.88 ohms caused by the quarter- 
wave impedance inversion effect. For lower frequen- 
cies, the theoretical input impedance, as calculated 
from the transmission-line equation, is shown by the 
dotted line; in fig. 9 note that the measured and 
theoretical are within 1 or 2 ohms to beyond 30 MHz. 
I could therefore have dramatically flattened the in- 
put impedance curve by securing a better impedance 
match at the output end. 

If a balun designer were to look at the drooping in- 
put impedance curve, without realizing its true 
cause, he would think he had a bad design. On the 
contrary, there's nothing wrong with his balun that a 
better match wouldn't cure. 

A mismatch has another detrimental effect - 
namely, it adds reactance. Assuming the mis- 
matched load is a pure resistance and the mismatch 
is small, which I have, the maximum reactance will 
be generated when the balun is about one-eighth 
wavelength long, or at about 22.6 MHz in this case. 
Notice the dip in reactance around that frequency. 

This also points out the fact that, where a mis- 
match may occur, the balun winding should be as 
electrically short as possible. If the balun described 
were to be used on a triband beam for, say, 10, 15, 
and 20 meters, at least one turn, and possibly two, 
should be removed from the balun. 

The rise in reactance at the low-frequency end is 
caused by the shunting effect of the tertiary winding. 
If it's assumed that the series equivalent reactance 
must be less than one-tenth the load impedance, the 
limiting frequency for this effect is less than 1.5 MHz. 

Since this balun will be used in a %-ohm system, a 
50-ohm line will be used: RG-141 /U, which is coaxial 
cable. I'm not particularly happy about using coaxial 
cable for both electrical and mechanical reasons, but 
I haven't been able to construct a 50-ohm balanced 
line that I consider satisfactory; so coax it is. 

construction 
Before winding the toroid, let's consider the terti- 
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ary winding. I said earlier that the tertiary winding 
should have the same number of turns as the main 
winding and must be coupled very tightly to it. This 
latter requirement means that the tertiary must be 
wound as close as physically possible to the main 
winding. 

To ensure this, I removed the fabric covering from 
the RG-141lU but left the outer Teflon layer of insu- 
lation. I placed a length of no. 18 (1-mm) enamel wire 
against the Teflon and covered it with heat-shrink 
tubing. When the tubing had shrunk to size, I had a 
compact assembly that could be wound as a single 
unit on the Indiana General F-568-1 toroid core." 

The proof of a balun is in how well the output volt- 
ages are balanced with respect to ground in both 
phase and amplitude. Fig. 10 shows these measure- 
ments. The amplitude deviation is from equal ampli- 
tude (zero dB), and the phase is the actual phase of 
the low side of the balun with respect to the high 
side. This value, of course, should be 180 degrees. 

fig. 10. Amplitude and phase measurements at the balanced 
terminals. 

These measurements were made with a Hewlett- 
Packard model 8405A Vector Voltmeter. Notice that 
both deviations peak at about 40 MHz. This could be 
a manifestation of the impedance mismatch and the 
quarter-wavelength frequency. If so, it points out 
again the importance of an accurate impedance 
match between balun and load impedances. Even 
considering the mismatch effect, the balance isn't 
too bad. It's within 1 dB and 10 degrees to 30 MHz. 

conclusion 
I've attempted to explain how a balun works and 

'A complete kit of parts for the high-performance balun is available from 
Radiokit, Box 429, Hollis. New Hampshire 03049. 

fig. 11. The finished balun. 

to clarify some of the problems you must be careful 
about when designing and building a balun. I've 
emphasized the importance of 1) tight coupling be- 
tween the main and tertiary windings of a balun and 
2) good impedance matching between the balun and 
load. I feel strongly about this to the extent that I 
believe balun manufacturers should include impe- 
dance information in their specifications. 

I've also given one method of building a balun to 
minimize the adverse effects of these problems. I 
don't pretend that the balun design I've presented is 
the only way around the physical limitations of a 
balun; it's simply my best so far. 

I hope my discussion of balun problems inspires 
others to experiment and to produce a better balun. 
With ingenuity, testing and a bit of luck, the balun of 
the future can indeed be better than ever. 
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thirdmgeneration Touch-Tone decoder 

the 
Another approach to 
Touch- Tone decoder 
for your repeater or 
remote-base station 

I f  you own a repeater or a remote-base station, 
you've probably been faced with the problem of 
coming up with a good Touch-Tone* decoder. Now 
you can throw away your toroids and NE567s. Also, 
you can throw away the falsing problems that go 
with these devices and still not throw away half a 
month's salary in the process. 

I'm talking about the Mostek MK5102N-5 decoder 
chip.1 This device accepts the audible Touch-Tones 
and converts them to either row-column information 
or BCD four-bit binary information. The chip also pro- 
vides a valid strobe for logic interfaces. The only 
external parts required are a 3.579545-MHz TV color- 
burst crystal and a band separation filter-limiter 
circuit. 

To prevent falsing, the decoder requires 40 milli- 
seconds of valid tone before the strobe and outputs 
generate output information. When used in the cir- 
cuit described here, an input level variation above 20 
dB presents no falsing problems. Differences in level 

"Touch-Tone is the registered trademark of the American Telephone and 
Telegraph Company. 

between the high and low tones (twist) of over 6 dB 
don't affect performance. 

features 
The circuit provides the following features for use 

in a repeater or remote-base application: 

1) Sixteen outputs for use in control circuits 

2) Requires five tones of proper frequency and order 
within five seconds of the first digit before a control 
output is generated 

3) Provides *, #, 1, and 0 for use in autopatch appli- 
cations (optional) 

4) All ten digits are available for use in a regeneration 
autopatch system (optional) 

5) Strobe and BCD information are available for use in 
external circuits 

6) Control outputs (command outputs) and phone- 
patch outputs can be either high-true or low-true 

7) Requires a single + 12 Vdc supply 

8) Cost is approximately $100 for all features 

Touch- Tone decoding has been covered in numer- 
ous articles. Therefore, I won't rehash all the basic 
information. Reference 1 gives a complete descrip- 
tion on how the MK-5102-N5 works. For our pur- 
poses let's just say that we put high group and low 
group in and get BCD information out. 

By James Wyma, WA7DPX, 12952 Osborne 
St., Arleta, California 91331 
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fig. 1. Improved Touch-Tone decoder schematic using the Mostek MK5102N-5 decoder chip. A kit is available for the complete 
decoder or optional circuits (see text). 
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circuit description 

The Touch-Tone decoder schematic is shown in 
fig. 1. Let's start at the audio input. IC-1A is one- 
fourth of a MC3401 op-amp used as a buffer ampli- 
fier. The MC3401 is a special op-amp constructed to 
run on single-ended power supplies. You'll note that 
provisions are made for two inputs on the decoder 
(RX audio and control RX audio). These inputs 
should be low level (approximately 20-30 mV p-p). If 
your receiver audio level is much higher than this, 
you may have to change the input-pot value or the 
value of the feedback resistor in the op-amp 
(between pins 8 and 9). 

The gain and input pot should be adjusted for a 
level of approximately 100 mV p-p (22 mV rms) when 
a tone corresponding to the digit 5 is being received 
(measured at IC-2 pin 4). Take care in setting up this 
level. If excessive levels, such as 1 volt p-p, are 
shown at this point, the decoder won't function 
properly. If both inputs are used, provisions should 
be made for gating the two signals so that only one 
signal is present at a time. This can be done by using 
a COR or PL logic level from the control receiver to 
gate a CD4066 analog switch. 

When a signal (or PL) is received on the control 
receiver, the repeater input is gated off and the con- 
trol input is turned on. When in the repeater-input 
mode (no control signal), the opposite occurs. If only 
one input is needed, delete the additional pot, resis- 
tor, and coupling capacitor. 

separation filter-limiter 
I mentioned earlier that the MK5102 needs a band- 

sepa.ration filter and limiter circuit. The ACF7711 
(IC-2) performs band separation. This could be done 
by cascaded bandpass amplifiers using op-amps as in 
reference 1. However, the ACF7711 has the advan- 
tages of size and temperature stability. 

To obtain the stability of the ACF7711 in a discrete 
op-amp circuit, high-precision capacitors and resis- 
tors are required, which aren't cheap. The two 47k 
resistors and the 1-pF capacitor on IC-2 pins 6 and 7 
allow the filter to function on a single-ended supply. 
Don't omit the 1-pF capacitor at this point. 

Speaking of capacitors, let's make a point at this 
time. All the 1-pF capacitors should be of the low- 
leakage type. The two outputs (high and low group) 
of the separation filter feed into limiters (IC-1B and 
IC-1C). These amplifiers feed square-wave signals to 
the decoder. (For a more detailed description of the 
band separation filter and limiter, refer to the data 
sheetsfor the ACF-771 1 and the Mostek MK-5102-N5, 
which are available from references 2 and 3 respec- 
tively. 

Incidentally, a pin-for-pin equivalent of the 
ACF-7711 is made by Data Signal Corporation of 
Watertown, Massachusetts. However, I was informed 
by their sales manager, Mr. Clarence L. Walker, Jr. 
(after two letters and three phone calls to reach him) 
that: "We have plenty of business without dealing 
with a bunch of cheap hams who always want some- 
thing for nothing." So be it. I hope you bear this in 
mind if you plan to do business with this company. 

decoder-translator 
The limited signals are fed into the high- and low- 

group inputs of Mostek decoder IC-3. The output 
format pin (pin 6) is grounded so that the outputs are 
in the form of BCD-coded information. Note that the 
MK-5102-N5 is a 5-Vdc CMOS device. However, the 
control logic used in our repeater is high level CMOS 
(12 Vdc). This was done to obtain a higher noise 
immunity level on the circuits. This function is per- 
formed by IC-4 and IC-9. 

IC-4 translates BCD information. IC-9 translates the 
strobe to high level CMOS. The F4104 IC provides 
both noninverted and inverted outputs. In the strobe 
case, both outputs ate used. The BCD information 
from IC-4 is fed to IC-5, IC-6, and IC-7. The BCD 
information is also fed into the board edge connector 
for use in other auxiliary equipment (such as LED 
number display, auto-dialer, Touch-Tone regener- 
ator, or additional control circuits). 

The CD4514 and CD4515 (IC-5, 6 and 7) are 
BCD-to-16 output decoders. The CD4514 and 
CD4515 are identical except for the output states. 
The CD4514 has true outputs high, while the CD4515 
outputs are low. Other than this, the two.are pin-for- 
pin identical. What this means is that IC-6 could be 
replaced with a CD4514 if you needed command out- 
puts that were high instead of low. The same is true 
for IC-7. The device used in IC-5 must be a CD4514 
(unless you don't want things to work). 

mode-select logic 
After running through the translator, the strobe is 

fed to IC-8 pins 1 and 5. Pins 1 and 5 are inputs to 
two sections of the NAND gates. The other inputs 
(pins 2 and 6) of these two NAND gates go to IC-9 
pins 6 and 7. These two outputs of IC-9 are the non- 
inverted and inverted outputs of the input on pin 5. 
IC-9 pin 5 is what I call the "mode-select input" for 
the decoders. 

The state of the mode select (high or low) deter- 
mines whether the sequential control outputs or the 
phone patch outputs are enabled. To explain this, 
let's go through the logic when the mode select input 
is high. This condition corresponds to the control 
mode when the sequential control decoder is enabled. 
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A high on IC-9 pin 5 produces a high on pin 6. This 
action causes a high on IC-8 pin 2. When a valid 
Touch-Tone digit is decoded, the strobe is high. This 
action places a high on IC-8 pin 1. 

When both inputs (pins 1 and 2) of IC-8 are high, 
the' NAND output is low (pin 3). This output is con- 
nected to IC-5 pin 23 (the enable pin for the CD4514). 
When this pin is low, the inputs are enabled. When 
high, the outputs all go to a low state. It's necessary 
to return all the outputs to a low state for the sequen- 
tial decoder to function correctly. During this time, 
the phone-patch outputs are disabled because IC-7 
pin 23 is held high. A high on IC-9 pin 5 places a low 
(inverted output) on IC-8 pin 6. Consequently, even 
though pin 5 is strobed high, the output remains 
high. This high state keeps IC-7 disabled. 

When the mode-select input is low a similar pro- 
cess occurs, except that IC-7 is enabled and IC-5 is 
disabled. IC-6 outputs are disabled by the sequential 
decoder. (This will be explained later.) The mode 
select input can be controlled by a COR or PL output 
on the control receiver. If your application doesn't 
require the phone patch output, the mode select pin 
should be wired to + 12 volts. The phone-patch 
decoder (IC-7) can be deleted from the board. If you 
want the phone patch outputs but not the command 
outputs, ground the mode-select input. If this is done 
ICs 5,6, 10, 11, and 12 can be omitted. 

sequential decoder 
The heart of the sequential decoder is a CD4022 

(IC-12) Johnson Counter, the electronic equivalent 
of a stepping relay. For the counter to advance, the 
two clock inputs must be in the correct states and 
the master reset must be low. Each time the inputs 
are in the correct conditions (a code match) the 
counter advances one position. When the counter 
advances for the fourth time, a carry output is gener- 
ated. This output is called 04-7. 04-7 will be low dur- 
ing the fourth through seventh advances of the 
counter. 

To explain, let's run through a typical code 
sequence. The decoder is set up so that the first four 
digits are a common address for command func- 
tions. The fifth digit determines the actual command 
output from IC-6. From the time that the first digit is 
sent, the next four digits must be sent within approx- 
imately five seconds. The reason for this is that when 
someone starts sending random digits on a pad, he 
will have a hard time hitting the correct digits within a 
five-second period. 

Say that our address is 4-1-3-7. The outputs from 
the IC-5 are strapped to the D l  through D4 inputs 
(see fig. 1). One way to do this is to use a wire wrap 
edge connector on the PC board. The correct code is 

wire wrapped from outputs to inputs. In our case, 
the output pins for 4, 1, 3, and 7 would be strapped 
to Dl, D2, D3, and D4 respectively. The four digit 
inputs go to one of the inputs of each section of the 
quad NAND gate, IC-11. The remaining input of the 
NAND gates is connected to IC-12, pins 2, 1, 3, and 
7, the Johnson counter. These four pins correspond 
to Oo, 01, 02, and O3 of the counters. These are the 
first four positions in the counter outputs. 

The digit inputs, IC-11, diode CR1 through CR4, 
and the counter outputs form a sequential coinci- 
dence circuit. Each time a correct digit is in the prop- 
er position of the sequence, the counter will advance 
one position on the outputs. 

In our example the first digit is 4. A " 4  places a 
high on IC-1 I pin 1. The counter is in the reset posi- 
tion, so output O0 (pin 2) of IC-12 is high. These two 
highs cause a low on the NAND-gate output (IC-11 
pin 3). This signal is coupled through CR1 to the 
counter clock input. The other counter clock input is 
connected to the inverted strobe output of translator 
chip IC-9. 

These two simultaneous inputs cause the counter 
to advance if the master reset pin (IC-12 pin 15) is 
low. The master reset is connected to the IC-100, a 
CD4528 monostable multivibrator. IC-10 is triggered 
by the high input from D l  (IC-10 pin 4). The resistor 
and capacitor values on IC-10 pins 1 and 2 multivibra- 
tor determine the time constant (the length of time 
that the MR pin [pin 151 on the Johnson Counter 
stays low). 

The values shown in fig. 1 give you about five sec- 
onds to enter the remaining three address digits 
(02-41 and the command digit. When the coinci- 
dence circuit has received digits 4-1-3-7-9, a low is 
placed on IC-72 pin 12 (04-7 output). This low turns 
on the enable input of IC-6 (pin 23). With the chip 
enabled, the BCD information on IC-6 input is con- 
verted to one of the sixteen corresponding output 
digits. These outputs are the command outputs, 
which drive the logic functions in your remote base 
or repeater. 

The CD4515 produces low true outputs. As previ- 
ously stated, a CD4515 can be used as IC-6 if you 
need high outputs to drive your logic. The command 
outputs will remain latched until the timer resets the 
master reset on the counter. These outputs will then 
return to all low for the CD4514 or all high for the 
CD4515. If you need latched command functions, 
the outputs could be used to drive a CD4043 or 
CD4044 quad R-S latch. If you need to drive relays, a 
CD4049 or CD4050 could be used as a buffer for the 
relays. If you need to drive outside information (amp 
or other equipment), the BCD-coded information and 
strobe are brought out to the edge connector pins. 
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# @ K.V.G. 1 CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9-A 2.5 kHz SSBTX $44.85 
XF9-B 2.4 kHz SSB RXrrX $60.85 
XF9-C 3.75 kHz AM $65.40 Export 
XF9-D 5.0 kHz AM $65.40 
XF9-E 12.0 kHz NBFM $65.40 Inquiries 
XF9-M 0.5 kHz CW 4 pole $45.75 
XF9-NB 0.5 kHz CW 18poleI $81.10 Invited 
9.0 MHz CRYSTALS 

I 
XF900 9000.0 kHz Canter $5.30 ShippI'ng 
XF901 8998.5 kHz USB $5.30 
XF902 9001.5kHz LSB $5.30 $1.75 
XF903 8999.0 kHz BFO $5.30 
F.05 Hc251u Socket Chassis .50 per f&er 
F-06 Hc251u Socket P.C. Board .50 I 

I VHF and UHF FILTERS 
ELIMINATE IMD "BIRDIES" 432 MHz PSf432 $58.95 
FROM YOUR RECEIVER. 1296 MHz PSf1296 $58.95 
CLEAN UP YOUR TRANS- 1691 MHz PSf1691 559.95 - - -  ~- 

I MlTTER OUTPUT. Shlooino 53.50 I 

TRANSVERTERS FOR ATV 
OSCARS 7,8 & PHASE 3 

Transverters by M~crowave Modules and olher manulaclurers can convert your 
exlstlng Low Band rlg l o  operate on the VHF 8 UHF bands. Models also 
ava~lable lor 2M to 70cm and for ATV operators from Ch2lCh3 to 70cms 
Each lransverter contams both a Tx up-converter and a Rx down-converter. 
Wrtte lor details of the larqesl select~on ava~lable 
Prices start at ~ 1 8 9 . k  plus $3.50 shipping. 

SPECIFICATIONS 
Output Power 
Recelver N.F. 
Receiver Gain 
Prlme Power 

lncludtng lull lnstructlons $23 00 plus $1 50 sh~pp~ng, elc 1 ANTENNAS (FOB CONCORD. VIA UPS) 
, 144-148 MHz J-SLOTS 

8 OVER 8 HORIZONTAL POL. + 12.3 dBd D8/2M $55.95 
8 BY B VERTICAL POL. D8/2M-VERT. $65.60 
8+8TWlST 8XY12M 557.75 

420.450 MHz 
MULTIBEAMS 

For local, DX. OSCAR, 
and A N  use. 

40 EL. GAIN + 15.7dBd 701MBM48 $64.95 
88 EL. GAIN + 18.5dBd 701MBM88 $88.25 
UHF LOOP YAGlS 
28 LOOPS GAIN + 20 dBi 50-ohm, Type N Connector 
1250-1340 MHz 1296-LY $59.90 
1650-1750 MHz - -- 1691-LY $6345 
Send 301  ( 2  stamDsl for full Oetalls o l  KVG cwstal DrOdIJCtS and all vwr VHF 6 UHF eaulg- 
men1 requirements 
Pre-Selector F~l ters 

. . 

Amplilmrs SSB Transverfsrs 
Crystal F~llers FM Transverters 

power supply 

If a 12-volt battery is used, the resistor and zener 
diode should be used. (Omit the 7812 IC. It must 
have at least 14 Vdc to work). If a higher voltage is 
used, the 7812 regulator can be used (omit the 
zener). Select the value of the 560-ohm resistor for 
your particular input voltage. The value of the 1k 
resistor on the 7&05 regulator should be selected so 
that approximately 7.5 volts is present at the regula- 
tor input. A 5-volt diode could be used. However, 1 
prefer the regulator IC because it filters out a lot of 
the garbage present on the supply line. The HEP170 
diode is for reverse-polarity protection. The fuse can 
be either on the board or mounted externally. If 
externally mounted, install a jumper on the PC board 
where F1 is shown. 

a kit is available 
To assist those who have trouble finding parts, I've 

prepared a kit for the decoder. Please send checks or 
money order to Reliable 2-Way Radio, 513 W. 10th 
St., Casa Grande, Arizona 85222. Here's a list of the 
various options and prices: 

complete kit - all parts and PC board $140 

assembled and tested add $165 

kit - phone only 
Ino sequential decoding) 

complete kit less PC board $1 15 

PC board only $ 25 

Prices include sockets for  all ICs (Molex pins for 
ACF77ll I .  The price doesn't include edge connector for 
board. The edge connector is a Masterite,. part no. 
000206-1 159. The connector is available for $6 from the 
above address. 

If you have questions or comments about the cir- 
cuit, send me a letter with an SASE for a reply. 1'11 be 
glad to answer your questions if I can. Good luck on 
your remote base or repeater. 

references 
1. Larry Nickel. W3QG. "Single IC Touch-Tone Decoder," ham radio, 
June, 1978, pages 26-32. 
2. ACF7711 data sheets, General Instruments, 600 West John Street. 
Hicksville, New York 11802. 
3. MK-5102-N5 dsta sheets, Mobtek Corporation, 1215 West Crosby Road, 
Carrollton, Texas 75006. 
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The engineering brings an entifew new state of the art 
breakthrough by to worldwide radio communications... 

solid state 
continuous rrage 

cantlnuous coverage reception - no gaps - 
no range crystals required 

Amateur Band transmission, Including 

- .  
capability for MARS, Embassy, Government, 
and future band expansions 

4 Sophlstlcated 
System Concept 

+ lnnovatlve 
Design Features 

-& Straightforward 
Simplified Operation 

.I- State of the art 
performance 
now a pleasure 

Broadband, 100% Solid State Design. 
Exclusive SynthesizedlPTO Frequency Control - 1 kHz dial, 100 
Hz digital readout. 500 kHz range pushbuttons. 

xe.~-. ---- -=-. . -- --- - -.-- - Continuous, Wide Range Frequency Coverage - 1.5 thru 30 MHz 
(zero thru 30 MHz with optional Aux7). 

7 Une Accessories State of the Arl "UpConversion" Receiver Design -with high 
level double balanced mixer. 

RV7 Remote VFO PS7 1201240V Ac 
Supply Aux7 Range Program Board True Full-Passband Tunlng improves reception in heavy QRM. 

MS7 Matching Speaker* NB7 Noise Unique Independent Receive Seiectivlty - Optional front panel 
Blanker FA7 Fan SL3W Cw Filter. pushbutton-selected filters. 

300 Hz* SL5W Cw Filter, 500 Hz Effective Noise Blanker - true impulse-type performance. 
SL1800 SsbIRTTY Filter, 1.8 kHz Special High Power SolM State Power Amplifier - diagonal heat 
SL6000 A-m Filter, 6.0 kHz* MMK7 sink allows internal mounting. Continuous duty on SSTVlF?lTY 

Mobile Mounting Kit TR7 Service with o~tional fan. 
KitlExtender ~ o a r d  Set TR7 Service1 
Schematic Book. 

TR7 Internal Test Facilities - "S" meter and built-in rf Wattmeter1 
VSWR Bridge. 

-------- .--- - - - - . -- - - Receiver Incremental Tuning (RIT) 

Specifications and prices subject to change without notice or obligation. 

540 Richard St.. Miamisburg. Ohio 45342 Rm Lm DRAKE COMPANY Phone: (513) 066-2421 ~aex:  208-017 

For a FREE Drake Full Line Catalog contact your favorite Drake Dealer. 
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how to modify 
surplus cavity filters 

for operation on 
144 MHz 

Simple conversion 
of surplus 

41 7IGRC filters 
for top performance 

on 2 meters 

While browsing through an electronics surplus 
catalog recently I came across a rather obscure item 
that immediately caught my attention: a small photo- 
graph of what appeared to be a dual-section reso- 
nant cavity assembly described as a "Bandpass Filter 
for 417lGRC Receivers." The published operating 
frequencies are listed in table 1. Since I had been 
playing around with homebuilt cavities for some time 
and was putting one to good use at my 2-meter base 
station, I thought it would be worthwhile to look into 
the surplus filters. 

I ordered the F-194lU bandpass filter that covers 
the 2-meter Amateur band* and was very pleased to 
find that it was indeed a dual-section tunable cavity 
resonator, beautifully built both electrically and 
mechanically, probably at considerable government 

'$12.95 from Fair Radio Sales, Post Office Box 1105. Lima, Ohio45802. 

expense. The unit was neatly calibrated, rugged, and 
gold plated with low-loss Teflon insulation. 

I ordered several more of the same model for 
experimental use but was told that that particular 
unit was sold out. It then occurred to me that per- 
haps the lower frequency units could be converted 
for use on the 144 MHz 2-meter band. I placed an 
order for the only low-frequency models that were 
available: F-239lU (58.5-67 MHz), F-192lU (100-121 
MHzIandF-193lU (121-142 MHz). I was soon pleased 
to find that I was able to convert all three models for 
operation in the 2-meter Amateur band. The purpose 
of this article is to make more Amateurs aware of this 
unique surplus item and to outline the modification 
procedure for 2-meter operation. 

bandpass filters 
Cavity type bandpass filters have been around a 

long time and have been referred to by many names, 
such as resonant re-entrant cavity, coaxial bandpass 
filter, coaxial tank filter, coaxial TVI filter, tuned cav- 
ity filter, stripline filter, trough line filter, etc. Such 
cavities have been built in many different sizes and 
shapes; filter construction projects in the Amateur 
magazines have been based on common household 
items from beer cans to coffee tins, metal chassis, 
rectangular project boxes, and paint cans. The 
theory of operation of a cavity resonator can be 
described briefly as such: A cavity is an enclosure or 
partial enclosure of any size and shape having con- 
ducting walls or surfaces that can support oscillating 
electromagnetic fields within it and possesses certain 

By William Tucker, W4FXE, 1965 South 
Ocean Drive, 15-G, Hallandale, Florida 33009 
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resonant frequencies when excited by electrical oscil- 
lations. 

Most Amateurs know that a quarter-wavelength of 
coaxial cable, shorted at one end, is equivalent to a 

I / 4  

parallel resonant circuit; the resonant cavity is similar 
and can be seen as a wide-diameter quarter-wave- 

*[ ;4m .., 
length coaxial line shorted at one end, using air as - 

the dielectric. These filters have been used for many 
years as the very high Q tank circuits in vhf and uhf 

Q Q 0 Q 
transmitters and as the tuned rf circuits of receivers. fig. 1. Quarter-wavelength coaxial cable, shorted at one end 

(At, is equivalent to shortened, capacitance-loaded cavity 
The radio-frequency current is at the (C). Performance is similar to lumped L-C tuned circuit (Dl. 

shorted end of the coaxial line or cavity, so a great 
deal of care must be exercised to  ensure a good low- 
resistance rf contact. Because of skin-effect, copper, used in the 417lGRC receivers is the same, although 
'silver, or even gold is used to provide high conduc- the length of the cavities vary according to frequency 
tivity. coverage. The maximum length of the actual cavities 

The open end of the coaxial cavity exhibits a very in these assemblies is 9 118 inches (23.2 cm). That 

high impedance and, therefore, high voltage. If con- length is fine where it approaches a quarter-wave- 

struction requires insulation at the open end, care length at the higher frequency ranges, but is far short 
of optimum at lower frequencies. Though the full 9 

table 1. Resonant frequencies of the surplus tunable 
bandpass filters for 4171GRC receivers. 

MHz MHz 
F-238lU 50.0-58.5 F-196lU 1 84-205 
F-2391U 58.0-67.0 F-197lU 205226 
F-2401U 67.0-76.0 F-199lU 224-254 
F-241 I U  75.0-84.0 F-2001U 254-284 
F-2421U 84.0-92.5 F-2011 U 284-314 

1 /8 inches (23.2 cm) of cavity space is available, the 
designers did not take full advantage of the space. 
Shorter lengths were used on all cavities starting 
with the F-193/U (121-142 MHz). The F-193/U cav- 
ity, for example, is 7 314 inches (19.7 cm) long, and 
the F-194/U (142-163 MHz) is only 6 314 inches (17.2 
cm) in length. Both the F-239lU and the F-192lU use 
the full 9 118 inches (23.2 cm). For conversion to 

F-192/U 100 - 121 F-202/U 31 4-344 144-148 MHz, it is best to select one of the lower fre- 
F-1931~ 121 - 142 F-2031~ 344-374 quency units to take full advantage of the additional 
F-794lU 142 - 163 F-204JU 374-404 
F-1951U 163 - 184 F-2361U 550-600 

length. (Note that a full quarter-wavelength on two 
meters is approximately 20 inches I51 cml). The 
reduction in length below the optimum quarter- 

must be used to select very low-Joss materials so the wavelength lowers the Q of the cavity, but it is still 

very high Qwill not be degraded. higher than the much lower Q afforded by conven- 

Optimum performance can be expected from a tional lumped L-C circuits at these frequencies. 

coaxial resonant cavity when the electrical length of 
the cavity and its inner conductor is a full quarter- 
wavelength long; the frequency of the cavity can be 
changed by varying the length of the inner conduc- 
tor. In those cases where a full quarter-wavelength 
cavity is impractical, shorter lengths can be used 
with capacitance loading. A coaxial line or cavity fig. 2. Placement of loops for in- 

putloutput coupling to the cavity. shorter than a quarter-wavelength is electrically 
For light loading Ql, the 

equivalent to an inductive reactance and requires the loops must be small and spaced 
addition of capacitive reactance to equalize and well away from the center con- 
achieve resonance; this is accomplished by adding a ductor. 

low-loss capacitor across the open end of the cavity. 
A variable capacitor provides a convenient method of 
tuning the cavity to the desired frequency. Generally 
speaking, the least amount of added capacitance Rf energy is usually coupled into and out of this 
results in highest Qand maximum efficiency (fig. 1 ). type of resonant cavity with pickup loops placed dia- 

metrically opposite each other in the electromagnetic 
surplus filters field that exists in the shorted high-current end of the 

The physical size of bandpass filter assemblies cavity (fig. 2). The loops are similar and allow the 



cavity to be used bilaterally. The size of the pickup 
loop, its position, and its proximity to the center con- 
ductor are the factors that determine the degree of 
coupling to the cavity. Large loops and close proxim- 
ity to the center conductor provide close coupling; 
small loops spaced away from the center conductor 
result in loose coupling. Variable coupling in large 
commercial cavities is provided by rotatable pickup 
loops. 

Close coupling reduces the selectivity and lowers 
insertion loss; conversely, loose coupling increases 
both selectivity and insertion loss. Two or more cavi- 
ties can be cascaded for wider bandpass with steeper 
selectivity skirts, or to provide increased selectivity, 

fig. 3. Original configuration of the F-193/U filter which was 
designed to cover 121-142 MHz: carefully remove 118 inch (3 
mml of material from part I3 to convert to two meters. 

depending upon the degree of inputloutput coupling 
used in each cavity. 

filter applications 
Bandpass filters of the type discussed here are 

most often used to minimize or eliminate intermod 
and desense interference which originates from 

fig. 4. Setup for adjusting the converted dual-section cavity 
of 144-MHz; tune for minimum vswR at the desired 
operating frequency. 

transmitted output. Spurious out-of-band emissions, 
including harmonics, are greatly attenuated, thus 
minimizing possible illegal interference with other 
services; this also reduces the possibility of TVl. 

surplus filter conversion 
Conversion of the 417lGRC bandpass filters does 

not require the addition of any parts. The F-193lU 
unit, which was originally manufactured to cover 
121-142 MHz, requires only a simple modification to 
tune it up on the Amateur 2-meter band. Remove the 
six hex nuts from the rear of the assembly and care- 
fully slide out the stationary portion of the cavities 
and its housing. Referring to fig. 3, part B is the fixed 
portion of the variable concentric capacitor which 
provides a fixed lumped capacitance because of its 
proximity to the cavity wall; variable capacitance is 
introduced by the movable capacitor section, part A, 
fig. 3, which is controlled by the front panel knob. 
The conversion is made by simply removing no more 
than 1 18 inch (3 mm) from part B (shown by the dot- 
ted line) with a hacksaw, grinder, or hand file; 
remove all burrs, reassemble the cavity, and the con- 
version is complete except for testing. 

A dipmeter may be used effectively to check the 

sources outside the desired band. On 2 meters such 
interference may originate in the 150-170 MHz com- 
mercial band; considerable interference also origi- 
nates in the local fm and television broadcast bands 
and in the 120-136 MHz aircraft band. In most cases 
the cavity bandpass filter is placed in series with the 
transmission line to the antenna and attenuates all 
signals which fall outside its sharp passband. 

As an example, I am located not far from two pow- 
erful broadcast stations. an fm station on 91.3 MHz 

BEFORE CONVERSlON 

- ~ 

and a Channel 2 television transmitter (video on 
55.25 MHz). The two signals get into the front end of 
my receiver through the antenna, mix, and produce a 
broad, garbled fm signal centered on 146.55 MHz. 
Insertion of a bandpass cavity in the transmission line 
completely removes the offending signals and allows 
simplex communications on 146.55 MHz with the 
weakest signals. AFTER 

Most Amateurs use transceivers on 2 meters so 
fig. 5. Conversion of the F-192lU filter (100-121 MHz) to two 

the cavity is in the transmission line during transmis- meters. Original arrangement before conversion is shown at 
sion as well as reception. This is a bonus because the (A); (6)  shows the modification with a hex nut which moves 
cavity provides many benefits when used in the the resonant frequency to the 144-MHz band. 
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fig. 6. Modification of the F-239IU filter (58.567.0 MHz) for operation on the 144-MHz Amateur band (see text). 

frequency range. Use a very small pickup loop con- 
nected to either port of the cavity (about 112 inch 112 
mml or less) and couple it lightly to the dipmeter. 
With the front dial turned fully clockwise, a sharp dip 
should occur around 130 MHz; fully counterclock- 
wise, the dip should occur at about 155 MHz. Note 
that the dips are very sharp in this lightly loaded con- 
dition and can be easily missed. Check both input 
and output in the same way. The dial can be recali- 
brated in any manner you wish. 

If a dipmeter is not available, a receiver can be 
used to find out if you are in the 2-meter range. Tune 

in a rather weak signal and as you tune the cavity to 
resonance at that frequency, the signal should pick 
up nicely. 

After you have determined that the conversion is 
successful, you can install the unit permanently in 
the transmission line as shown in fig. 4. Adjust the 
cavities for lowest VSWR. When transmit frequency 
is moved appreciably, about 500 kHz, you may have 
to retune the cavity for lowest VSWR. I suggest you 
keep the VSWR meter and the cavities as close as 
possible to the transceiver. 

The F-192lU filter was originally designed to cover 



100-121 MHz. Follow the same procedure as previ- 
ously when taking the assembly apart. The conver- 
sion simply involves rearranging the configuration as 
shown in fig. 5, before A, and after B. The hex nut 
used as a spacer is borrowed from the rear of the 
assembly. Make sure the Teflon insulator is reassem- 
bled k i t h  the extrusion part as shown because this 
provides a lowest leakage path at the high impe- 
dance point. When testing this unit, note that the 
capacitor will short out at the full clockwise position. 
The frequency range should be about 135-175 MHz. 

The F-239lU filter was designed to cover 58.5-67 
MHz and requires more extensive modification. 
Before taking the assembly apart, remove the three 
screws visible on the outside surface of the cavity. 
Carefully slide out the fixed portion of the assembly 
and remove all the fixed and variable capacitor sec- 
tions from the center conductor and the rotor sec- 
tion. Select the parts needed as shown in fig. 6 and 
reassemble. You will have quite a few pieces of hard- 
ware left over for your junk box. The only additional 
parts you will need are two or three thin washers that 
can be used as spacers (part G, fig. 6); as shown, 
the modified cavities cover 120-170 MHz. If more se- 
lectivity is desired, the pickup loops can be shortened 

fig. 8. Separation of the two cavities for use as two tuned, 
single-section wave traps. 

I have included a list of magazine articles from the 
past ten years for the convenience of those readers 
who wish to delve further into the subject of cavity 
filters. 
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control, which shifts the output waveform up or varlable output, TTL-level output and Sync 
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The TS-180s with DFC (Digital Frequency Control) is Kenwood's top-of-the-line all solid-state HF SSBICWIFSK transceiver 
covering 160 through 10 meters, with outstanding performance and many advanced functions, including four tunable 
memories to  provide more operating flexibility than any other rig! 

Built 
freqt 
and ' 
"out .- . 

TS-180s FEATURES: 
Digital Frequency Control (DFC), including four memories and 
digital upldown paddle-switch tuning. Memories are usable in 
transceiver or split modes, and can be tuned in 20-Hz steps up or 
down, slow or fast, with recall of the original stored frequency. 
(Also available without DFC.) 
All solid-state; 200 W PEP1160 W DC input on 160-15 meters, and 
160 W PEP1140 W DC on 10 meters. 
Improved dynamic range. with improved circuit design and RF 
AGC ("RGC"), which activates as an automatic RF attenuator to 
prevent receiver overload. 
Adaptable to three new bands, and VFO covers more than 50 kHz 
and DFC 100 kHz above and below each band. 

i n  microprocessor-controlled digital display. Shows actual 
rency and switches to show the difference between the VFO 
"MI" memory frequencies. Blinking decimal points indicate 
of band." (An analog monoscale dial is also included.) 

It shift (passband dialing to eliminate ORM). 
Dual SSB filter system (second filter is optional) to pro 
sharp receiver selectivity, improved SIN, and 30 dB c o ~  
with RF speech processor on transmit. 

vide very 
npression 

Tunable noise blanker, to el~minate cross modulation from strong 
signals when noise blanker is on. 
Selectable wide and narrow CW bandwidth on receive (500-Hz 
CW filter is optional). 
SSB normallreverse switch (proper sideband is automatically 
selected with band switch). 
Dual RIT (VFO and memorylfix). 
Available without DFC. Digital frequency display still included. 
with differential function showing difference between VFO and 
"digital hold" frequencies. 

OPTIONAL ACCESSORIES: 
OF-180 digital frequency control (for TS-IBOS without OFC) 
YK-88CW 500-Hz CW filter. 
YK-EBSSB second filter for dual-filter system. 

I.) - 1  $4 
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  he R-1000 is a highly advanced communications receiver. Up-conversion, PLL circuitry and other new technology pro- 
I 

vide optimum sensitivity, selectivity, and stability from 200 kHz to30 MHz. Featuring easy-to-operate single-knob tuning 
and digital frequency display, it's perfect for listening to shortwave, medium-wave, and long-wave bands. Even SSB 

~ $ 1  
signals are received perfectly. Included is a quartz digital clock and timer. i 

! 
I 

R-1000 FEATURES: 
Continuous frequency coverage from 200 kHz to 30 MHz. 
30 bands, each 1 MHz wide. 
Fivedigit frequency display and illuminated analog dial. 
Quartz digital clock and ONlOFF timer. 
Multi-modes.. . AM (wide and narrow), SSB (USB and LSB). 
and CW. 
Three IF filters.. .2.7 kHz for SSB and CW. 6.0 kHz for AM 
nanow. and 12 kHz for AM wide. 
Effective noise blanker. 
Built-in speaker. 

The R-300 all-band communications receiver covers 
170 kHz to 30 MHz in six bands. It's ideal for listening 
to foreign broadcasts and other exciting transmissions 
throughout a wide range of the radio spectnrl~ 

I 

Three antenna iermtnals 1 
RF step anenuator I 

I 
Tone control. 
Record~ng term~nal 
Remote term~nal. for access to ttmer relay ONlOFF ctccutt and 
muttng ctrcutt 
SSB senstttvtty of 0 5 pV from 2 to 30 MHz 
More than 60 dB IF Image ratto 

- i 
> I  

More than 70 dB IF rejectton. 
. . 

i 

COI 
six 

100 FEATURES: 
itinuous frequency coverage from 170 kHz to 30 MI 
bands. 

Multi-modes.. . AM. SSB, and CW. 
High sensitivity. selectivity, and image ratio. 
500-kHz marker. 
Three-way power supply (AClbatterieslexternal DC), with 
automatic witchina from AC to DC in the event of AC 
om wer failure. 

=% 
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TRIO-KENWOOD COMMUNICATIONS INC. 
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Bench Power Supply 
A good quality regulated bench supply is prob- 
ably one of the most useful devices you can have in 
the workshop or ham shack. Whether you're just 
getting started in electronics and looking for a first 
project or are an experienced builder or experimenter 
in need of an additional bench supply, here's a sup- 
ply that will fill your needs. This versatile power sup- 
ply can be built in just a few hours, uses readily avail- 
able components, and the finished product is a neat, 
professional looking package. You'll be proud to say, 
"I built it." 

description 
Quick and easy construction is a feature of this 

power supply, which is accomplished with a single 
PC board. Such construction keeps mechanical and 
sheet-metal work to a minimum. Most components 
are on the PC board. Full voltage and current meter- 
ing are provided. The output is isolated from the case 
to allow its use as a positive or negative supply. 

Output current is 3 amperes over the range of 
1.5-15 volts, with short circuit and overload protec- 
tion provided by the IC voltage regulator U1. Output 
ripple is at a low level. The power supply is physically 
small. The basic design isn't limited to bench-type 
power supply applications, because the PC board 
lends itself to installation in fixed equipment. No 
changes in the PC board pattern are required for use 
as a fixed supply. 

the circuit 
The bench supply schematic is shown in fig. 1. 

Component count is very low. The basic design con- 

By Ken Powell, WBGAFT, 6949 Lenwood 
Way, San Jose, California 95120 

sists of a full-wave power supply followed by a three- 
terminal IC regulator. Power transformer T I  is an 18- 
volt 4-ampere unit. It isolates the power supply from 
the ac line while furnishing 18 volts to the bridge rec- 
tifier. T I  primary is fused, and the transformer frame 
is held at ground potential through the three-wire ac 
line cord. The on-off switch is connected to the out- 
put-level control for convenience and safety. The 
bridge rectifier is a single-unit device rated at 4 
amperes 100 PIV. The pulsating dc output from the 
rectifier is filtered by a pair of 1500-pF, 35-Vdc radial- 
lead electrolytic capacitors. 

The filtered dc is applied to the input of the LM- 
350K IC voltage regulator. The output level is con- 
trolled by a divider network formed by R1 and R2. 
Load current is displayed by MI ,  a 3-ampere dc 
meter. M2, a 15-volt dc meter, displays output level. 
The power-supply output is obtained from five-way 
binding posts. The output jacks, meters, and level 
control and switch are the only components not 
mounted on the PC board. 

construction 
PC board construction was chosen for the power 

supply for simplicity, ease of construction, and 
repeatability. Heavy glass-reinforced boardshould be 
used because the power transformer is fairly heavy 
and we want to avoid cracked and broken land pat- 
terns as the board ages and is subjected to stress. 
The etching pattern is shown in fig. 2. 

After etching and drilling, the on-board compo- 
nents can be mounted and soldered as in fig. 3. Pay 
particular attention to the polarity of the capacitors 
and the bridge rectifier. Coat regulator U1 with heat- 
sinking compound on the bottom surface where it 
mates with the heat sink. Fasten these items to the 
PC board as a unit with M3.5 (6-32) hardware. The 
regulator is not insulated from the heat sink. 

This completes component mounting and solder- 
ing. Check the PC board against fig. 3 to ascertain 
that all polarized components are properly oriented. 

The ac cord and front-panel interconnect wiring, 
also shown in fig. 3, can be installed next. The inter- 
connecting wiring should be no. 16 (1.6 mm) strand- 
ed to minimize voltage drop and provide flexibility. 
Solder these wires to the PC board and leave them 
about 25 cm (10 inches) long for connection to the 

50 february 1980 



--I 
(I 

U I 
BOTTOM V I E W  

fig. 1. Schematic of the bench power supply. Basic design 
consists of a full-wave power supply followed by a three- 
terminal lC regulator. 

Parts l ist for fig. 1: 

C1, C2 1500-pF, 35-Vdc BA 18A1506-5 

C3 2.2-rF, 35-Vdc RS 272-1407 

CR1 4 amp, 100 PIV RS 276-1171 

F1 l-ampfuse R S 270- 1283 

FH1 fuse holder RS 270-739 

HS1 heatsink BA 12A2229-9 

IC1 LM-350K CSC LM-350K 

J1, J2 binding posts RS 274-662 

M I  3-amp meter CSC D1-918 

M2 15-volt meter CSC D1-920 

R1 5K RS 271-1714 

R2 220,112-W RS 271-015 

T1 18-volt, 4-amp RS 273-1514 

S1 switch, spst RS 271-1740 

CASE 1 4 . 7 ~  2 2 . 5 ~  14.4cm RS 270-281 
(5-718 X 9 X 4-718 
inches) 

BA: Burstein-Applebee, 3199 Mercier St., Kansas City, Missouri 
641 11 

CSC: Circuit Specialist Co., Box 3047, Scottsdale, Arizona 85257 

RS: Radio Shack, local stores 

Note: A kit is available which includes the following parts: 
1 etched and drilled PC board 
1 regulator, LM-350K (IC,) 
1 heatsink (HS,) 
2 capacitors, 1500 pf/35 Vdc (C, and C,) 
1 resistor, 220 ohms (R2) 
1 capacitor, 2.2 pf 1/35 Vdc (C3) 

The cost of this kit is $21.00 plus $1.50 postage and handling. Ask 
for kit #PS-25-3 from J. Oswald, 1436 Gerhardt Avenue, San 
Jose, California 95125. 

front panel components. They can be trimmed to 
length as the front panel is installed. 

Drill and punch the front panel using caution to 
avoid damaging the smooth finish on the panel. If a 
chassis punch isn't available for making the meter 
holes, a coping saw will work fine in the soft alumi- 
num. When you're satisfied that all the front panel 
components fit well, label the on-off level control 
with dry transfer labels. Apply a coat of clear acrylic 
to the panel to protect the lettering. The front panel 
components can be mounted after the panel is dry. 

At this time the PC board should be mounted to 
the cabinet base. Use standoffs to elevate the board 
above the base. Cut a small notch into the lower 
edge of the cabinet back and install a strain-relief or 
grommet for the ac line cord. Lay the front panel 
down in front of the PC board and complete the 
interconnecting wiring as in fig. 3. This wiring can be 
laced or spot-tied for a neat appearance (photo). The 
cabinet can now be assembled. Your project should 
look pretty much like the photo of the completed 
prototype. If a cabinet is used other than that listed in 
the parts list, you may have to modify the construc- 
tion procedure a bit, but the end result should be the 
same. 

test and applications 
After assembly, the front-panel meters should be 

adjusted for mechanical zero. There are no other 
adjustments, so the little supply is now ready for the 
smoke test. Apply ac power and advance the output 
level control clockwise. The voltmeter should track 
nicely from about 1.5 to slightly over 15 volts. Output 
ripple can be checked on a scope if you have one, 
but, if not, don't be overly concerned about it. The 
two prototype units I built were smooth and ripple 
free. 

The little supply is now ready to go to work. The 
voltage and current range will let you power up quite 
a variety of equipment and circuits. I've used the 

fig. 2. Full-size printed-circuit layout; component placement 
is shown in  fig. 3. 
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Elpctron~cs 

RF 
TECHNICIANS 

Join the people whoare revo lu t~on~z~ng  the navigationand 
communicat~on systems of the world1 

MAGNAVOX is looking for topquality technicianstoassist I 
I 

engineers in the design and development of electronic 
circuits for state-of-the-art communication and navigation 
systems. Openlngs exlst tor the fo l low~ng area: 

RF ANALOG 
POWER SUPPLIES I 

I R e s p o n s ~ b ~ l ~ t ~ e s  Include layout, construction, and testlng 
of breadboard and englneerlng model clrcults 

In addition to excellent salaries and compensation 
package, we offer company paid relocation allowance. So. 
if you're looking for a career with adiversity of challenge in  
astimulating environment, fol low the leader.  . .  come to  
Magnavox. 

For immediate consideration, please forward your resume I t o  Professional Placement, Dept. HR I 
2829 Marlcopa Street 
Torrance, CA 90503 

We are an equal opportunity employer. Women, minorities 
and handicapped are encouraged to  apply. 

ANTENNA COMPONENTS 
Antenna wire, stranded U14 copperweld.. . . ........... $ .06 ft. 
Antenna Wire, stranded # I5  copperweld .............. ,055 ft. 
Antenna wlre, stranded U16 copperweld.. ............. .05 tt. 
Van Gorden HI-Q Baluns. 1:l or 4:l .................. 9.95 ea. 
Unadilla/Reyco. WPAU Baluns. 1:l or 4 1  ............. 14.95 ea. 
Van Gorden HI-Q center insulators ................... 4.95 ea 
Unad~lla/Reyco. WPAU center insulators .............. 9 75 ea. 
Ceramlc "Dogbone" end insulators, pair .................. .98 
Unadilla/Reyco plastic end insulators. pair.. .............. 3.50 
Nylon guy rope. 450 Ib. test. 100' roll ..................... 3.49 
Poly guy rope. 275 Ib. test. 100' roll.. ..................... 3.00 
Unadilla/Reyco WPVS Traps. KW-10 thru KW-40 ...... .21.95 pr. 
Belden 8214 RG-8U type foam coax.. .................. .28 ft. 
Belden 8219 RG-58 A/U foam coax. ................... . l l  ft. 
Berk-Tex 621 1 RG-8X foam coax., Ultraflexible. ........ .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-EX. RG-59). ....... .25 ea. 

....................... Arnphenol PL-258, stralght adapter 1.07 

LARSEN MOBILE ANTENNAS 
Larsen Mount LM-150 2 rntr. 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 .23.22 
......................... NMO-MM magnetlc mount.. 14.91 

NMO-TLM trunk Ild 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 VISA 

Al l  Items F.O.B. Llncoln, S 1 00 minimum shipping. Prlces subject to change 
w~thout notice Nebraska residents please add 3% tax. 

7% ~ 0 6 n w o o d  Lincoln, Nebraska 68510 

I I 
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f ig. 3. Component side o f  t h e  c i rcui t  board; photographs 
show placement o f  the  power  transformer, heatsink, and 
other larger components. 

supply on TTL projects, op amps, vhf rigs, and a 
number of auto radio and tape player combinations. 

The properties designed into the IC regulator take 
most of the worry out of the unit. If you apply a 
shorted piece of gear to the output, or connect a rig 
that draws more current than the supply can furnish, 
the regulator will shut down and no damage will 
occur. If the unit gets too hot, it will shut down. 
When normal conditions are restored, the supply will 
bounce back and go to work again. It's a tough little 
performer and just the ticket for a guy like me, who's 
apt to make an error now and then. 

conclusion 
There are many variations that could be made in 

the supply to suit individual requirements. Compo- 
nents aren't critical, although I don't think I'd go to 
lower values in any case. Changes such as using dif- 
ferent meters with shunts and multipliers would be 
no problem, and a single meter with shunts, multipli- 
ers, and switching could be used. For fixed applica- 
tions the level control could be replaced with a fixed 
resistor and the meters eliminated. Layout and 
mechanical details aren't critical, but the regulator IC 
should be kept physically close to the filter capacitors. 

The cabinet should be well ventilated. If the supply 
is powered up outside the case, keep in mind that 
117 Vac is on the PC board and the interconnecting 
wiring! The low voltages usually associated with 
solid-stateequipment tend toencourage carelessness. 

The supply was a very enjoyable project in that the 
assembly time was minimal (about three hours) and 
no sophisticated equipment was required for build- 
ing, de-bugging, or adjustment. I don't think anyone 
should have any apprehension about trying this one 
for a weekend project. 

ham radio 

More Details? CHECK -OFF Page 94 
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symtanm, b d for th. 
Hinged Base Plate - Concrete new Tr-8 .nd MTOl B. 

Pad, Heavy Duty Winch 

Mounting the Hous 1200 Ib. brake winch 
4200 Ib. raising cable 

Totally freestanding with proper base The MT-GIB is our largest and tallest freestanding 
Total Weight, 243 Ibs. tower. By using the RB-GlB rotating base fixture 

stallations where guys cannot be used. I f  the tower 36. If you the 'Our 
The n45B is a freestanding for in- the M T S l B  is ideally suited for the SY33 or SY- . I 

is not being supported against the house, the pro- caution should be taken to  make certain the eave , , 

per base fixture accessory must be selected. is properly reinforced t o  handle the tower. I f  not, 
one of the base accessory fixtures should be used. 

(Requires 12"xl2"x36" of concrete.) 
(Requires 18"xl8"x48" concrete.) 1 

GENERAL FEATURES 

from the ground. 

I TILT-OVER BASES FOR TOWERS ' FIXED BASE 
ROTATIMG BASE 

// The RB Series was designed for 

j, The FB Series was designed to  the Amateur who wants the add- 
, provide an economical method of 1 ed convenience o f  being able t o  
I moving the tower away from the work on the rotor from the 

4 
' house. It will support the tower in  , ground position. This series of 

1 a completely free-standing vertical bases will give that ease plus ro- 
1 position, while also having the tate the complete tower and an- 

] capabilities of tilting the tower tenna system by the use of a 
I , over to  provide an easy access t o  heavy duty thrust bearing at the 

the antenna. The rotor mounts at base of the tower mounting posi- :. . . 
1 the top of the tower in the con- tion, while still being able to  t i l t  

1 ,  
ventional manner. and wil l  not ro- . I *  the tower over when desiring t o  !' 

1 ! tat. the complete tower. make changes on the antenna - >., system. one-man task with the WII- 

I FB45B . . . $1 14.95 son bases. (Shown above is 

FB8l  B . . . 169.95 RB45B. . . $179.95 4: ;*".- the RBSlB. Rotor is not 
1 1 RB81 B . . . 249.95 A included.) 

-. -- 
ORDER WILSON 

f ..NEW..* 

I ST64 - 64 ft. Stacking Taw 

SYSTEMS, INC. Sl77 - 77 tt. Stack~ng Tow 
1-800-634-6898 4286 S Polar#\ Avr  L n  Vesas Nrvada 89103 

CALL FOR INFORMATlOh 
I ; I 



rWILSON SYSTEMS INC. MULTl=BAND ANTENNAS1 

( A trap loaded antenna that performs l ike a monobander! That's the characteristic o f  this six 
, # I  element three band beam. Through the use o f  wide spaclng and in ter lac~ng o f  elements, the fo l low- 
'I ing is possible: three active elements o n  20, three actlve elements o n  15 and  four  active elements 
; on" 10 meters. N o  need t o  r u n  separate coax feed lines for  each band, as the bandswitching is auto- , matical ly made via the High-Q Wilson traps. Designed t o  handle the max imum legal power, the 

traps are capped at each end t o  provide a weatherproof  seal against rain and dust. The  special 
I High-Q traps are the strongest available in  the industry today. 

SPECIFICATIONS 

Bad  MHz . . . . . . . .  14-21-28 
~aximum power input . L&I ~ t m i t  
Ga~n ldBd). . . . . . . .  -11 Factory 
VSWR @ resonance . . .  1.3: 1 

. . . . . .  Impedance. .5O ohm 
FIB Ratlo . . . . . . . .  Call Factory 

Bwm I0.D. x Length) . .2" x 24' 2%" 
No. of Elemnts. . . . .  . 6  
Longest Element . . . . .  28.2%'' 
Turnsng Rad~us . . . . . .  18'6" 
Max~murn mast diameter . 2" 
Surface area . . . . . . . .  8.6 sq. ft. 

Mahing M a h o d .  . . . . . . . . .  .Baa 
Wtnd Load1ng8 80 mph . . .  215 Ibs. 
Maxernum wind survival . . .  100 mph 
Feed method . . . . . . . . .  Coaxial Balun 

Isuppl~ed) 
Assembled might lapproxl . 53 Ibs. 
Shipp~ng might lapproxl . . 62 Ibs. 

-- z. 
R...... 

w:", 1s 

4 BAND 
TRAP VERTICAL 
(10 - 40 METERS) 

N o  bandswitching 
necessary w i t h  this 
vertical. A n  excellent 
l o w  cost DX antenna 
w i t h  an electrical quarter 
wavelength o n  each band 
and l o w  angle radiation. 
Advanced design 
provides l o w  SWR and 

, exceptionally f la t  
I response across the fu l l  
1 w id th  o f  each band. 

Featured is the  Wilson 
large diameter High-Q 
traps which w i l l  maintain 
resonant points w i t h  
varying temperatures and 
humidity. 

Easily assembled, the  
WV-1A is supplied w i t h  
a h o t  dipped galvanized 
.base moun t  bracket 
t o  attach t o  vent p ipe o r  
t o  a mast driven in the 
ground. 

I 

Radials are required f o r  I 
peak operation. 

(See GR-1 below) - 

SPECIFICATIONS , 

Powerhandling capabil i ty: 

T w o  High-Q traps w i t h  large 
diameter coils 

:YSTEM 3q 
'ME R L Y SYSTEM TH 

rained w i t h  the use o f  a rugged 114" th ick a luminum plate for  boom t o  mast mounting. The use o f  
large diameter High-Q traps In the "SYSTEM 33" makes it a high performing tri-bander and at  a 

1 ( very economical price. A complete step-by-step illustrated instruct ion manual guides y o u  t o  easy 
( assembly and the lightweight antenna makes installation of  the "SYSTEM 33" quick and  simple. 

SPECIFICATIONS 
Band MHz . . . . .  14-21-28 Boom O D .  x length) . .  2" x 14'4" Wlnd loading at 80 mph . . . .  114 Ibr. 

. . . .  Max~mum power mput Lewl L ~ I I  NO. of elements 3 Assembled we~ght lapprorl . . 37 Ibs. The GR-1 is the complete ~ 
. .  Gaon ldbd) . . . .  Call Factory Longestelernent. 27'4" Shtpptng wetqht lapprox) . .  . 4 2  Ibs. 

VSWR a! resonance. . 1.3 1 Turnmg rad~us. . . . .  1 5 ' 9  
Impedance 50 ohms Maxjmum mast d~ameter . 2" 0.0. 
F IB  Ratlo . . . .  Call Factory Surface area . . . . . . . .  5.7 54. It. 

heavy d u t y  egg insulators, In- 1 

structions. The GR-1 wi l l  In- , 
crease the e f f ~ c ~ e n c y  o f  the , 

4286 S Polar#% Avc L n  Veqar N ~ r a d d  89103 
GR-1 b y  p rov~d ing  the correct 
counterpolse. 

P I ~ C C I  and spec~l~carionr sub~cc! lo change wtlhovt nolice 



WILSON MONO-BA ND BEAMS -- 
-- 

-- _ _  -- - 
8 

c 
--*-- 

M52- . 
THE ALL NEW 5 ELEMENT 20 METER BEAM .p 

A t  lest, the antennas that you have been waiting for are here1 The top quality, optimum spaced, and newest designed monobanderr. The 
Wilson System's new Monoband beams are the latest in modern design and incorporate the latest in design principles utilizing some of  the 

the element. 
3. Mountinq Piatas - Boom to M.rt - Rugged 114" thick aluminum plans are used in  combination wi th sturdy U-bolts and saddles fo r  
superior clamping power. 

antenna on the ground, and using the guide-lines from the detailed instruction manual, adjust the tuning 
of the Betamatch so that it wil l  remain set when raised t o  the top o f  the tower. 

The Wilson Betamatch offers the ability t o  adjust the terminating impedance that is far superior t o  
the other matching methods including the Gamma match and other Beta matches. As this method of 
matching requires a balanced line i t  will be necessary t o  use a 1 : l  balun, or RF choke, for the most 
efficient use of the HF Monobanden. 

mum utilization of space and gain. They 
money with better gain and maximum st see why the serious DXers are run- 
ning up that impressive score in contests 

maximum power transfer. 

* m - - - - - - - - - - - - 1 1 I 1 1 - - - - I m I I ~ ~ ~ I a m - I ~ ~ I I ~ I - ~ - - - - m I - - - ~ - m ~  

~1 WILSON SYSTEMS, INC. - 4286 S. Polaris 
I Las Vegas, NV 89103 - (702) 739-7401 

FACTORY DIRECT 
ORDER BLANK 

Toll-Free Order Number ' 
1-800-634-6898 : 

I WILSON SYSTEMS ANTENNAS WILSON SYSTEMS TOWERS I 

1 
1 

1 
1 
1 O n  Coaxial and Rotor  Cable, minimum order is 100 ft. and in 50' multiples. 
I Prices and specifications fubiect t o  change wi thout  notice. C 
I Ninety Day Limited Warranty. A l l  Products FOB Lar Vegas. Nevada 

1 C l l C E I ~ W l l U ~ l . l a 8 8  
1 ....--...- 1...---1---------------I--.....--. 

ACCESSORIES Nevada Res~dents A d d  Sales Tax 

! HD-73 Al l~ancz Heavy Duty Rotor  UPS 109.95 Ship C.O.D. Check enclosed Charge t o  Visa M I C  

1 RCSC 8/C Rotor  Cable UPS .12/ft. Csrd * E x p i r e s  

I R G S U  RGSU Foam-Ultra Flexible Coaxial 
Cable. 3 8  strand center conductor, 11 page UPS .21/ft. Bank * Signature i -- mmru SPECIAL a~~~ewnt 

3 AIRCRAFT CABLE: 
3/16", 1x19: .10lft (rnin. 1000 ft) Name Phone 

1 118". 1x19: .06lft (min. 1000 ftl 
Hnnw dutv 6" turnbuckles: $1.50 ea. (rnin. 10) Street 

--., . - -~~ -~ 

12" eye bolts, 112" stock: .75 ea. (rnin. 10) I city S t a t e z i p  
Cable clamps: .25 ea. (min. 50) 
1111 I-- Ricrmd.pcit*niauWrt to- r(moutnotk.. 1 



vol tage-controlled 
resistance for 
Wien Bridge oscillators 

A simple improvement 
that uses a photocell 

% 

as a voltage-controlled 
resistor 

Wien bridge oscillatorsl~2 require some sort of 
voltage-controlled resistance in the feedback net- 
work to maintain unity loop gain as the frequency is 
varied over a wide range. In practice, part of the 
oscillator output voltage is used to control the vari- 
able resistance element so that the output voltage 
remains constant, or nearly so. The voltage-con- 
trolled resistance must not respond to the output- 
waveform instantaneous value, but only to its average 
amplitude. Thus, the voltage-controlled resistance 
device must have a long time constant compared 
with the lowest-frequency period. 

I've experimented with these circuits over the 
years, using incandescent lamps, diodes, and ther- 
mistors.3 These methods all have shortcomings of 
one kind or another, and I think the idea described 
here works better than any of those others. 

homebrew device 
Shown in fig. 1 is a simple voltage-controlled 

resistor that can be homebrewed with readily avail- 
able parts. Such devices may be available already 
assembled but perhaps not as available as the two 
parts needed to build your own. The controlled resis- 
tor is a cadmium sulfide (CdS) photocell, obtainable 
from Radio Shack for 99 cents (catalog number 276- 
116). Its resistance changes from several meg- 
ohms in darkness to about 100 ohms in bright light. 
It's most sensitive to yellow or green light. A green 
light-emitting diode (LED) causes the CdS resistance 
to vary inversely to the dc control voltage applied to 
the LED circuit. 

To prevent ambient light from interfering with 
operation, the LED-CdS assembly should be sealed 
as shown in fig. 2. The cover may be almost any type 
of scrap material, such as a square of copper-clad cir- 
cuit board. Drill a hole in the cover for the LED to 
stick through into the photocell, then epoxy the parts 
together and spray thoroughly with black paint. Be 
sure to mark the anode lead of the LED before epoxy 
is applied. 

circuit details 
Fig. 3 shows the complete oscillator. U1 is a dual 

jfet op amp, TL072CP, made by Texas Instruments. 
It gives excellent performance in this circuit. The 
oscillator signal at pin 7 of U1 A is buffered and detec- 
ted to provide a dc control voltage for the LED. The 

w C A D M I U M  
S U L F I D E  
P H O T O C E L L  

P, 

C O N T R O L L E D  
OC 

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

fig. 1. Homebrew voltage-controlled resistor. 

IN914 is required because the emitter-base break- 
down rating of the 2N2222 is only 5 volts. The 10- 
ohm resistor in series with the filter capacitor is 
required for stability. The CdS photocell is connected 
into the oscillator circuit in the same way a thermistor 
would be used. Other information on Wien bridge 
oscillators may be found in the references cited. 

1 operation 
The 10-k trimpot is adjusted for maximum undis- 

torted output in the normal manner. If the trimmer 
capacitors on the tuning capacitor are properly ad- 
justed, output amplitude should be flat within about 
0.1 dB between 30 Hz and 200 kHz. If frequen- 
cies lower than 30 Hz are requried, the 500-pF filter 
capacitor must be increased in value to prevent 

I distortion. 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 

56 february 1980 



GREEN 
L E D  

PHOTOCELL 

fig. 2. Cutaway view of homebrew voltage-controlled 
resistor. 

I 
I + 12v 
I 
I IOPF 

ZNPPPP 
I 
I 

m C6S 
I 

IN914  

Ib 10 

+ SVOC 
NOMINAL 

U1 jfet op amp, TL072CP. For availability contact T.I. Supply 
Co., 6000 Denton Drive, Dallas, Texas 75235. 

fig. 3. Wien bridge oscillator with improved gain control 
circuit. 
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1. H. Olson, W G G X N ,  " R e s i s t a n c e - C a p a c i t a n c e  Osc i l l a to rs , "  ham radio, 
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3. C. H a l l .  W A 5 S N Z .  "New Op A m p  C h a l l e n g e s  the 741," ham radio, 
J a n u a r y ,  1978, pages 76-78. 
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I I FREE: HAL-TRONIX 1979 Special clock   it pius a 
FREE lnline RF Probe - with purchase of any Fra 
quency Counter. 
C O M P L E T E  KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 
COUNTER COMPLETE HAL .600A 7 DIGIT COUNTER WlTH FREOUENCY RANGE OF ZERO 
TO bOO MHz FEATURES TWO INPUTS ONE FOR LOW FREOUENCY AN0 ONF FOR HIGH 
FREOIJENCY AUTOMATIC 7FRO SUPPRESSION TIME BASE IS 1 0 SEC OR 1 SEC GATE 
WlTH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY + 001% UTILIZES 10 MHz 
CRYSTAL 5 PPM C O M P L E T E  K I T  5 1 2 9  

1 I H A l 3 0 0 A  7~OlGlT COUNTER [SIMILAR TO 6OOA) WITH FREOUENCY RANGE OF 0. 
300 MHz C O M P L E T E  K I T  $109 
HAL.50A  B.OIGIT COUNTER WlTH FREOUENCY RANGE OF ZERO TO 50 MHz OR BETTER 
AUTOMATIC DEClMAL POINT ZERO SUPPRESSION U W N  DEMAND FEATURES TWO IN. 
PUTS ONE FOR LOW FREOUENCY INPUT AND ONE ON PANEL FOR USE WITH ANY INTER. 
NALLY MOUNTED HALTRONIX PRE SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE 1 OSEC AN0 I SEC TIME GATES ACCURACY + 001% UTILIZES 10 MHz 
CRYSTAL 5 PPM C O M P L E T E  K I T  5 1 0 9  

PRE-SCALER KlTS 
H A L  300 P R E  . . . . .  ( P r e - d r i l l e d  G - 1 0  b o a r d  a n d  a l l  c o m p o n e n t s ) .  .... $14.85 
H A L  300 A I P R E .  . . . . . . . .  ( S a m e  a s  a b o v e  b u t  w l l h  p reamp) .  . . . . . . . .  $24.95 
H A L 8 0 0  P R E  . . . . .  ( P r e - d r ~ l l e d  G.10 b o a r d  a n d  a l l  c o m p o n e n t s )  .... ,529 .95  
H A L  600 A I P R E . .  . . . . . . .  ( S a m e  a s  a b o v e  b u t  w i t h  p r e a m p ) .  . . . . . . .  ,539 .95  

& EAhiiEE?~o!!FZ$ttE!tL~~~tL/~~~~uT P R E B U I L T  6 T E S T E D  $78.95 a OUT. 

'7' TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT COMESWlTH2SIOEO.PLATEO THRU ANDSOLDER FLOWED 
G-10 PC BOARD. 7-567's. 2-7402. AND ALL ELECTRONIC COMPONENTS BOARD MEAS. 
URES 3-112 x 5-112 INCHES. HAS 12 LINESOUT ONLYS39.95 

D E L U X E  1 2 - B U T T O N  T O U C H T O N E  E N C O D E R  K I T  UTILIZING THE NEW ICM 
7206 CHlP PROVIDES BOTH VISUAL AN0 AUDIO INDICATIONS' COMES WlTH ITS OWN 
TWO-TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2.314" x 3.314". COM- 
PLETE WlTH TOUCH-TONE PAD. BOARO. CRYSIAL. CHIP AN0 ALL NECESSARY COMPO. 
NENTS TO FINISH THE KIT P R I C E D  A T  129.95 
FOR THOSE WHO WlSH TO MOUNT THE ENCODER IN  A HAND-HELD UNIT. THE PC ROAR0 
MEASURES ONLY 9 /16 "  x 1.314" THlS PARTIAL KIT WlTH PC BOARD. CRYSTAL. CHIP 
ANDCOMWNENTS P R I C E D  A T  514.95 

A C C U K E Y E R  (KIT) THIS ACCUKEYER I S  A REVISED VERSION OF THE VERY WPULAR 
W84VVF ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. IN  OST MAGAllNE 
AN0 THE 1975 RADIO AMATEUR'S HANDBOOK 5 16.95 

A C C U K E Y E R  - M E M O R Y  O P T I O N  K I T  PROVIDESA SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER. IT CAN ALSO BE ATTACHED TO ANY 
STANOARD ACCUKEYER BOARD WlTH LITTLE DIFFICULTY 518.95 

PRE-AMPLIFIER 
H A L - P A - 1 9  W I D E  B A N D  P R E - A M P L I F I E R  2.200 MHz  BANDWIDTH ( - 3 6 0  
WINTS). 19dBGAIN. FULLY A ~ E M B L E D  AND TESTED ~ 1 . 9 5  

CLOCK KIT - H A L  7 8  F O U R - D I G I T  S P E C I A L  - a?.%. 
OPERATES ON 12-VOLT AC (NOT SUPPLIED) PROVISIONS FOR OC AND 
ALARM OPERATION 

r 
6-DIGIT CLOCK 12/24 HOUR - - - - - - - - - - 

COMPLETE KIT CONSISTING OF 2 PC G.10 PRE.DRILLED PC BOAROS. 1 CLOCK CHIP. 6 
FNO 359 READOUTS. 13 TRANSISTORS. 3 CAPS. 9 RESISTORS. 5 DIODES. 3 PUSH- 
BUTTON SWITCHES. POWER TRANSFORMER AN0 INSTRUCTIONS DON'T BE FOOLED BY 
PARTIAL KlTS WHERE YOU HAVE TO BUY EVERYTHING EXTRA P R I C E D  A T  312.95 

C L O C K  C A S E  AVAILABLE AN0 WlLL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR 
PRICE . . $6 50 BUT ONLY U.50 WHEN BOUGHT WlTH CLOCK. 

S I X - D I G m  A L A R M  C L O C K  K I T  FOR HOME CAMPER RV OR FIELD-DAY USE. OPER- 
ATES ON 12.VOLT AC OR DC. AND HAS ITS OWN 60-Hz TI'ME BASE ON THE BOARO. COW 
PLETE WlTH ALL ELECTRONIC COMPONENTS AN0 TWO-PIECE. PRE-DRILLED PC BOARDS. 
BOARO SIZE 4'' x 3" COMPLETE WITH SPEAKER AND SWITCHES. IF OPERATED ON OC. 
THFRF IS NOTHING MORE TO BUY. P R I C E D  A T  $18.95 
'TWELVE.VOLT AC LINE CORD FOR THOSE WHO WlSH TO OPERATE THE CLOCK FROM 
110 VOLT AC. 52.50 

I I S H I P P I N G  I N F O R M A T I O N  - ORDERS OVER $15.00 WlLL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED. ON ORDERS LESS 
THAN $15 00  PLEASE INCLUDE AOOITIONAL $1.00 FOR HANDLING AN0 MAILING 
CHARGES SEND SASE FOR FREE FLYER 

NOW AN ALUMA TOWER 
D I S T R I B U T O R  

' I P. 0. BOX 1101 
HAROLD C. NOWLAND SOUTHGATE, MICH. 48195 

WBZXH PHONE (313) 2851782 

More Details? CHECK-OFF Page 94 



a carriermoperated relay 
for your 

Heath HW-2036 

Simple mods 
you can make 
to enjoy your 
a-mlfm radio 

and your 2-meter rig 
at the same time 

If you have problems doing more than two things 
at once, then this modification is for you. Try it if you 
own a HW-2036 2-meter rig and have trouble trying 
to decide between listening to an interesting conver- 
sation on the rig and soothing background music 
from your a-mlfm radio while traveling down the 
road. 

I've installed a COR (carrier operated relay) in the 
2036 to switch the a-mlfm radio on and off when the 
2036 is receiving a signal. The a-mlfm set goes off 

when a signal is received on the 2036, which results 
in only one radio being on at a time - a real blessing 
for eliminating the hectic atmosphere in an automo- 

I bile when both radios are running simultaneously and 
you are in rush-hour traffic. 

1 operation 
The circuit is simple and I'm surprised that Heath 

hasn't made it an available option on, the 2036. The 
basic idea is to turn off the a-mlfm radio during the 
transmit and receive modes of the 2036. 

The benefit of turning off the a-mlfm radio during 
the transmit is twofold. First, there's no possibility of 
transmitting your soothing background music over 
the 2-meter rig, which is not looked upon favorably 
by the FCC, to say the least. The second benefit is 
that listening to the a-mlfm radio is automated while 
going down the road. 

circuit 
The diodes (fig. 1) are used solely for isolation to 

keep this circuit from affecting anything going on at 
the connection points in the 2036. The RC network 
on the relay gives a delay of 1-2 seconds to keep the 
a-mlfm radio off during short repeater dropouts or 
when working simplex. 

By Gary L. Long, WD5HYQ, Route 5, Box 267, 
Muskogee, Oklahoma 74401 

58 february 1980 



construction 
I located all the parts beside the lever switches on 

the 015-kHz switch side of the HW-2036. A little 
Super Glue will hold everything in place for wiring. 
The transistor isn't critical; just be sure it can handle 
enough source current for the relay. 

015-kHz - COR bypass. If you live in a signal area 
with very few repeaters that require the 015-kHz 
switch, you.can make it a dual function switch (015- 
kHz - COR bypass). This beats installing another 
switch in the rig and messing up the looks of the 
2036. This addition is useful when the a-mlfm radio 
is broadcasting something you don't want interrupt- 
ed while listening to it. All that's necessary is to 
remove the wire going to SW6 from pin X on the syn- 
thesizer board and reconnect it through an isolation 
diode to the switch as shown i n  fig. 1. 

TRANSMITTER BOARD 

0 U I 
FROM BASE OF 4213 
ON T W  RECEICR 
BOAR0 

SYNTHESIZER BOAR0 

6 V  MINIATURE RELAY 
(RADIO SHUK 275 -004 )  

NORMALLY C L W D  CON- 

SWITCH 
S W 6  IN  HEATH 2 0 3 6  

fig. 1. Circuit for turning off youra-m/fm radio during tram- 
mit-receive medes of the Heath HW-2038 2-meter transceiv- 
er. Circuit features a O/BkHz - COR bypaas arrangement. 

A-m/fm connections. All that's left to do is to con- 
nect a pair of wires to the relay contacts and feed 
them out through the same slot in the back of the 
radio where the power cable comes out. The easiest 
way to connect these wires is to pull the a-mlfm 
radio fuse and connect these wires right at the fuse 
block. Don't forget to install an in-line fuse on one of 
the wires before you turn on the power. 

one last item 
I had been plagued with a birdie problem, and 

while I had the rig apart I decided to go hunting for 
birdies. This critter appeared on 146.85 MHz, 146.52 
MHz, and several other places. My solution was to 
put a mica capacitor across the base-collector junc- 
tion of (2409 on the synthesizer board. The value 
appears to be critical. The best response was obtained 
in my rig by using about 820 pF. 
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BUILDING BLOCKS 

G 
GUNN SOURCE FILTER-MIXER HORN ANTENNA 

FREO. = 10.5 GH. STOP BNO: 16.24 GH. FREO. =8-12 GH. 
POWER OUT: 10 mw nom. INS. LOSS = 2 OR MAX. GAIN - 18 OB. 

BIAS = t 8 V  DC BIAS = 25 p a  nom. VSWR = 1.3: 1 
VSWR: 1.5:l MAX; 

G.S.-I . . .$53.lOea. F.M.-1 . .$44.70ea. .H.A.-I . . .$l5.90 

VIDEO DETECTOR IMPATT SOURCE . PAROB. ANT. 
DET. BNO.= 10.5 GH *25mh FREO: 10.5 - 10.55 GH. FREO.: 10 - 10.6 GH. 
TANG. SENS: -50 OBM MIN. PWR. OUT: 5 0 i 2 0  mw. GAINS: 34 OB 

BIAS = 20 p a  BIAS = 9OV nom. SIZE = 2' d ~ a .  
POLAR: E PLANE 

V.D.-1.. .$39.10ea.. 1.S.-I.. . .$52.10ea. P.A.-1 . . $456.00 

E.B.A. MICROWAVE 
CS-6800 P.O. BOX A123 

COSTA MESA, CA 92627 

Check, Money Order, Visa or Mastercharge Acceptable 

ANTENNAS 

from SCELBI: 
PRACTICAL ANTENNAS! 

Y o u ' v e  never seen an a n t e n n a  book u i t e  like, t h i s :  
H o w  t o  b u l d  p r a c t ~ c a l  beams, 
quads and wire an tennas .  

Computer-generated beam 
headings to every k n o w n  country 
in t h e  world. 
Charts and tables to eliminate 
t r i c k y  calculations. 
Pract ical  ideas fo r  the newcomer. 
Complete bibliography of magazine 
art ic les on an tennas .  

T ips  on h o w  t o  keep your  antenna 
up. A n d  much, much more. 

New format, big diagrams, easy-to-read text. ' 
And it's completely brand new! Durable vinyl 
cover. $9.95. Order now. 

IIIIIIIIIIIIIIIII 

Gremville Ham Radio's Bookstore NH 0 3 0 4 8  
Send Praclrcal  Anfennrs to 

Name 

Streat 

Clty State4 ZIP 

PlewaencloseS9.BS plusSt .00 shipplng or credit card ~nformatlon. 
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plasma-diode experiments 

Plasma diode detector 
using a neon glow lamp - 

today's answer 
to the slotted-line 

standing-wave detector 

The use of  the plasma in glow lamps and specially 
designed discharge tubes for microwave detection is 
not new.1-4 In most cases, means are provided for 
focusing the microwave energy on a selected point 
of the discharge, with the detector output appearing 
as a variable component of the lamp current. 

The plasmas operate at quite high power levels as 
far as biasing is concerned (20 mA and 250 volts). 

This type power supply is out of line for the experi- 
menter working with transistors and ICs. 

The drawback of the conventional kind of plasma 
detector is its high noise. Relying on Maxwell's dis- 
placement current, research workers have, however, 
constructed glow-lamp microwave detectors that are 
free from the annoying lamp-current noise. In certain 
cases they are even more sensitive than the old 
standby, the crystal diode. These new detectors 
operate in the gigahertz region up to 100 GHz (3-mm 
wavelength). 

starvation-current mode 
A recent research and development project at Ser- 

colab revealed that worthwhile detector sensitivity 
can be achieved in a "sta~ation current" glow-lamp 
mode, with the demand on supply power reduced to 
about 0.1 per cent. This kind of operation brings the 
glow-lamp microwave detector within every experi- 
menter's reach, since the entire power supply con- 
sists of a few 9-volt transistor batteries. With capaci- 
tively coupled microwave energy, the glow-lamp 
detector combines an acceptab.le signal-to-noise 
ratio with a broad frequency range, a wide dynamic 
range, and the feature of being almost indestructible 
- something that can't be claimed for its competi- 
tor, the crystal diode. 

By Dr. Harry E. Stockman, Sercolab, P.O. 
Box 78, Arlington, Massachusetts 02174 
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fig. 1. Experimental circuit for evaluating plasma diodes in 
the "starvation-current" mode. LC is the loop antenna; N is 
a neon lamp. Other components are discussed in the text. 

Its characteristic of being able to take a heavy 
overload without showing any defect in operation 
makes the glow lamp a handy microwave detector. 
Furthermore, it's inexpensive. A brand-new neon 
lamp costs only 25 cents. (Radio Shack's NE 2 and 
NE 2H are good examples.) 

Today, triode and tetrode glow lamps, such as the 
TRJ 250, are being used successfully as microwave 
detectors, providing the desired coupling internally.* 
Alternatively, an external capacitor plate can be 
attached to a diode, cemented to the glass envelope. 
In the detector described below, a diode lamp with 
protruding terminal wires is used with an external rf- 
electrode arrangement that forms a loop antenna. A 
dipole antenna with capacitor plates provides an 
alternative. 

test setup 
Fig. 1 shows a simple test rig. In the starvation 

mode, only the tip of the cathode electrode glows. 
The capacitor plates, C, of the loop antenna, L, are 
loosely coupled to the discharge. (We are looking 
into the glow lamp, N, in the plane of the two elec- 
trodes.) Each lamp terminal wire is formed into two 
solenoid turns around any temporary 3-mm (118- 
inch) core, thus providing an rf choke. 

Potentiometer P is a small 25k trimpot. Variable 
resistor R is 250k. The values are not critical. R1 is a 
5k safety resistor. A 741 IC is the detector - output 
amplifier; but two 741s in cascade are better, mean- 
ing that we may use a 1458 IC. 

The output indicators are a scope, an electronic 
voltmeter, and earphones. Eight 9-volt batteries are 

'The TRJ 250 tube and other glow lamps suitable for microwave detection 
are obtainable from General Instrument Signalite Division, 1933 Heck 
Avenue, Neptune, New Jersey 07753. 

used, held together with a rubber band. The lamp- 
supply current amounts to only 0.1 mA, so the life of 
the major part of the battery is almost the shelf life. 

the antenna 
The experimenter can readily make up an assort- 

ment of loop antennas by clipping metal strips from a 
coffee can, or better, from a neatly polished, some- 
what thicker, copper sheet. The width of the strips 
may be 6 mm (1 14 inch). 

The quickest way to obtain a properly tuned sys- 
tem is to try out different-size loops for a given wave- 
length. The inductance can be reduced somewhat by 
flattening the loop. The loop position relative to the 
glow lamp is shown in fig. 1. This is only one of sev- 
eral possible positions. Actually, the best results 
were obtained with the loop folded 90 degrees out of 
the paper (fig. I), so that its axis is parallel with the 
direction of the electrode system. The loop is then 
moved up, down, and lengthwise for optimum coup- 
ling to the plasma. For the loop orientation with 
respect to the transmitter, the rules are about the 
same as for everyday shortwave work. 

test equipment 
and adjustments 

Two low-power laboratory oscillators were avail- 
able for the tests - one 1.2 GHz (25-cm wavelength) 
and a 2.4 GHz (12.5-cm wavelength). Each was 
amplitude modulated with a 1000-Hz tone. 

In adjusting the receiver, the P and R controls are 
set in a combination that does not promote CR relax- 
ation oscillations, which are common in neon-lamp 
hookups. The adjustment of the contiols is such that 
maximum detector audio output is provided. 

Once the proper control setting has been found, 
the detector will remain stable. If, after a long time of 
operation, the lamp goes out, potentiometer P volt- 
age is temporarily increased to make the lamp fire. 
Then it is decreased to its previous value. Most lamps 
fire in the 60-70 volt range. The extinguishing voltage 
is then some 10 volts or less. 

I I rSTANDING WAVES 

fig. 2. Plasma detector of fig. 1 implemented for plotting 
standing waves on a transmission line. Loop must be moved 
along the line at a constant distance from the line for con- 
sistent data. 



Order Your Collins KWM-380 
NOW! 

and receive FREE 
(+  old pricing, deposit only required) 

1) Noise Blanker - $195.00 
2) o r 2  Filters, your choice - $96.00 ea. 
3) or Blower Kit - $195.00 

. 

Get on with the Best! 

@ a onoosoo Electronics supply, Inc. 

1508 McK~nney Houston. Texas 77002 (713) 6580288 
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and CU 1669) - 

4CX150 
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4CX5000 5CX1500 4-125A 4400 304TL 

Other tubes and Klystrons also wanted. 

Highest price paid forthese units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear. GRClO6, ARC105, ARC1 12, ARC1 14, 
ARC115, ARC116, and some aircraft unlts also 
requ~red. 

DCO, INC. 
10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 
806526.1 270 Evenings (201) 998-6475 

uses 
Among practical uses of this detector is the deter- 

mination of the oscillator wavelength. The glow- 
lamp detector is placed at the side of the transmitter 
with just enough coupling for the modulation tone to 
be heard in theearphones. A meter stick is then placed 
vertically on the bench, and a reflector is moved up 
and down along the stick. Readings are taken at 
every sharp null on the meter or in the earphones. A 
suitable reflector may be made from heavy aluminum 
foil cemented to the back of a writing-pad cardboard. 

A bigger reflector is better. One with a quarter- 
meter side is a deluxe article. The average distance 
between the nulls is one-half the wavelength. Really, 
doing it this way we're too close to the transmitter, 
and if the experiment is repeated in the horizontal 
plane, with a larger distance between transmitter and 
receiver, better accuracy results. 

In another experiment, we may rig up a two-wire 
line in air with a wire distance of 13 mm (1  I2  inch), 
using one end for coupling and the other end either 
open or closed. Another arrangement is to put a bit 
of Wdownlead on a wooden table, similarly arranged 
at the ends. 

Fig. 2 shows how the excited end of the line is 
formed into a loop, coupled through the mutual 
impedance, ZM, to the oscillator. With the line 
removed, the transmitter is tuned for minimum direct 
pickup by the receiver. Then, with the line in posi- 
tion, ZM is assigned the compromise value that gives 
a clear standing-wave pattern with only sufficient rf 
power for good deflections on the voltmeter. 

The detector is then moved along the line and the 
readings are tabulated, whereupon the standing- 
wave pattern can be plotted. Loop L must be moved 
at a constant distance from the line. 

The two-wire air line gives sharp nulls, and the 
wavelength obtained agrees quite well with that 
measured in the preceding reflector experiment. The 
TV cable nulls are not equally sharp, and the meas- 
ured wavelength is smaller than the true wavelength 
because the insulation dielectric constant is larger 
than unity. 

references 
1. G. Burroughs and A. Bronwell, "High-Sensitivity Gas Tube Detector," 
Tele-Tech, vol. II, August. 1952, pages 62-63. 
2. N.S. Kopeika and N.H. Farhat, "Video Detection of Millimeter Waves 
with Glow-Discharge Tubes," IEEE Transections on Electron Devices, vol. 
ED-22, No. 8. August, 1975. pages 534-548. 
3. N.S. Kopeika et al, "Commercial Glow-Discharge Tubes as Detectors of 
X-Band Radiation." IEEE Transactions on Microwave Theory and Technol- 
ogy, vol. MTT-23. October, 1975, pages843-846. 
4. N.S. Kopeika, "A New Type of 10-GHz Receiver," 73, September, 
1978, pages 222-223. 
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MORSE PAKcA t ~ ~ ~ ~ ~ : " ~  

1 all the features at the least cost n* I 
Auto speed acquisition 
16 character readout- 

crawling display 
Speed range 5-75 WPM 
Auto word space 
Plugs into RCVR 

earphone jack 
Industry's most 

sophisticated Morse 
demodulator with AGC 0 

Attractive, professional 
enclosure LOCK 

LED lock light • 
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N M  residents add 4 % sales tax. 
We accept Visa, Master Cards I 

r 

Call or Write for Delivery or Quote 

KENWOOD TS120S 
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ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON, TEXAS 77002 
71 31658-0268 

LEAVE A MESSAGE & WE'LL CALL YOU BACK! 

TALK BIG 
Get up to 6dB gain to your 

antenna and improve voice quality 
with the AEA MAGICOM low cost, high 

quality, RF speech processor. 
KEN WOOD TS-8201820s $27.50 
KEN WOOD TS-5201520s $42.50 
KENWOOD TS-120 $42.50 
DRAKE T-4XC $52.50 
DRAKE TR-7 $42.50 

Easy to install - No front 
panel or permanent modifications - 

Fully illustrated instructions 

For more details, or to place order, con- 
tact Advanced Electronic A~~l ica t ions ,  . . 
P..O. BOX 2 1 60, 
Lynnwood, 
Washington, 
98036. 
Telephone 
206/775-7373 
Add $2.00 for 
shipping and AEA Brings YOU the 
handling- breakthrough! 

More Details? CHECK -OFF Page 94 february 1980 65 



90mdegree 
phase-shift network 

offers 2:1 bandwidth 

Differential 90-degree 
phase-shift network 

built with 
coaxial line sections 

provides wide 
operating bandwidth 

This brief note describes an easy-to-build network 
capable of providing 90-degree differential phase 
shift between two outputs. Over a 2:1 bandwidth the 
VSWR maximum is less than 1.2:1 and the deviation 
from quadrature phase is +2  degrees. This network 
should find application in antenna feed configura- 
tions and other instances where extremely broad- 
band differential phase shift is not required. 

network description 
The phase-shift network is XI2 long at band center 

and is shunted at midpoint with an XI8 shorted stub 
and an XI8 open stub. For a 50-ohm system the char- 
acteristic impedance of the XI2 line and both stubs is 

31 ohms. A sketch of the circuit is shown in fig. 1. 
For clarity, balanced transmission is shown although 
actual realization most likely will be coaxial line. The 
other half of the differential phase shift network is 
314 X length of %-ohm transmission line. The com- 
plete network is shown in fig. 2. 

The network in fig. 1 has a dispersive phase char- 
acteristic, which means that the phase shift through 
the network does not vary linearly with frequency. 
An equivalent circuit of a dispersive network is 
shown in fig. 3. The phase through the network is 
retarded below band center and is advanced above 1 band center. At band center the parallel circuit is 
resonant and has no effect. In this manner, a con- 
stant 90-degree phase differential is maintained 
between the dispersive network and the 314 X trans- 
mission line for an octave bandwidth. Optimum 
impedance match for the network is achieved by 
using 31-ohm impedance line. 

Transmission line of 31-ohm impedance is not 
available unless specially made; however, a 30-ohm 
line can be realized by paralleling lengths of 50- and 
75-ohm line. Fig. 4 suggests one method you may 
use to build the circuit. Fig. 5 is a computed plot of 
VSWR versus frequency for the dispersive network 
made from 30-ohm transmission line. 

conclusions 
This note describes a simple 90-degree phase-shift 

network, which is easy to build from readily available 
materials and adequate for 2:1 bandwidths. In 
instances where only 2:1 bandwidths are required in 

By R.B. Wilds, KGZV, 14633 Ambric Knolls 
Road, Saratoga, California 95070 
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fig. 1. Phase-shift section. 

fig. 2. Complete phase-shift network. 
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fig. 3. Equivalent circuit of phase-shift network. 

fig. 4. Construction details for phase-shift section. 

fig. 5. VSWR of dispersive phase-shift section. 
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the rf range, this network is simpler than lattice net- 
works, which require baluns for use with coaxial line. 
Other transmission-line-type phase shifters, such as 
those described by Schiffman,' require coupled 
stripline or coaxial line sections and are applicable 
primarily for microwave frequencies. 
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1.  B.M. Schiffrnan, "A New Class of Broad-Band Microwave 90 degree 
Phase Shifers," Transactions IEEE MTT, April, 1958, pages 232-237. 
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CRYSTALS & KITSIOSCILLATORS RF MIXERS RF AMPLIFIER POWER AMPLIFIER 

Crystal controlled transistor . 3  to 20 MHz, OX-Lo, Cat. No. 
0351 00.20 10 60 MHz. O X - E a t .  NO. 035101. 
Speo'fy when ordering. $5.74 ea. 

MXX-1 TRANSISTOR RF MIXER 

Specify when ordering. 

OF-1 OSCILLATOR 
Resistorlcapacitor circuit provides osc over a range of freq with 
the desired c stal 2 to 22 MHz, OF-1 LO. Cat. No. 03t108.18 
to 60 M H ~ .  OF-1 H cat. NO. 035109. 
Specily when ordering. $4.93 ea. 

PAX-1 TRANSISTOR RF POWER AMP 
A sin le tuned output amplifier desi ned to follow the OX 
osctator. Outputs up to 200 mw, %epending on frequency 

Speopecr~ when ordenng. 

A small signal amplifier to drive the MXX-1 Mixer. Single tuned 
input and link output 3 to 20 MHz, Lo Kit, Cat. No. 03512.20 to 

170 MHz. Hi Kit. Cat. No. 035103. 
$6.38 ea. 

BAX-1 BROADBAND AMP 
General purpose amplifier which may be used as a tuned or 

untuned unit in RF and audio applications. 20 HZ to 150 MHz 
with 6 to 30 db gain. Cat. No. 035107. 

Spec* when order~ng. $6.67 ea. 

.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS IHC 6/U Holder) 

~&fications ' 

031 080 '3 to 20 MHz - For use in OX OSC Lo $6.88 ea. 
031 081 '20 to 60 MHz - For use In OX OSC Hi $6.88 ea. 

*3 to 20 MHz - For use !n OF-1 L OSC $5.74 ea. 
031 31 0 '20 to 60 MHz - For use In OF-1 H OSC $5.74 ea. 

Shlppng and postage (I- U S . Canada and Mexm on@) mll 
be prepad by lntematlonal P m  quoted lor U S Canada and 
Mexm orders only Orders lor shtpment to 0th- countries vnll be 
uoled on request Address orders to M S Dept P 0 Box 34297 8 klahoma C~ty Oklahoma 73132 

INTERNATIONAL CRYSTAL MFG. CO.. INC. 
10 Noflh Lee Oklahoma City Okla 73102 

All the popular sizes and mixes. 
Fast Service. Same day shipment 
via first class mail or air. 

\/ No minimum order. 

I R O N  P O W D E R  T O R O I D S :  

$2.00 DOZEN 

TO ORDER: Specify both core size 
and mix for toroids. Packing and 
shipping 50 cents per order USA and 
Canada. Californians add 6% sales 
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. . . Your One Source For Amateur Radio Gear 

A11 Solid-State 100 Watts Output Built-in AC/DC 
Fully Synthesized No Bandswitching Frequency Memory 
Microprocessor Frequency Control Rate Selectable Tuning 
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BARRY ELECTRONICS 

a You can send broadcast quality video of home movies, video 
tapes, computer games. etc, at a cost that is less than slorcan. 
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ALL IN ONE BOX 
TC-1 TransminwlConv 
Plug in  camera, ant. mic and you are 
on the air . . . . . . . . . . $399 ppd 

80 METER DXING. 
by John Devoldere, ON4UN 

Going lor 5 Band DXCC or lust lwk~ng lor a new OX cha:;enge? Thls is pos- 
itlvely the last word on working 80 meter OX. The author combines his 
many years of 80 meter operat~ng experience with that ofothers to produce 

HITACHI H V 6 2  T V  CAMERA chapters on propagallon, antenna systems. station equtpment and Inter- 
High performance closed circuit nat~onal operattng practices pecul~ar to 80 -all In a handy scrapbook tor. 
camera just right for atv. with lens mat What are the best tlmes to be on? What's the best antenna? You'll 
. . . . . . . . . . . . . . . . $239 ppd flnd answers to these and many more 80 meter quesllons 80 pages. 

PUT YOUR OWN SYSTEM TOGETHER Softbound $4.50 

TVC-18 CONVERTER tunes 420 
THE CHALLENGE OF 160! 

mhz down to  ch 2 or 3 .  .$49.50 ppd 
The unlque operat~ng and propagation characteristics in the 160 meter 

TXA5 EXCITER . . . . . . $69 ppd band are exam~ned plus details on constructing simple equipment: anten- 
nas, transmltt~ng and recetvlng gear. 54 pages t!1977. 

FMA5 Audio Subcarrier . $24.50 ppd Softbound $4.95 

SEND FOR OUR CATALOG, WE HAVE I T  ALL 
Modules for the builder, complete units for the operator,antennas, 
color cameras, repeaters; preamps, linears, video ider and clock, 
and more. 19 years in ATV. 

CALL TODAY 1 (800) 258-5353 

Ham Radio's Bookstore 
Greenville, N H  03048 

Please add $1 for shipping. 
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r 
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31. 6 49 meters  A n  
lnexpenslve horizon- 
tab d lpo le  w ~ t h  8 pre- 
tuned weatherproof 
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1009 Garfield St., Oak Park, llllnolr 60304 
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(Continental U.S.A.) 
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COVERAGE 
FROM 1.6 lo 31 

MHz. ALL 
DIGITAL PIUS 

OUR BEST-SELLING MULTI-BAND! 

M u l l ~ . b a n d  M u l t ~ ~ l r e q u e n c y  @fop 'Rl@l M a x ~ m u m  eltstency - no traps l o a d n q  c o ~ l s  or s l ubs  
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40-10HDIA 40120115110 Mtrs (36). . . . . . $73.75 
75/40 Meter 80-40HDIA 80140 Mtr bands (69). . . . . . .77.25 

75140HDIA 75140 Mtr bands (66). . . . . . .73.75 
75.10HDlA 75140120115110 Mtr (66) . . . . .89.95 

RF-4WO DIGITAL AMIFM SW coverage trom I 6 lo  31 MHz . Full dlgllal readoul on all bands 5 dlgll lluorescent 
readout . Premlx double superheterodyne Fastislow tun 
tng . AFC on FM Narrow wlde seiecltv~ly swllch lor 
AMISW . BPO Pllch control Calibral8on conlrol ANL 
swllch lor AM FET RF c8rcull . RF Gal" conlrol . Inc 

2 METER ANTENNAS at 
BARGAIN PRICES! ! 

3 db GAlN 
MAGNETIC MOUNT 

NEW! o N o  

Modal 207 
Wt. 2.5 Ibs. 

$1 9.u 
An economical alternative to drilling a hole. 
A magnetic antenna by a name you can 
trust at a low, low price. 

Modd 286 Same but trunk lid. . . . . . (15.95 

ants lor FM (L SW and more 

L o w  Pr ice 

80-IOHDIA 8014012011 511 O M tr (69) . . . . .94.95 NEW from FIUCO 
2.8 dbd GAlN 

PANASONIC "COMMAND" SERIES BASE ANTENNA 

RF-2200 
RF.2200 8 BAWD AMIFM. 
SW lreqs trom 3 9  l o  28 
MHz Double super het 
erodyne Prec~se call 

EA'bYe!:h"a I:," ",":,her Modal A24P 
at 500 kHz and 125 kHz Wt. 2 lbr. 

nlcerl one we've seen yet. RF galn control tor AMISW 
BFO swbtch tor SSB (L SW 
Plus many more teatures 
such as ext lacks lor AC 
an1 (L spkr Blp rad~o 
features at low p rce  

Plu* $2 5 0  Shaep~no 

RF 2900 
RF 2900 DIGITAL AMIFM 

SW from 3 2 to 30 MHz 
5 d!glt LED d~splay 

reads all bands Double 
superheterodyne I'Lclr 
cultry FM AFC (L wtdel 
narrow bandwldlh conlrol 

FastlSlow luntng 
Built on AM ant Tele 
scopln whlp tor AWSW 

OF8 pitch controi tor 
SSBICW And nluch 
much more tor Ine price 

PIY. $2 .50  ShlPPlnD Modern technology lets you mount a mobile 
antenna riaht on the window. Ideal for 

MODEL PLF-2 Improves weak stgnats as well as Image 
and spurlous releclton o l  most receivers Dlrecl swtlchtng 
10 rec or preamp Includes pwr supp 117 VAC wired (L 
tested ppd 549.95 

tough lnsta?lations. 3 models available 

AHlS1.3Q 144-174 MHz, 3 db gn.. . . S33.95 
AH220.3Q 220 MHz, 3 db gn.. . . . . . . .33.95 
AH450.5G 406-512 MHz, 5 db gn.. . . .36.95 

Equipment 
Catalog I 
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2 Meter 
Portable 

G.E. MASTR PR 36 
132-1 50 MHz - 5 Watts 
ALL SOLID STATE 
with Ni-Cad Battery 

New Low Price 

Vehicular Charger 4EP63A (sold only wi th unit) $25. 

Telemetry Communicat~ons 6 Instrumantation. Corp. 

Our all.new TVRO Salelllte Recelver Look lor 
our ad In March a 
For FREE ~nlorrnal~or~ & data sheet. call or 
wrlle 
TCI Corp. 411 td Buchanan C ~ r c t e  (l3 

Pacheco CA 94553 
(4151 676 6102 

HR-LB Ht,fr. 5 Ill? lcicl 11ook I':.~.I\ 

nnt. 15 I,!~~IIII; ,tl1n111 I h ~ \  nw, o l : ~ ~ '  I 

Send check, mone order or credit 7 card information p us $1.00 shipping to: 1 Ham Radio's Bookstore 
Greenville, NH 03048 

MILITARY SURPLUS 
WANTED 

H ~ q h r s l  prlrr, . > v i  I on recent U ' J  M ~ l ~ l a r y  sur 
plus csprclallv on C(>ll111\ r ~ q ~ ~ ~ p n ~ ~ ~ f i l  or parts We 
pay f r~cqh l  CdII collprt lor h ~ q h  oflfv (201) 440 
8787 35 Rula Court S Hackensack N J 07606 

SPACE ELECTRONICS CO. 
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SAVE ON ALL 

TRANSVERTERS & AMPS 
M & M has  t h e  i tems l ~ s t e d  be low for  immed ia te  del ivery. Ca l l  for  q u o t e  n o w  be fo re  
pr ices go u p  at t h e  f irst o f  t h e  year. 

TRANSVERTERS POWER AMPLIFIERS 
23 cm 2W out 28 MHz ~n 23 cm 50W output AC Supply 

. . . . . . . . . . . . . . . . . . . . . .  SOTA . . . . . . . . . . . . . . . . . . . . . . .  $499.95 SOTA $699.95 
23 cm 2W out 144 MHz in 70 cm 50W output AC Supply 

....................... SOTA ....................... $499.95 SOTA $499.95 
70 cm 15 W out 28 MHz in 70 cm 50W out 12.5 V (MML 432/50) 

....................... SOTA ....................... 5424.95 MMW 5369.95 

CONVERTERS 220 8 144 MHz power amps also 
................ LUNAR Call lor quote 

23cm 28 MHz IF 3 d B  NF 
SOTA . . . . . . . . . . . . . . . . . . . . . .  $149.95 ANTENNAE 
23 cm 144 MHz IF 3 dB NF 

........................... ....................... m\ 23 cm 28 el Loop Yagi 
SOTA $149.95 SI $59.95 
70 cm 28 MHz IF 2 dB NF 70 cm 19 el Yagi 

.......................... SOT* . . . . . . . . . . . . . . . . . . . . . . .  $124.95 RIW $59.95 
70 cm OSCARBOX 'J' 1.3 rn 11 el Yagi (220 & 223 models) 

......................... LUNAR . . . . . . . . . . . . . . . . . . . . . .  $124.95 NMT $54.95 
2 m 11 el Yagi (144 8 146 models) 

Year end close out NMT . . . . . . . . . . . . . . . . . . . . . . . . .  $59.95 

KR-500 elevation rotors 
$150.00 

M&M RF P.0.  Box 82183 DISTRIBUTORS San D~ego.  C A  92138 

2785 Kurlz St. Suite 4 San D~ego CA 92110 
Call (714) 299-9741 

I 



DAlWA NOW These ,,,OR,, 0, 

Communications Essentials 
SWR & Power Meters 
Models CN.720, CN-620 and CN-630 
S ~ ~ r i u l t a n e o u s  d ~ r e c l  r e a d ~ ~ i g  S W R .  
F o r w a r d  Power  and Re l lec ted  Power .  
To le rance  all uni ts  4 10O/0 full scale 
Connec to rs .  SO239 
CN.720 and CN.620 
F r e q u e n c y  Range 1 8-150 MHz 
S W R  Detect~on S e n s ~ t ~ v ~ t y  5 Watts mln 
Power .  3 R a n g e s  (Forward .  20120011000 Watts)  

(Ref lected.  41401200 Watts)  

I f l  /' N ~ ~ - 6 3 0  
F r e q u e n c y  Range 140-450 MHz 
Power  2 R a n g e s  ( F o r w a r d  201200 Watts)  

(Ref lected 4140 Watts)  

RF Speech Processor ' 
Models RF-440 & RF-660 ,,,, 
Increases  talk p o w e r  with splat ler  f ree  

..- - 

operal lon.  RF cl~pp~ng assures  low distor t ior l  
S i m p l y  install between microphone and 
transmitter. 
Talk P o w p r  Bet ter  t h a n  6 dB 
F r e q u e n c y  R e s p o n s e  300-3000 Hz at 1 2  dB down 
D ~ s l o r l ~ o n  Less t h a n  3% at 1 kHz .  20 dB cllpplng 
P o w e r  R e q u ~ r e m e n t  RF-440 self c o n t a ~ n e d  
AC p o w e r  supply. RF860 13 5V DC ex te rna l  supply 

Coaxial Switches 
2 P o s ~ l ~ o r ~ l M c d ~ l  CS2O1 
4 Pos~t~onlModel C S 4 0 1  

Pro fess~ona l l y  e n g ~ n e e r e d  c a v ~ t y  c o n s t r u c t ~ o n  

--- P o w e r  R a t ~ n g  2 5 kW PEP 1 kW CW 
Impedance 50 Ohms 
C o n n e c t o r s  SO239 
l n s e r l ~ o n  Loss Less t h a n  2 dB 

CN.630 "m I S @ M a x ~ m u m  F r e q u e n c y  500 MHz 

lsolat~on Bet te r  than 50 dB at 300 MHz 
bet te r  t h a n  4 5  dB a t  4 5 0  MHz 
ad jacen t  t e r m ~ n a l  

Available from these authorized distributors.. . Unused Ter rn~na ls  g r o u n d e d  

ARIZONA 
Kry~ter Eleclronlcs 
Phornlx (602) 249-3739 
CALIFORNIA 
Ham Radlo Oullel 
Arlalle!n! (7141 761-3033 
Hcnry Rad~oCompany 
Anallelm (7141 772-9200 
Ham Rad~oOullel 
Burlingame (415) 342-5757 
Henry Rad~oCornpany 
Los Angeles 1213) 4 176701 
Tower kleclfonics 
Misslon vtelo(714) 768-8900 
U-do Eleclronlcs 
Mounlatn Vlew (4151 968-8894 
Zak~llSacramenlO 
Sacramenlo(9161446-3131 
Ham Radlo Oullel 
Sari D~ego 1714) 560-4900 
Omega Rad~o R Eleclronlcs 
San O1ego(714) 578-3324 
Weslern Radio 
San 01eg0(714)2390361 
Ouemenl Eleclronlcs Inc 
San Jose (408) 998-5900 

Wescorn Eng~neerlng 
SanMarcoS(714) 744-0700 

H E M E C  
Sanla Barbara (805)963-3765 
Ham Rad~oOullel 
Van Nuys 1211)988-2212 
COLORADO 
CW Electrorl~cs 
Denver (3031 893-5525 
CONNECTICUT 
Tliomas Conlniunlcallons 
Nrwdnglon (203) 667.081 1 
DELAWARE 
D~laware Arnaleur Supply 
New Cilslle t:i021328.7728 
Amaleur &Advanced COrnmunlC 
Wjlmmqlon (:102) 478-2757 

FLORIDA 
Hlaieah Communlcallons 
Hialeah (305) 887.5'336 
Ouad Eleclronlcs 
Pr'nsacola (9141 4383319 

GEORGIA 
A, k Radio Supply 
A l l ~ n l ~ r  141141 .irll-6340 
HAWAII 
Ht,r8<,liilu Elrr:lronlcs 
H<,rlololu IHOtiI 919.55611 

IDAHO 

ILLINOIS 
Er~ck~onCommuntcal~ons 
Ch1caqol312)631-5181 

Tr~.Slale Eleclronlcs Corp 
Mounl Prospf~cl(319l255~06013 
Speclronlcs. Inc 
Oak Park(D12)84H-6778 

INDIANA 
The Ham Shack 
Evansville (812) 422-0231 

Calumet Electionlcs 
Gary 1219) 887-4961 
Graham Elecllonlcs 
lndlanapolls 1317) 634-8202 

IOWA 
 MI^-s~a~e D~slrlbullnq 
Oes Momes(515) 244-7231 

KANSAS 
Assoctaled Radio Communlcallon~ 
Overland Park (913) 381 5000 

Eleclronlcs. InC 
Sallna 1913) TA 7-7377 

Rad~o Supply 
Salina (9131 823-6353 
Amaleur Rad~o Supply 
W~ctiIla (316)264-9166 

MARYLAND 
Comm Cenler 
Laurel (301) 7920600 

MASSACHUSETTS 
YOU-do-tl Eleclronlcs 
Needham I61 7) 449-1005 
Tutls Radio8 Eleclron~cs 
Medlord (61 7) 395-8280 
MICHIGAN 
Purchase Radlo Supply 
Ann Arbor (3131 NO R-8696 
Radio Supply R Englneerlna 
Delro~l (313) 43S.SGfill 

allons Radlo Parls. Inc 
Grand Rapids I6161 459-0241 
MINNESOTA 
Nollllwesl Radlo 
D~ilul l l  (218) 127-1565 

MISSOURI 
H,lri~ Radio Center 
St Louis 13141993-6M1, 

NEVADA 
Cnnirnunicallon5 CPnler Wrcl 
Las Vrqas (107I 64 7-11 1.1 

NEW JERSEY 
C H Elecl!orlics O~slr~hirllrlo 
Cllllon (;'01) 078.t170U 
Ro~11r EIPCIIOIIIC~ 4h 
Totowa (2011 256-8s55 

NEW YORK 
Gcneser Radio 8 Perls 
Rulfalo17li~l ti71.9Ghl 
Harr~son RadloCorp 
Farmirrgdale 1516)203-7I190 
B C Commun~cdllons Inr: 
Hunllnqlon Slal1Oli~5l6~ 54(1-H833 
Barry Elecllon~cs 
New York 12121 WA 5.7000 
Harvey Radio 
Nrw York (212) 575-5200 
S 8 S Accessories 8 Parls 
NPW Yolk (2121 354-5Rt19 
T R M Eleclron~c Supnlv 
Palchoque (5161 289-:,'120 
Radlo World 
Or(skan.8 (315) 337-2fi22 
Harrtson RadloColp 
Valley Slream 1516) 872-9565 
OHIO 
Un~versal Amaleur Radlo 
Rcynoldsburg 1614)861j-4267 

OKLAHOMA 
Radto Inc 
Tulsa (918) 587-9123 
Kryder Eleclronlcs 
Oklahoma Clly (405) 789-1951 
OREGON 
Pollland Radlo Supplv 
Porlland (503) 228-8647 
Porlland Rad~o Supply 
Mrdlold (503) 773 5815 

PENNSYLVANIA 
Trevose Hamlronlcs 
Trevo<e12151 351-141Jfl 
"Ham ' Buergei. Inc 
W!llow Grove (2151 659-5900 

TENNESSEE 

Grrmanlown Anialeul Supply 
Memptus (9011 052-4276 

TEXAS 
Wl~olf,salr t lecllonlr5 Stlpply 
ALC,I~!I ('>I71 4 /8.!J'>I~ti 
Douqlas Eleclron~cs 
Corpus Chrlsll(S121 A83.5101 
AGL Eleclrorl~cs 
Dallasl2141699-1081 

Amaleur 8Commerc1al Eleclronlcs 
Forl Worlh (817) 292-3371 
Hardln Elcclronic!, 
Fofl Worlh 181 71 479-0761 
Eleclrol~x 
~ o u s t o ~ i  17101 576-3056 
Madrson Elrclron~c D i~ I r~ t1~ to r5  
Houston 171:O 65f3.0;!6H 
Space Radio Supply 
Houslon (113) GHH-,1594 
Appl~ancr g Equ~pm~n l  Conlpany 
San Anlon10(5121 73.4.03'34 

UTAH 
Ballaid Supply 
Salt LakcClty (Roll 912-24RC 
VIRGINIA 
EER 
Vtenna (7031 938-3350 
WASHINGTON 
ABC, Conlmurlicallons 
Sralllt. (206) 364-8 100 
Amaleur Radlo SuPPlv 
S~a l l l e  (206) IG7-3:):Z 

Consumer Commun~callons 
Seallle (206) 784-7317 

WISCONSIN 
Amateur t lrclronlc Supply 
M1lwaukee~4141442-4L'00 

CANADA 
Ham Radlo Allantlc 
SI John. N 8 (506)652-5753 
ComrnlPlus 
St-Laurenl. Ouebec (514) 337-7255 

Exclusive USA agent for these units; inquiries invited. 
W r ~ t e  for I~ te ra tu re .  

J. W. Miller Division 
BELL INDUSTRIES 
19070 REYES AVE . PO BOX 5825 
COMPTON CALIFORNIA 90224 
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comments 
(Continued from page 61 

U4) to the top end of diode CR5 near 
the lower right hand corner of U13. 
Reconnect the clock control lead to 
either end of this new jumper. Finally, 
cut away a short segment of the foil 
to open the path between U13 pin 10 
and CR5. 

The effect of these changes is to 
delaj; the buildup at U13B pin 10 of 
the high on the clock control line until 
U3B has time to take U13B pin 9 low. 
The resistor and capacitor values are 
not too critical, and if this doesn't 
cure the click completely, try a slight- 
ly higher resistor value (up to about 
270 ohms). 

Robert C. Cheek, W3VT 
Tokyo, Japan 

split- band 
speech processing 

Dear HR: 
This note is prompted by Wes 

Stewart's article in ham radio for 
September, 1979, which I liked very 
much for his understanding of the 
subject and the unmasking of some 
of its secrets. However, there are a 
couple of points which can stand clar- 
ification; they have been alluded to in 
the original article describing the 
process (Fisk, ham radio June, 1976) 
but not discussed in detail. 

The f i r s t  th ing  I not iced i n  
Stewart's design is the measured dis- 
tortion, which is about twice as high 
as that of the Vomax unit by Max- 
imilian Associates. The detrimental 

effect of distortion on the processing 
gain has received considerable atten- 
tion in both my own (ham radio 
February, 1971 and Fisk's article; 
Stewart's design will probably show 2 
dB less talk power gain than the com- 
mercial device, for which 10 dB is 
claimed. Explanations of the causes 
of distortion are a little tedious, but 
not really difficult. 

Stewart's band splitting filters have 
a Q of 1.84; in contrast, the Vomax 
design value is 2.5, with the same 
passband ripple and slight reduction 
in overall bandwidth. I shall try to 
demonstrate the importance of the 
higher Q value. For a hard-clipped 
signal near the center of a band, the 
third harmonic distortion in that band 
due to finite filtering is 5 per cent for 
Vomax, 7 per cent for Stewart's 
design. The difference is not very sig- 
nificant. For frequencies above the 
filter peak, the numbers are essential- 
ly the same. 

Unfortunately, the situation is very 
much worse for signals below the 
peak frequency of a particular band. 
lmagine a signal near the peak of one 
band, but below the peak of the next 
higher band by a factor of 1.73 (m 
If this signal is distorted (clipped), 
there will be no filtering as the third 
harmonic falls above the band peak 
by the same factor. If there is to be 
no distortion, then the maximum clip- 
ping must be held to whatever re- 
sponse is provided by a tuned circuit 
which is off-resonance by a factor of 
1.73; this is 9.5 dB and 6.8 dB respec- 
tively for the Vomax and Stewart de- 
signs. Fortunately, this signal compo- 
nent amplitude is down by the same 
amount when combined with the 
lower band output, so that some dis- 
tortion, i.e., clipping, is permissible. 

For a total distortion limit of 10 per 
cent, this number is 2.5 dB, giving a 
total of 12 dB for Vomax and prob- 
ably about 1 dB for a total of 8 dB for 
Stewart's circuit. Conversely, for the 
same amount of clipping, the lower Q 
design will produce higher distortion, 
approximately proportional to the 

square of the Q ratio. Obviously the 
higher the 4, the lower the distortion; 
this can be obtained within our de- 
sign restraints, however, only by a 
smaller total bandwidth, higher pass- 
band ripple, or both. This distortion 
of signals below the peak frequency 
of a band increases rapidly with am- 
plitude above a specific level, so that 
an effective agc of the preamplifier is 
an absolute necessity. For the perfec- 
tionist, I would suggest a design in- 
corporating six or more bands permit- 
ting the use of higher Q filters for 
reduced distortion. 

If I have one criticism of Stewart's 
article, it is his lack of concern for the 
input amplifier. The low-cost SL1626 
IC is a loose-tolerance device with 
output level variations between 
samples of more than 8 dB. This ne- 
cessitates individual calibration of the 
clipping level control for each assem- 
bly. Even worse is the effect of its 
output distortion, stated as 2 per cent 
typical with no maximum specified, 
on the performance of the processor. 

Any distortion produced ahead of 
the processing circuitry will be magni- 
fied; i.e., the processor acts as a dis- 
tortion enhancer. Imagine a signal 
near the center of the lowest band; if 
it contains second and third harmonic 
distortion, these individual compo- 
nents will appear near the centers or 
peaks of the second and third bands. 
With 14 dB clipping in the lowest 
band, the distortion components will 
be amplified by the same amount, or 
five times! Therefore, 2 per cent dis- 
tortion in the input amplifier will show 
up as 10 per cent added to the proc- 
essing distortion in the output com- 
biner. While developing the final 
design for the Vomax unit, I investi- 
gated a number of available inte- 
grated circuits for use as input ampli- 
fiers with agc. I was unable to find 
one with acceptably low distortion 
(0.5 per cent), so resorted to the cir- 
cuit implementation with discreet 
components. 

To summarize, split-band process- 
ing, while an acknowledged valuable 



and effective technique, poses a 
number of design problems, which 
require careful attention to detail. 

Walter Schreuer 
Maxirnilian Associates 

Swampscott, Massachusetts 

I have studied Mr. Schreuer's com- 
ments, and with the exception of a 
couple of minor points, I find myself 
in agreement with them. Our major 
difference seems to be our different 
design goals. Mr. Schreuer's goal 
was a high quality, high performance, 
high cost commercial product; my 
goal was the design of a unit possess- 
ing similar characteristics that could 
be built by the average ham who 
could not or would not spend nearly 
$2Ml for the Vomax. 

As mentioned in the opening para- 
graph of my article, the price paid for 
increased performance is increased 
complexity and cost. Even Mr. 
Schreuer agrees that to approach 
perfection the design would require 
six or more bands. Obviously, we 
must stop somewhere. Mr. Schreuer 
and I seem to disagree only on where 
to stop. 

Higher Q filters can offer lower dis- 
tortion; however, I feel that higher 
precision components should then be 
used in the active filters and summing 
amplifier. While I personally have 
access to precision parts, I felt the 
average home builder would have 
trouble finding them and designed 
accordingly. Complete design data 
was given in the text and appendices 
for those wishing to try design im- 
provements and the experimenter is 
encouraged to do so. 

I must add that Mr. Schreuer took 
the liberty of comparing the results of 
using higher Q using my center fre- 
quencies. If we compare results using 
a Q of 2.5 and the center frequencies 
used in the Vomax, the off-resonance 
attenuation computes to - 8.4 dB, 
not the - 9.5 dB claimed by Mr. 
Schreuer; a small point to be sure but 
perhaps worth mentioning. 

Regarding the SL 7626, the toler- 

ance on output level is only 6 dB, not 
the over8dB claimed b y Mr. Schreuer. 
Except in a production environment, 
this is not a big problem. Mr. 
Schreuer raises a good point regard- 
ing the distortion characteristics. Per- 
haps he could share his expert knowl- 
edge in this area with those who wish 
to go to the increased complexity of 
the discreet circuit. 

In summary, I feel the design I pre- 
sented in the September issue fills a 
need for an easily reproduced, inex- 
pensive speech processor that 
delivers more performance enhance- 
ment for dollars spent than any- 
thing other than perhaps antenna 
impro vemen ts. 

Wes Stewart, N7WS 
Tucson, Arizona 

talking clock 

Dear HR: 
The diagram of the Talking Clock 

addition in October, 1979, ham radio 
has an error: the leads connecting to 
pins 10 and 11 of the 74157 should be 
interchanged. 

The Talking Readout described in 
the June, 1979, issue was described 
as it was interfaced to the Spectron- 
ics DD-1, which I understand is no 
longer in production. However, I 
have successfully interfaced the unit 
with the Kenwood DG-1, intended for 
use with the Kenwood 520s. Since 
the article was published, the multi- 
plexer portion of the circuit has been 
made available on a separate board, 

which can be inserted into the DG-1, 
reducing the interconnection to 
about nine leads rather than thirty, as 
multiplexing is done in situ. The BCD 
data is accessed as it enters the six 
7454s. Since this is latched or stored 
data, no gating is required, so pin 4 of 
the 7454 of the talking digital readout 
control board may be tied to + 5  
volts. 

Similarly, the Yaesu ZD-1 external 
readout for the FT101-Z should be 
readily interfaced; BCD data for each 
digit exist at pins 5, 10, 2, 12, of the 
six 74LS196s. Gating should be re- 
quired but is available at Q01, which 
drives the LED cathodes. 

Interfacing to other transceivers 
may be complicated by the increasing 
use of seven-segment counter out- 
puts from counters. When I have lo- 
cated a suitable seven-segment to 
BCD decoder, such as the 74C915, a 
redesign will be undertaken. 

I would be happy to answer any 
correspondence regarding either arti- 
cle from readers who include an 
SASE. Inquiries related to other trans- 
ceivers should include a detailed dia- 
gram of the digital readout portion. 

Ray Brandt, N9KV 
Janesville, Wisconsin 

Dear HR: 
I would like to express my appreci- 

ation for your series of articles on 
"Digital Techniques"; it expanded 
my knowledge of digital devices con- 
siderably. I hope that this series is 
continued, and I would like to see 
these articles expanded into the more 
complex integrated circuits used in 
microprocessors. Understanding the 
MCS6522 and MCS6530 would be 
typical. 

I subscribe to ham radio not for the 
straight Amateur Radio articles but 
for articles on things like the phase- 
lock loop, power supplies, counters, 
operational amplifiers, and other 
technical subjects. 

Keep up the good work. 
Norbert K. Fox 

Guttenberg, Iowa 
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th!! 
ntirnate 
AMBIC 

Full range of adjustment in 
tension and contact spacing. 
Self-adjusting nylon and steel 
needle bearings. 
Solid silver contact points. 
Polished lucite paddles. 
Precision-machined, chrome 
olated brass frames. 
Standard model has black, 
textured finish base; deluxe 
model is chrome plated. 
Heavy steel base; non-skid feet. 

WRITE FOR LITERATURE Available at selected dealers or 
send $39.95 ($49.95 for chrome 

B e n c H e 1 , i n c model) PIUS $2.00 shipping and 
handling. Overseas amateurs 

333 W. Lake Street, Dept. A invited to request quotation for air 
Chicago, Illinois 60606 (312) 263-1808 parcel post sh~pment. 

* TELESCOPING (CRANK UP) 
*GUYED (STACK-UP) 
Sr TILT-OVER MODELS 
Easy to  install. Low Prices. 

Crank-ups to 100 11. 

Fow Sutlon 50 FL 
Van Mountad Crank-Up 

Alum. Towr 

- 
NEW! $sotron Antennas 

THE ULTIMATE SPACESAVER 
80 Meters or 40 Meters 
4'/2 ft. Length 3f t .  
8 lbs. Weight 4 ~bs.  
110 kHz B.W. 250 kHz 
50R coax Feed 50R coax 
54.95 Price 44.95 

Needs no radials or matching de- 
vices! B.W. is within 2:l S.W.R. Excel- 
lent for all amateur uses. Call or write: 

BlLAL COMPANY 
Star Route 

Florissant, Colo. 80816 
Phone: (303) 687-3219 

F.E.T. included 

I COPY SATELLITE PHOTOS. 
WEATHER MAPS, PRESS! 

The Faxs Are Clear - on our lull slze (18-112'' 
wide) recorders Free Fax G u ~ d e  

I Callbook 
I 

Don't be one o f  those who waits 
until the year i s  half over to buy a 
new callbook. Invest in  a callbook 
today and get a full year's use out 
o f  your purchase. Crammed full o f  
the latest addresses and QSI. infor- 
mation. 

You'll find: 
Boldface calls, names and addresses 
for every licensed Amateur in  the U.S 

I ,CB-US Softbound $16.95 

The 
Foreign 

Callbook 
DXing i s  a real joy. hut i t ' s  even 
better when you get back QSI. 
cards from the countries you've 
worked. The most important tool in 
getting those cards i s  to have a 
copy of the 1980 Foreign Callhook 
on your operating tahle. Station\ 
are listed by country, call, name 
and address in bold, easy-to-read 

; ;CH-F Softbound $15.95 
Pleaw include $ 1 . 7  add~tlonal \h~pp~ng for 
each Callhook ordered. 

I HAM RADIOS 
BOOKSTORE 

GREENVILLE,  N. H .  03048 



STEREO BREAKTHROUGH 

A new concept in sound technology 
may revolutionize the way we 
listen to stereo music. 

The Bone Fone surrounds your entire body 
with a sound almost impossible to imagine. 

You're standing in an open field. Suddenly 
there's music from all directions. Your bones 
resonate as if you're listening to beautiful 
stereo music in front of a powerful home stereo 
system. 

But there's no radio in sight and nobody else 
hears what you do. It's an unbelievable 
experience that will send chills through your 
body when you first hear it. 

AROUND YOU 
And nobody will know you're listening to a 

stereo. The entire sound system is actually 
draped around you like a scarf and can be 
hidden under a jacket or worn over clothes. 

The Bone Fone is actually an AM/FM stereo 
multiplex radio with its speakers located near 
your ears. When you tune in a stereo station. 
you get the same stereo separation you'd 
expect from earphones but without the bulk 
and inconvenience. And vou also get some- - 
thing you won't expect. 

INNER EAR BONES 
The sound will also resonate through your 

bones-all the way to the sensitive bones of 
your inner ear. It's like feeling the vibrations of 
a powerful stereo system or sitting in the first 
row listening to a symphony orchestra-it's 
breathtaking. 

Now you can listen to beautiful stereo music 
everywhere-not just in your living room. 
Imagine walking your dog to beautiful stereo 
muslc or roller skating to a strong disco beat. 

You can ride a bicycle or motorcycle, jog 
and even do headstands-the Bone Fone 
stays on no matter what the activity. The Bone 
Fone stereo brings beautiful music and con- 
venience to every Indoor and outdoor activity 
without distutbng those around you and with- 
out anything covering your ear. 

SKI INVENTION 
The Bone Fone was invented by an 

engineer who liked to ski. Every time he took a 
long lift ride, he noticed other skiers carrying 
transistor radios and cassette players and 
wondered if there was a better way to keep 
your hands free and listen to stereo music. 

So he invented the Bone Fone stereo. When 
he put it around his neck, he couldn't believe 
his ears. He was not only hearing the music 

and stereo separation, but the sound was 
resonating through his bones giving him the 
sensation of standing in front of a powerful 
stereo system. 

AWARDED PATENT 
The inventor took his invention to a friend 

who also tried it on. His friend couldn't believe 
what he heard and at first thought someone 
was playing a trick on him. 

The inventor was awarded a patent for his 
idea and brought it to JS&A. We took the idea 
and our engineers produced a very sensitive 
yet powerful AM/FM multiplex radio called the 
Bone Fone. 

The entire battery-powered system is self- 
contained and uses four integrated circuits 
and two ceramic filters for high station select- 
ivity. The Bone Fone weighs only 15 ounces, 
so when worn over your shoulders, the weight 
is not even a factor. 

BUILT TO TAKE IT 
The Bone Fone was built to take abuse. The 

large 70 millimeter speakers are protected in 
flexible water and crush resistant cases. The 
case that houses the radio itself is made of 
rugged ABS plastic with a special reinforce- 
ment system. We knew that the Bone Fone 
stereo may take a great deal of abuse so we 
designed it with the quality needed to with- 
stand the worst treatment. 

The Bone Fone stereo is covered with a 
sleeve made of Lycra Spandex-the same 
material used to make expensive swim suits, 
so it's easily washable. You simply remove the 
sleeve, dip it in soapy water, rinse and let the 
sleeve dry. It's just that easy. The entire 
system is also protected against damage from 
moisture and sweat making it ideal for jogging 
or bicycling. 

The sleeve comes in brilliant Bone Fone 
blue-a color designed especially for the 
system. An optional set of four sleeves in 
orange, red, green and black is also available 
for $1 0. You can design your own sleeve using 
the pattern supplied free with the optional kit. 

YOUR OWN SPACE 
Several people could be in a car, each tuned 

to his own program or bring the Bone Fone to a 
ball game for the play by play. Cyclists, 

joggers, roller skaters, sports fans, golfers. 
housewives, executives-everybody can find 
a use for the Bone Fone. It's the perfect gift. 

Why not order one on our free trial program 
and let your entire family try it out? Use it 
outdoors, while you drive, at ball games or 
while you golf, jog or walk the dog. But most 
important-compare the Bone Fone with your 
expensive home stereo system. Only then will 
you fully appreciate the major breakthrough 
this product represents. 

GET ONE SOON 
To order your Bone Fone, simply send your 

check or money order for $69.95 plus $2.50 
postage and handling to the address shown 
below. (Illinois res~dents add 5% sales tax.) 
Credit card buyers may call our toll-free 
number below. Add $10 if you wish to also 
receive the accessory pack of four additional 
sleeves. 

We'll send you the entire Bone Fone stereo 
complete with four AA cell batteries, instruc- 
tions. and 90day limited warranty including 
our prompt service-by-mail address. 

When you receive your unit, use it for two 
weeks. Take it with you to work, or wear it in 
your car. Takewalks with it. ride your bicycleor 
roller skate with it. Let your friends try it out. If 
after our two-week free trial, you do not feel 
that the Bone Fone is the incredible stereo 
experience we've described, return it for a 
prompt and courteous refund, including your 
$2.50 postage and handling. You can't lose 
and you'll be the first to discover the greatest 
new space-age audio product of the year. 

Discover the freedom, enjoyment, and 
quality of the first major breakthrough in 
portable entertainment since the transistor 
radio. Order a Bone Fone stereo at no 
obligation, today. 

PRODUCTS 
-HAT o THINK 

Deot.HM One JS&A Plaza 

Call TOLL-FREE . . . . . . ; . ado 323-6400 
In Illinois Call . . . . . . . . . . (312) 564-7000 

OJSBA Group, lnc..1979 

More Details? CHECK-OFF Page 94 



products 

frn transceiver, the 
Azden PCS-2000 

Amateur-Wholesale Electronics is 
proud to announce its superior new 
Azden PCS-2000 2-meter fm trans- 
ceiver. The PCS-2000 covers 144-148 
MHz in 5-kHz steps (eight hundred 
channels). It features six memory 
channels, and scanning of memory, 
or the full band in "free," "busy," 
and "vacant" modes. All frequency 
control functions are performed by a 
microcomputer. 

Upon inspection, the most striking 
feature is the absence of a large knob 
for frequency control. In place of a 
knob. there is a twelve-button micro- 

and squelch control, two frequency- 
control buttons, and a button for in- 
stant recall of memory channel 1. By 
using these controls, the necessity of 
reaching down to the control panel 
while driving is greatly minimized. 

The PCS-2000 has a huge 112-inch 
LED display that makes frequency 
determination easy. The Slrf meter is 
digital, using LEDs instead of the 
usual often-troublesome mechanical 
movement. There are two selectable 
power output levels: 5 watts and 25 
watts. Low power is internally adjust- 
able from 3 to 7 watts. Frequency de- 
viation is + 5 kHz maximum. Azden 
units limit spurious emissions signifi- 
cantly better than required by FCC 
regulations. 

An external speaker jack is pro- 
vided on both the control head and 
the main unit. Optional accessories 
include external speaker, remote 
cable, desk microphone, and tone- 
pad microphone kit. Both the desk 
microphone and the tone-pad kit pro- 
vide the same remote-control func- 
tions as the standard microphone. 
The Azden PCS-2000 is priced at 
$369.00 and carries a 90-day warran- 
ty. For additional details, contact 
Amateur-Wholesale Electronics, 8817 
S.W. 129 Terrace, Miami, Florida 
33176. 

Heathkit transmitter 
and receiver 

switching, sidetone output with ad- 
justable tone and level, and receiver 
muting. Keying is provided for the ad- 
dition of an external power amplifier. 

The matching solid-state HR-1680 
receiver covers 80 through 10 meters 
plus the lower 1 MHz of the 10 meter 
band. It features a preselector-tuned 
dual-conversion front end for .05 pV 
sensitivity, as well as solid-state diode 
bandswitching, built-in 100 kHz cali- 
brator and switchable widelnarrow 
active audio circuitry for SSB or CW 
operation. The transmitter kit sells for 
$239.95 (requires separate power 
supply) and the receiver is priced at 
$209.95. For more information write 
Heath Company, Department 350- 
940, Benton Harbor, Michigan 49022. 

new MFJ 24-hour 
digital clock 

The MFJ-101 is a new 24-hour, 
solid-state, digital clock. It features 
pleasant blue, 0.6-inch digits that are 
easy on the eyes, yet bright enough 
to see all the way across the room. 

The MFJ-101 has an ID timer that 
alerts you every nine minutes after 

computer control keyboard. The de- you tap the IDIdoze button. This 

sired frequency is programmed into nine-minute timer gives you a full 

the radio digit-by-digit. Simplex, minute to identify after the timer 

- 600 kHz, or + 600 kHz operation is sounds and still be legal. 

selected by pushing a keyboard but- The alarm feature will remind you 

ton. Using a front-panel rotary of that important sked, or wake you 

switch, three additional offsets be- in the morning with a pleasant but 

come available: + 400 kHz, + 1 MHz 
and + 1.6 MHz. 

The unit comes apart into two 
pieces; the control head separates 
from the main unit. With an optional 
connecting cable, the two units can 
be located as much as 15 feet apart. 
This allows great flexibility for mobile 
and portable operation. 

The microphone contains a volume 

Heath Company introduces a new 
Amateur transmitter kit and matching 
receiver kit. The new HX-1681 CW 
transmitter combines solid-state 
technology with vacuum tube finals 
to give a transmitter capable of 100 
watts minimum output on 80 through 
15 meters, and 75 watts out on 10. It 
features full break-in CW operation, 
(QSK), built-in VFO, solid-state TR 

persistent chirping sound. The 
fastlslow set buttons make setting 
time and alarm simple, while the lock 
function prevents accidental misset- 
ting. 

The alarm has an indicator which 
lights up when the alarm is on. If 
power has been interrupted, the 
digits flash on and off until the time is 
reset. 



The MFJ-101 is UL approved, and 
operates on 110 Vac, and can be 
switched for 50160 Hz for operation 
in European and Asian countries. 

MFJ provides a 30-day, money- 
back trial period. If you are not sat- 
isfied, you may return it within 30 
days for a full refund (less shipping). 
MFJ also provides a one-year limited 
warranty. 

The MFJ-101 is available from MFJ 
Enterprises, Inc., for $29.95 plus 
$3.00 shipping and handling. 

To .order, call toll-free 800- 
647-1800, or mail order with check or 
money order to MFJ Enterprises, 
Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. 

watts with less than 1.5: 1 VSWR, and 
50 ohms nominal impedance. 

The antenna whips are long enough 
to permit cutting to frequency. They 
are made of quadraplated 17-7PH 
stainless steel. This results in low- 
er skin effect losses and greater 
radiation. 

Contact Signals Communications 
Corp., 1 Signals Park, P.O. Box 4833, 
Manchester, New Hampshire 03108. 

rf speech processors 
for Drake 

The new Sherwood RF speech 
processors provide no-compromise 
rf/i-f envelope clipping for high intelli- 
gibility and unexcelled talk power. A 
specially designed eight-pole i-f crys- 
tal filter drives a highly effective ac- 

mobile antennas 
tive hard limiter (clipper). Great care 
has been exercised in developing reli- 
able, ultra-fast, high-isolation pin- 
diode switching of filters and the clip- 
per stage. Full eight-pole, low-leak- 
age receive and transmit capability is 
realized. The processors are rig pow- 
ered, and are easy to interconnect 
with your equipment. No drilling of 
holes is required. 

The 4-SP for the 4-Line transmit- 
ters (T-4X, T4XB, and T-4XC) has 
separate LSB and USE eight-pole fil- 
ters of carefully chosen bandwidth 

A completely new line of mobile 
antennas has been introduced by Sig- 
nals Communications Corporation. 
The new line covers 30 through 512 
MHz. These high-performance, low- 
profile antennas feature plated whips, 
high-impact bases, and optional 
springs. These antennas will fill the 
needs of most professional and gov- 
ernment applications. The Match- 
mate mobile-mount adapter system 
permits the mounting of Signals an- 
tennas on all popular mounts. 

The mobile antennas feature solid 
dielectric coils enclosed in high- 
impact base covers. This configura- 
tion eliminates variation from coil to 
coil, thereby ensuring consistent high 
quality. The antennas are rated at 200 

for proper filtering ahead of its clip- 
per. The highly versatile 7-SP for the 
TR-7 not only improves your trans- 
mitted signal, but offers automatic 
transmittreceive switching as well as 
the option of selecting the proces- 
sor's special crystal filter for 16-pole, 
1.9- kHz receive bandwidth. In addi- 
tion, circuitry is provided for installing 
one of the normal accesson/ filters, 
such as the SL-500, on the processor 
board, allowing room for other filters 
in the TR-7 itself. 

All units have filter selection and 
clipping intout switches, plus an out- 
put control after the clipper (for prop- 
er final/PA drive adjustment from 
band to band, or for precisely setting 
linear-amplifier excitation level). Clip- 
ping is adjusted by the rig micro- 

phone gain control. Each processor is 
housed in an attractive charcoal- 
colored cabinet, accented with white 
lettering, that blends well with all 
Drake equipment. High-quality ma- 
chine-screw construction is used (no 
sheet-metal screws to strip out), with 
top and bottom removable for easy 
access to both sides of the PC board. 

Model 7-SP for the TR-7 sells for 
$265.00; the 4-SP for the 4-Line 
transmitters sells for $285.00. Others 
will be available later. Money back if 
not satisfied. Master Charge and 
VISA welcome. Please add $3.00 
shipping/ handling per order. Over- 
seas airmail add $6.00. Write to Sher- 
wood Engineering, 1268 South 
Ogden Street, Denver, Colorado 
80210. 

brochure from 
J.W. Miller 

A new four-page brochure de- 
scribing accessory equipment for 
Amateur Radio operators is now 
available from J.W. Miller, Division 
Bell Industries. Included in the bro- 
chure are descriptions and technical 
details of SWR and power meters, rf 
speech processors, precision coaxial 
switches, and various interference 
filters. 

Direct reading SWR, forward 
power, and reflected power are pro- 
vided by models CN-720 and CN-620 
over the 1.8-150 MHz range; model 
CN-630 covers 140-450 MHz. 

Rf clipping that insures low distor- 
tion is provided by models RF-440 
and RF-660 speech processors. 

Adjacent channel isolation of bet- 
ter than 50 dB at 300 MHz and 45 dB 
at 450 MHz is provided by two-posi- 
tion model CS-201 and four-position 
model CS-401 coaxial switches. The 
broadline of interference filters in- 
cludes high-pass, lowpass, audio, 
and ac power line filters. 

For additional information, contact 
Jerry Hall, Operations Manager, 
J.W. Miller Division, Bell Industries, 
19070 Reyes Avenue, Compton, Cali- 
fornia 90227. 



multifunction 
frequency counter 

The FC-841 is a seven-digit multi- 
function frequency counter that 
covers .the 10-Hz to 50-MHz range. 
The tilt-view stand, all-steel case, and 
the 0.3-inch high LED readout facili- 
tate troubleshooting. Supplied with 
four AA cells, the counter can also be 
plugged into an ac outlet or a car's 
cigarette lighter. 

The FC-841 has a selectable gate 
time of 100 milliseconds or 1 second 
and a sensitivity of 30 mV rms, up to 
30 MHz, decreasing to 60 mV rms at 
60 MHz. The time base stability of the 
counter is 3 parts per million from 20° 
to 30°C (68O to 86OF). The instrument 
also features a switch for selecting 
the kHz or MHz ranges. The FC-841 is 
supplied complete with batteries, an- 
tenna, and a test lead having alligator 
clips on one end and a BNC connector 
on the other end. 

Price is $90 from Soar Electronics 
Corp., 200 13th Avenue, Ronkon- 
koma, New York 11779. 

Hustler ten-meter Yagi 
A new beam, designated 10-MB-4, 

is the result of extensive antenna de- 
sign refinements by Hustler. The 
beam is a four-element Yagi opti- 
mized for best directivity, excellent 
front-to-back ratio, and maximum 
gain through selective element spac- 
ing, and precisely resonated element 
lengths. The 10-MB-4 has a gamma- 
match feed system and is adjustable 
for a 1.2:1 or better SWR. 

The Hustler 10-MB-4 is designed to 
withstand severe weather, yet it's 
light enough to be turned by a TV an- 
tenna rotator. The entire antenna is 
built from high-strength aluminum 
tubing and can easily be grounded for 
lightning protection. 

The new Hustler 10-MB-4 10- 
meter beam has a suggested list price 
of $109.95 and is available now. For 
further information on this or other 
Hustler Amateur antennas, write 
Hustler Inc., 3275 North B Avenue, 
Kissimmee, Florida 32741. 

Microcraft M orse-A- I I CALL 1 
Word code reader 

An eight-character Morse-code 
reader has been introduced by Micro- 
craft, for SWLs, beginners, and vet- 
eran Amateur Radio operators. It 
accepts audio signals from a commu- 
nications receiver's headphone, jack, 
or loudspeaker, and displays the de- 
coded characters. All text characters 
- letters, numerals, punctuation 
marks, special Morse-symbols, and 
word spaces - are shown sequen- 
tially on the display in moving-charac- 
ter fashion. Code speeds of 5 to 35 
WPM can be copied. depending on . . . - 
the setting of the front panel control. 
The Morse-A-Word also includes a 
built-in code-practice oscillator and 
monitor speaker for practice ses- 
sions. A complete kit is $169.95, and 
a wired and tested version is $249.95. 
Write to Microcraft, P.O. Box 513, 
Thiensville, Wisconsin 53092. 

computer logging 
package 

Snow Micro Systems, Inc., an- 
nounces a logging package for Radio 
Amateurs. This package, written in 
Northstar BASIC, allows Amateurs to 
keep their log records on floppy 
discs. 

The log data-file can be examined, 
edited, and printouts and summaries 
obtained of sections of the log. The 
entries can be listed by prefix such as 
G, G3, G3Z. G3ZC, or G3ZCZ. QSL 
card information can be automatically 
printed out by the computer. 

Different logs can be emended, 
merged, deleted, renamed, searched, 
and summaries listed on any of the 
seven output devices supported by 
the Northstar system. 

The package contains one disc, 
which includes sample logs and full 
instructions, and is available for 
$1 5.00, postage paid. 

For further information, write to 
Snow Micro Systems, Inc., P.O. Box 
1704, Silver Spring, Maryland; or tel- 
ephone (301 1622-1931. 

I TOLL 
For the best deal on 

OAEA OAmeco .Apple .ASP 
OBelden OBencher .Bird 
0CDE OCES OCushcraft 
ODaiwa ODenTron .Drake 
.Hy-Gain elcorn OKLM 
.Kenwood OLarsen OMFJ 
.Midland OMosley ONPC 
ONewtronics ONye .Palomar 
.Regency .Shure .Swan 

Apple Computers.. 1 
get E r i c k s o n ' s  price! 
RTTY interface available 

Larsen Mag Mounts ... 
CLOSEOUT! 20 O/O o f f  on 
any Larsen mag mount 
antenna in stock! 
SUPER SPECIAL ... 

A few sets of Kenwood 
Twins ... I I . / I ; / ~ ,  I / I ~ T  /,1.~1.$700! 

' - -  

I I 

CALL TOLL FREE 
(outside liilnols only) 

(800) 621-5802 
Hours. 

9:M-5% Mon.. Tums.. Wmd. 6 Fri. 
9:30-9:W Thursday 
9:W-3:W Saturday 

More Details? CHECK-OFF Page 94 



Send 10' for our latest catalog wrrte or 
phone for more detarls 

2400 c rys ta l  Drlve - F t  Myers Florida 33907 I I al l  phones (813)936-2397 

I July 26 thru August 8, 1980 1 
I Our 2Ist year of successful teaching I 

Boost your Ham Skills 
on the Blue Ridge 

"A Vacation with a Purpose" 

I Two weeks sntr~ration learning program 
in Arnatcr~r R:itlio: I 

1 Novice to (:enera1 I I Ce~rra l  or Technician to Aclrancetl I 
Eupt.rt Instr~lction sti~rting at yollr level. 
Code ancl Tht.orv in tlrpth along with 
I.'rirmtll\ A~natc.llrs, Who Care Almr~t 
Yo11. 

I C. L. PETERS. K4DNJ. Director. 
! 
I 

I Oak Hill Academy Amateur Rad~o  Session I I Mouth of Wilson. Virginia 24363 I 
I I 

! Name . . _Ca l lL  - . - 

All Palomar Engineers products are 
made in U.S.A. Since 1965. manufacturers 
of Amateur Radlo Equipment only. 

New device opens up the world of Very Low Frequency 
radio. 

Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned in on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF signals is doneentirely by the receiver which picks up 10 KHz signals 
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multipole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3" x 1%" x 6" die cast 
aluminim case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswitch- 
ing and tuning adjustments usually found in VLF converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 in U.S. and Canada. Add $3.00 
shippinglhandling. California residents add sales tax. 

Explore the Interestlng world of VLF. Order your converter today! Send 
check or money order to: 

More Details? CHECK-OFF Page 94 feb rua ry  1980 81 



Ham Radio's guide to help you find your locar A& 
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 Conlplete Amateur Radio Store. 
POWER COMMUNICATIONS 
6012 N. 27 AVE. 
PHOENIX, ARIZONA 85017 
602-242-6030 
Arizona's #1 "Ham" Store. Yaesu, 
Kenwood, Drake, Icom and more. 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105, P. 0. BOX 5232 
CARSON, CA 90745 
800-42 1-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
- Parts at  Cost - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE. CA 95128 
408-998-1 103 
Atlas, Kenwood, Yaesu, KDK, 
Icom. T ~ ~ D o .  Wilson. Ten-Tec, 
VHF Engineering. 

TELE-COM 
15460 UNION AVE. 
SAN JOSE. CA 95124 
408-377-4479 

Connecticut 
THOMAS COMMUNICATIONS 
9 5  KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 203-667-081 1 
Call us toll free. 

I Delaware 

I DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302.328.7728 
ICOM, Ten-Tec, Swan, DenTron, 
W~lson, Tempo, KDK, and more. 
One n i ~ l e  off 1-95, no sales tax. 

Florida 
-- 

AGL ELECTRONICS, INC. 
1898 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 i n  Ham Radio. 

RAY'S AMATEUR RADlO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy.Gain, 
Icorn, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

SUNRISE AMATEUR RADlO 
1351 STATE RD. 8 4  
FT. LAUDERDALE, FL 33315 
(305) 761.7676 
"Best Prices i n  Country. 
Try us, we'll prove it." 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL  60540 
3 12-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
Chicago - 312-631-5181 
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 
KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
219.484-4946 
Your Complete Atnateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 & 7 
FORT DODGE, IA 50501 
515-576-3886 
800-247-2476/ 1793 
Iowa: 800-362-2371 
For an EZ deal. 

Kansas 
ASSOCIATED RADlO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 

Maryland 
THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
Kenwood, R. L. Drake, Ten-Tec, 
Icom, Swan, DenTron & Apple 
Computers. 

Massachusetts 
TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
6 1  7-486-3040 
The Ham Store of New England 
you can rely on. 

TUFTS RADlO ELECTRONICS 
206 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

I I 

YOUSHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for com~lete details. 
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,ma teur Radio Dealer 

Michigan 
RSE HAM SHACK 
1207 W. 14 MILE 
CLAWSON, M I  48017 
3 13-435-5660 
Complete Amateur Supplies. 

Minneso ta 
PAL ELECTRONICS -INC. 
3452 FREMONT AVE. NO. 
MIN'NEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

Missouri 
HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS. MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

Nebraska 
COMMUNICATIONS CENTER, INC. 
443 NORTH 48TH ST. 
LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

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 
20 1-542-2447 
Ham supplies since "55". 

BARGAIN BROTHERS ELECTRONICS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A million parts - lowest prices 
anywhere. Call us! 

METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "T" Bruno 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's Fastest Growing 
Amateur Rad~o Center. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 
Drake, Swan, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, Etc. 
- 

WlTTlE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
(201) 772-2222 
Same location for 62 years. 
Full line authorized Drake dealer. 

New York 
--- 

HAM-BONE RADIO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 
We deal, we trade, all major brands! 
2-way service shop on premises! 

HARRISON RADlO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
"Ham Headquarters U S A  
since 1925. 
Call toll free 800-645-9187. 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 315-337-2622 
Res. 1 315-337-0203 

New & Used Ham Equipment. 
See Warren K21XN or Bob WA2MSH. 

Ohio 

AMATEUR RADlO 
SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
COLUMBUS (REYNOLDSBURG) 

OH 43068 
614-866-4267 
Complete Amateur Radio Sales and 
Service. All major brands - spacious 
store near 1-270. 

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. MAlN STREET 
SOUDERTON, PA 18964 
215-723-l'200 
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 30 Years. 
Call Toll Free 800-523-8998. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 
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 RADlO 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 
817-461 -9761 
Your Full Line Authorized 
Yaesu Dealer. 
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flea w t  market 
RATES Non-commercial ads 10c per 

word; commercial ads 600 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one free Flea Market 
ad (subject to our editing). 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 (not all 
capitals) and must include full name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radlo cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness o f  material limited to cor- 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

ICOM 701 INTERNATIONAL USER'S CLUB. Details 
s.a.s.e. Pohorence, 9600 Kickapoo Pass, Streetsboro, 
Ohio 44240. 

BIRD 4111 WATTMETER $75. Seria 164 $125, Motorola 
1034 Signal Generator $350, Hickock Tube Tester $35. 
Lampkin 205A $60, Model 80 $225. Gertsch FM.3 $100, 
KGKZT, 2255 Alexander, Los Osos, CA 93402. 

KDK 2015R OWNERS. Use memory for any oddball 
splits. Shows TransmitlReceive frequencies. Simple, 15 
minutes. No holes drilled, no boards lifted. SASE. 
Details free. WAZHQD. 105-18 131. Richmond Hill, NY 
11419. (212)641.2559. - 
MECHANICAL FILTER F455N20 or equivalent for R-390A 
needed; also 2K25 klystron mount, waveguide. WA4VZQ. 
120 Brookwood Drive. Seneca. SC 29676. 

VERY in-ter.est-lng! N ~ x t  3 issues $1. "The Ham Trader", 
Wheaton, lL60167. 

COLLINS 51Sl.F .2-30 MHz (round Y7390) with matching 
55G1 VLFISpeaker. Complete that S-Line with this mint 
receiver. $1200.00. Bob, WAGERB, 451-1 Via Casitas, 
Green brae, CA 94904. (41 5) 461-3209. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria Ham Radlo Holland 
F. 8.stl MRL Ectronlcs 
Ha" t at25 Poabus80 
A-Z?iWlanar Neuatadt NL-22M Delft 
Austria Holland 

H m  Radlo Belplum 
Sterwhouse Ham Radlo Italy 
Br~8wIwstWnweg418 G.VulPlll 
Be218 Gent P.O. Box 37 
eupl~m 1.22083 C.ntu 
Ham Radlo Canada 

Italy 
Box lM) Goderlch 
0ntula:~anada N7A 4C7 Ham Radlo Swltrsrland 
Ham Radio Europe uarln 
Box 444 

Postfach 24% 

SlglMUpplands~~aby ~~~~~~h 
Sweden 
Ham Radlo France Ham UK 
SM Electronic 
20 bla. Ave den Clarions ~ ~ ~ , " ~ e ~ , ~ j ' & ~  F.BOWO Auxerra 
France Enpland 
Ham RadloGermany 
Kuln Usber Holland Radlo 
Postfach 2454 143 Greenway 
D7B50 Lonfach Greanalde. Joh.nneabur9 
West Germany uspubllc of South Afrlca 

More Details? CHECK-OFF Page 9 

AMATEUR WHOLESALE ELECTRONICS is looking for 
a Chief Electronics Engineer or Technician, ful l  
benefits, excellent opportunity for advancement. 
Please submit resume and salary requirements to: 
Peter Smith. A.W.E.. 8617 S.W. 129 Terr.. M~ami ,  
Florida 33176 or phone (305) 233.3631. - 
COLLINS - KWS-1 Y376 $450 with spare P.A. tubes; 
75A-4 84986 $425; WBGNS, (513) 232-5574. - 
BUY.SELL.TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radlo, 8012 Conser, Overland Park, KS 
66204. (91 3) 381-5800. 

FOR SALE: Mosley Tri-Band Ta 36 and Mosley Dipole TD 
2 Antennas, Rohn Tower 55 ft. (tilts) Ham-M Rotator. 
1-814-362-3365. - 
QSLs - $2.70 per hundred (minimum order, 1000) and 
up. 32 two-color designs. Send 30elstamps for catalog. 
Satisfaction guaranteed or money back. Since 1934. 
VP5QED Press, Box 1523, Boca Raton, FL33432. - 
KENWOOD INTERNATIONAL USER'S CLUB is  now 
operational. SASE for detalis. NBRT, Pohorence, 9600 
Kickapoo Pass, Streetsboro, OH 44240. - 
RTTY CLOSEOUT - Complete kits only. NS-1A demodu- 
lator $15.00. NS-BP bandpass filter $9.00. Postpaid. 
SASE for info. Nat Stinnette Electronics, Tavares, FL 
32778. 

TEFLON CIRCUIT BOARD, double sided 1 oz. Approx- 
imately 3.5" x 5" .O1 $5.00 ea., ,032 $6.00 ea. Feed thru 
caoacitors 5.50 ea.. hot carriers diodes suitable for 2 
GHZ $1.50 ea.. 4.5 GHz f t  transistors $3.00 ea. Will supply 
MRF 901 while suoolv lasts. C h l ~ - ~ a ~ a ~ l t ~ r S  10. 47. and 
100 PF $.50 ea. PbstHge paid. Master Charge, VISA, or 
check. S&S Enterprises, 4335 East 5 Ave. Anchorage, 
Alaska 99504. (907) 333-7367. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
t.50. Walter. 2697 Nickel. San Pablo, CA 94806. 

STAR.TRONICS monthly picture flyer is full of parts and 
pieces for the builder. U.S. only. Star-Tronics, Box 683. 
McMinnville, OR 97128. 

TEST GEAR: Eico R-C Bridge $25, grid dip $10, 3" scope 
$40, Heath stereo MPX generator $50, Central Elec- 
tronics monitor scope $40, B&W dummylwattmeter $35, 
Ten-Tec KR-40 $45. N3AI, 617 Mtn. Top Rd., McAdoo. PA 
18237. 

TRS.80 INTERFACING. Active Filters, 8080/8065 Pro- 
gramming, Digital Electronics, and many exciting new 
titles in the self.study Blacksburg Series. Free info. 
Group Technology, Box 87K, Check, VA 24072. 

RTTY - 26 ASR, $325. KSR $185. You pickup. Other 
RTTY gear available. Call or Write, Ed, WlNPL, 136 
Woodlawn St., Chicopee Falls, MA 01020. 

ONLY MY FRIEND'S recent physical disability makes 
this top-grade equipment available; purchased new, still 
in as-new condition, complete with manualslcables. Bill 
had literally a store full of items, $10 to $100 range; too 
costlv to advertise the list, so tell me what you need. I 
want;o move them now Anyone having a difficult tome 
learnino code and ooeratina CW? These iike-new visual . . 

decoders and electionic tyEewriter keyboard: Pickering 
230-D Morse Decoder, $1500; Pickering KB-1 Electronic 
Keyboard keyer, $140; Atronics CR.101 Code Reader, 
$65; manualslinstructions. Collins: 51SlF, $2050; 55G1, 
$325; 30L1, $995; 32S3AI516F2. $1775; 31284, $425; all 
Round Emblem, immaculate wlmanuals. Two Hy-Gain 
HT-16, 10-80 meter vertical antennas, $195 each (phasing 
harness available); Two Murch Ultimate Transmatch UT- 
2000A, $125 each; DenTron 3000A antenna tuner, $230; 
KLM Multi-2700 144 MHz transceiver. $575; KLM PA 10- 
140BL linear amplifier, $175; Vista 120v.a.c.H3.8v.d.c. 
power supply for above, $136; excellent condition 
wlmanuals. Ralph E. Thomas, WZUK. 9 Emmons Avenue, 
Farmingdale, N.J. 07727; telephone (201) 938-5623. - 
CHAIN BURGLAR ALARMS has loud piercing Alarm - 
$15.00 ea. Post-paid. "M" Grant, Rt. 3, Box 183, Salem, 
Virginia 24153. 

-4 A N 5  P T S  R N C  S T R A I G H T  

A L L  A N T E N N A ?  ARE F O U  1 r O  M E T E R ,  

0 3 4 9 U  $ 3 . 7 5  

N' N/UHP-F 
UG-146U $ 4 . 7 5  

' N '  F/UHF-U 
UG-83BU $4.75 

RG8 Adapter 
UG-175 S . 2 5  

B N C  * - C A B L E  
UG-88 S 1 . 3 5  

BNC F - P A N E L  

i>G 13?Cll.OD 

PQBox 12685 

QSL CARDS 5001$10.400 illustrations, sample. Bowman 
Printing, Dept. HR. 743 Haward, St. Louis. MO 63130. 

ANTENNA FARM on slx acres redwood forest, Santa 
Cruz mountains, 45 minutes to San Jose, CA. Quiet DX 
location, three.phase power, 125-ft Blaw Knox self- 
supporting tower with 40M and 20M rotary beams. 
Crank-up with TH6DXX. Many 150-ft redwoods for wires. 
1925 square feet in house and garage, 960 in nearby 
shop and ham shack, all seven years old. Private well. 
10,000 gallon storage. H-mile paved private road. Top 
three acres fenced. Good DX location all directions. 7' 
horizon to SW. $300,000 by owner. WGMUR. terms. Write 
callbook QTH or call (408) 336-8800. 
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REMOTE CONTROLLED 
ANTENNA SWITCHING LETS 
YOUR FEEDLINE WORK HARDER.. . 

f i v e  times as hard, in fac t .  

switch allows instant switch selection o f  up 
to jive antennas with a single f e e d l i n e  
and a control cable between 
the operating position and MOOEL SO 

the remote switch location. . emote Antenna Switch 
LB160QGo +$3 shipping 

Eliminates the tangle of f e e d l i n e s  and manual 
witches usually associated with multipleantennas. 

With 3kW power rating, high-speed low-loss 
operation, rugged w e a t h e r - p r o o f  construction 

and LED indication o f  antenna in 
use, it adds up to THE solution 

to your antenna switching problems. 

Order f a c t o r y - d i r e c t  or write 
f o r  complete i n f o r m a t i o n  on 
our line o f  available models. 

IRON POWDER and FERRITE PRODUCTS 

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. 

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 

R F  Speech Processors for Drake TR-7, TR-48, T-4Xs 
Special 8 p d e  IF crystal filtering. follavsd by highly 
effectin active hard limiting: the key to intelligibility and - NEW! RF CLIPPERS 

I 
talkpower. TR-7 processor pmvida room for an additional 
accessory filter. All solid-state pindiode witching. TR.7, 
TR-A unitl feature laleaable 16-mle w i v e .  Model 7-SP ... .-.-. .--- ~ 

for TR.7: $265.00. Model 4-SP for T4X: $285.00. 
TR4  unit mailable at a later date. - 

Mike Equalizer Pre-Prooessor LrWOOd EnginEEring lnc 
1268 South Ogden St. 

Companion to above units, but good betwsen any mike Denver. Colo. 80210 
and rig. Can reduce distortion, improve crispnas, intel. (303) 722-2257 
ligibility. Easily-adjustable single control tailors both high M~~~~ back satlsf,ed 
and low frequencies to optimize raspome of any micro. 
phone. Contains inlout, gain. equalization controls. 

Add 53 per order sl>ipp~ng, 
$6 overseas atr 

Model SE-1: $65.00. 

4lBibt 
Dealer Inquiries Welcome - 

MOTOROLA ALL SOLID STATE MOTRAN RADIOS. 
Model X43LSN-2170. four frequency. transmit 150 MC 
(30W). receive 450 MC. Wlll operate in Ham Bands. No 
modification required. Large stock available. $150.00 
each. Omni Commun~catlons. Call (312) 852.0738. - 
Q.L.B. 4008 CHANNELIZER factory built with manual. 
converted Motorola U43GGT 2 Mtr Transceiver used with 
Channelizer. Will sell separately. R. W. Stelfel. 2203 
Lakeland Dr.. Johnson Cllq, Tenn. 37601. 

FERRIC CHLORIDE in double wrapped one pound 
packages. Dry - just add water. Makes close to one gal- 
lon. Satistaction guaranteed. 52.50 per pound. Please in. 
clude funds for shipping. Lou Carbaugh. WA3OJF. P. 0 .  
Box 398, New Cumberland. Pa. 17070. 

HAM RADIO REPAIR. alignment. Prompt, expert. 
reasonable. "Grid" Gridley, W4GJ0, Route 2. Box 1380, 
Rislng Fawn. GA 30738. 

COMPLETE SET OF 73's, every Issue ever prlnted. Ex. 
cellent condltion. Wlll sell or trade; make offer. KEYAH, 
Ron Vanke. 2700 Patrick Ave.. Columbus. OH 43229. 

R l l V  AFSK Modulator PC board. See Feb. 79 Ham 
Radlo. Drilled $5.00 F. E. Hinkle. 12412 Mossy Bark. 
Austin. TX 78750. 

SELL: RTTY OT-BOO. AK.1 CW ID'er. timer, loop and low 
voltage supplies professlonally built in nlce cablnet 
5150, solld state RlTY keyboard and video display 16x64 
5200. Will consider trade lor 10 MHz scope. N3AI. 617 
Mtn. Top Rd.. McAdoo. PA 18237. 

THE MEASUREMENT SHOP has usedlreconditioned 
test equipment at senslble prlces; catalog. 2 West 22nd 
St.. Baltimore. MO 21218. - 
SALE - Tubes 211's. 311's - 53.00 ea., RG.62 Co-ax 
100'157; Panduit cable ttes SSTIM-M20 0 % '  1000'158. 
Delco AM.FMSs, OM'S '70'77. Svirmikas. 6801 S. Whlp. 
ple. Chicago. lL60629. - 
MANUALS for most ham gear 193711970. Send 2% for 
"Manual Catalog." HI. Inc.. Box H W .  Council Bluffs, 
Iowa 51502. 

WANTED AFSAV.133D 6 ANIFRA.86 Demods TD.687 
Demux. AFSAV-129A Selector 6 AFSAV.39C Rekeyer. C. 
T. Huth. 146 Schonherdt. Tiffin. OH 44883. 

PORTA PAK - Make your FM mobile a self-contained 
portable. Models in stock for most popular makes. 4.5 
amp hr model S80.00. 9 amp hr 5103.00. Charger includ- 
ed, Shipping extra. P.O. Box 67. Somers. WI 53171. 

R l l V  FOR SALE: 28ASR table-top compact (I); 28KSR 
singlespeed (2). wlgearshlft (1); M28 ROTR singlespeed 
(2), wlgearshift (3); M28 LXD stand.alone TD (10); 28KSR 
compact wlgearshift (1); B R O  wlgearshift (2); 34ASR (1); 
M28 keyboard typlng reperf single-speed (2); M28 triple 
LXD (2): M28-under-dome typing reperf single.speed (1). 
wlgearshift (2); frlclion.feed mod klts NEW (3); 2.shalt re- 
perf for 28ASR (2); 6075100 wpm gearshifts for 28KSR, 
RO NEW (5); M28 motorized paper w~nders (10); sell.con. 
tained answerbacks (3); 35KSR (1); 35ASR (1); 33ASR 
TWX (1); gears and parts available for all machines. Send 
SASE for full list and prices. Lawrence A. Pfleger. 
KQWJB, 2800 S. 14th Street. St Cldud. MN 56301. 

SATELLITE TELEVISION - movles, sports, etc. Build or 
buy your own earth statlon. Send 53-00 for Information. 
Satellite Television. Box 140. RD W3. Oxford. NY 13830. 

-. . 

MOBILE HF ANTENNA 3.2.30 MHz inclusive. 750 watts 
PEP, center loaded, tuned from the base, eliminating 
coil Changing or removlng from mount. Less than 1.5 to 1 
VSWR thru entire coverage. 5129.95 ea. plus shipping. 
Contact your local dealer. If none in your area order 
dlrect. Anteck. Inc., Route One. Hansen. Idaho 83334. 
(208) 4234100. Master Chg.. and VISA accepted. Dealer 
and factory rep. lnqulries Invlled. 

ELECTRONIC BARQAINS. CLOSEOUTS. SURPLUS! 
Parts, equipment, stereo. ~ndustrial, educational. Aman 
lng values! Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762. Plattsburgh. NY 12901. SURPLUS WANTED! -- 
MOBILE IDNITION SHIELDING provldes more range 
with no nolse. Available most engines. Many other sup. 
pression accessories. Literature, Estes Engineering. 930 
Marine Dr.. Porl AngeleS. WA 98362. 

FOR SALE: Johnson 4740 SSBIAM transceiver converted 
to 10 meters. S2M). S. R. Wimmer. WBOGGT. 1430 N. 
59th. Lincoln. Nebr. 68505. 

FREQUENCY SYNTHESIZERS - How they work, how to 
deslan vour own. ~ l u s  more. Self-studv book. Deslan of 
phase iocked  bop Circuits, with Experiments,- 254 
pages. A Blacksburg Series book. 59.95 poslpald. Group 
Technology. Box 87K. Check, VA 24072. 



HAM RADIO MAGAZINE. Complete file $125. W l W .  
(203) 438-3228. 

DX. YOU BETI THE DX BULLETIN - Best weekly DX Info 
in the world. For FREE sample copy, send business-slze 
SASE to: The DX Bulletin. 306 Vernon Avenue. Vernon, 
Connecticut 08066. 

NORTH AMERICAN DX REPORT - free sample - 
SASE to Sultes R2-R3. 615 S. Frederick Ave.. 
Gaithersburg. MD 20760 - Phone (301) 840.1987. - 
CW FILTERS: Actlve audlo&pole, Install In any radlo. se. 
lectable bandwidth, $15.532. SASE Info W8CBR. 80W. 
Mennonite. Auiora. OH 44202. 

STOP LOOKINQ for a good deal on amateur radlo equip- 
ment - you've found It here - at your amateur radio 
headquarters In the heart of the Midwest. Now more 
than ever where you buy Is as Important as what you buy. 
We are factory.authorized dealers for Kenwood. Drake. 
Yaesu, Colllns, Wilson. Ten-Tec, Atlas, ICOM, DenTron. 
MFJ, Tempo. Regency. Hy.Galn. Mosley. Alpha. 
CushCraft. Swan and many more. Write or call us today 
for our low quote and try our personal and frlendly 
Hoosier Service. HOOSIER ELECTRONICS. P.O. Box 
2M)l. Terre Haute. lndlana 47802. (812) 238-1456. 

Coming Events 
MICHIGAN: Traverse Clty Swap 'n Shop. Saturday. 
February 9,10 AM. 4 PM. Talk-In on 25185or 52. For more 
details contact: Jlm Fenton. WBLVZ. 11476 Cedar Run 
Rd.. Traverse Clty, MI 49684. Phone: (616) 275-7597. Good 
Door Prlzesl 

MISSOURI: The Mlssouri Valley Amateur Radlo Club. 
Inc. proudly announces Its second annual Pony Express 
Days from the original stables in St. Joseph, Aprll 5 and 
6. Operating tlme 1OOO CST to 1900 CST both days. Any- 
one maklng contact wlth the club station will receive the 
Pony Express Award. Send legal-slze SASE along wlth 
personal QSL card to: Missouri Valley ARC, 401 Norlh 
12th Street, St. Joseph. MO 64501. Cerltflcate wlll be 
stamped wlth orlginal seal of the Pony Express. Operat. 
tng frequencies wlll be 28 575 and 10 kc's from the bob 
tom of the General phone band on the other bands - 15 
through 75. CW bands wlll be 28.150. 21.150 and 7.125. 
Llsten for WQNH from the home of the Pony Express. 

VERO BEACH. FLORIDA HAMFEST - The Treasure 
Coast Hamfest wlll be heldon March 15 6 18.1880at the 
Vero Beach Community Center. Admission is 53 per 
family in advance. 53.50 at the door. Talk In on 146.13173 - 
146.04l64.222.341223.94. For lnlormatlon write P.O. Box 
3088. Vero Beach, Fla. 32960. 

MARYLAND: Calvert Hall and the Baltimore Amateur 
Radio Club's all new 1980 Greater Baltimore Hamboree 
and Computerfest. Sunday. March 30. New location: The 
Maryland State Fairgrounds at Tlmonlum located just off 
1-83. 2 miles norlh of 1.695 north of Baltimore. Plenty of 
space for dealers, displays, tables, commercial exhlblts 
and lectures for both Amateur Radio and personal com- 
puter enthusiasts. Acres and acres of space for tallgate 
sales. Door prizes throughout the day with hundreds of 
dollars In cash prizes glven away at the grand drawing. 
Admlsslon: $3.00. Tables $5.00. Special events, lectures, 
and demonstrations. Refreshments available. Talk In on 
the BARC repeaters, 146 07167 and 146.34194. For addi. 
tlonal ~nformal~on, tickets and space rese~at losn con. 
tact. Joseph A. Lochte. Jr.. 2136 Pine Valley Drive. 
Tlmonium, MD 21093. For a recorded message dial: (301) 
HAMTALK. 

Panel Mount 
Handy Logging Area 

I Spinner Handle Available 
Case: 2x4": shaft  X"x3"  

Add 51.50 

ASTRON POWER SUPPLIES 
HEAVY DUN HIGH QUALITY RUGGED RELIABLE 

SPECIAL FEATURES 

SOLID STATE ELECTRONICALLY REGULATED 
FOLD-BACK CURRENT LIMITING Protects Power Supply from 
excessive current 6 conttnuous shorted output 
CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A 
RS 12A AS-MA AS-35A RS-MM 6 RS-35M 
MAINTAIN REGULATION & LOW RIPPLE at low llne Input Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTY MADE IN US A 
VOLT 6 AMP METER ON MODELS AS-MM 6 RS.35M ASTRON 20 AMP REGULATED 

PERFORMANCE SPECIFICATIONS POWER SUPPLY Model RS-20M 

INPUT VOLTAGE 105 125 VAC 16 Amps cont~nuous 
OUTPUT VOLTAGE 13 8 VDC +0 05 volts M Amps ICS' 

(Internally Adlustable 11-15 VDC) 5 (HI x Y (W) * 10 5" (0) 

RIPPLE Less than 5mv peak to peak (full load & low Ilne) Shlpplng Welght 20 Ibs 

REGULATION + 05 volts no load to full load 6 low llne to hlgh llne Price . . . . . . . $11295 

'ICS - lnterm~ttent Commun~cat~on Serv~ce (50% Duty Cycle) 
If not available at your local dealer, please contact us directly. 

lnslde View - RS-12A 

A ST R 0 N 1971 South Ritchey Street 
Santa Ana. CA 92705 

CORPORATION (714)635-0682 

I CENTRAL N E W  YORK'S FASTEST GROWING H A M  DEALER - 
I ,  . , l .  

Fea tu r~n  Yaesu, icom,  Drake. Ten-Tec, Swan, DenTron, Mldland, KDK, MFJ, Microwave 
~ o d u l e , ? e m ~ o ,  Astron, KLM, Hy-Gain, Mosley, Larsen, Cushcraft. Hustler, Min i  Products, 
Bird. DSI, Mirage, Vibroplex, Bencher, Info-Tech. Universal Towers. Callbook, ARRL, Asiat ic,  
Shure. We service everything we sell! Wri te or cal l  for quote. You Won't be Disappointed. 

We  are iust a few minutes  o f f  t he  NYS Thruway (1-90) Exit 32 

I PRETUNED - COMPLETELY ASSEMBLED - a FOR ALL MAKES d MODELS OF AMATEUR 
ONLY ONE NEAT SMALL ANTENNA FOR TRANSCEIVERS - TRANSMITTERS - 
UP T O  6 BANDS1 EXCELLENT FOR CON- GUARANTEED FOR 2 0 0 0  WATTS SSB I 
CICHT-- STRONG - ALMOST INVIS~BLE I ALL CLASS AMATEURSI I 
COMPLETE AS SHOWN wnh 9 0  ft. RG58U-52 ohm feedllne. and PL259  connector, Insulators. 3 0  ft. 
3 0 0  Ib. test dacron end wpports. center connector wtth buln In llghnlnp errester and statlc dhcbree - 
molded, sealed, weatherproof, resonant traps l"X6"-you Just swltch t o  band dellred f a  excellent worldwlda 
operation - transmntlng and reclevlngl WT. LESS THAN 5 LBS. 

160-80-40-20-t5-t0 bands 4 trap ---I69 ft with 9 0  11. RG58U - connactor - Model 1060BU . . . 599.95 
80-40-20-15-10- bandr 4 trap - 9( f t  wnh 9 0  ft. RG5BU coax - connector - Model lO8OBu.. . 596.95 
40-20-15-10 bands 4 trap --- 45 it. wRh 90 11. RC58U coax - connector - Model 1040BU . . . $92.95 
20-15-10 bandr 4 trap --- 2 3  (1. wRh 9 0  tt. RG58U coax - connector - Model 1002RU . . . . . 689.95 

SEND FULL PRICE FOR POST PAID INSURED DEL. IN  USA (Canada k 55.00 extra for posta e - 
clerlcal - customs - etc.) or order mlnp VISA Bank ~msrlcard' - MASTER CHARGE - AMER. EX-  
PRESS.Glva number and ex. date. Ph 1-308-236-5333 SAM - 6 P M  w6ek days. We S W  In 2-3  dmys. 
ALL PRICES WILL INCREASE . . . . SAVE - ORDER NOW! AM antennas guaranteed for 1 year. 10 day 
money back trial If returned In new condaionl Made In USA . FREE INFO. AVAlLABlE ONLY FROM. 

WESTERN ELECTRONICS Dept. AR- 2 Kearney. Nebraska, 6 8 8 4 7  



STEP UP TO TELREX R/ 
WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" K I T  

1 THE IDEAL HI-PERFORMANCE 
INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 

MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 

Telrex "Monarch" (Trapped) I.V. Kit 
Duo-Band14 KWP I.V. Klt $88.50 

Post Paid Continental U.S. 

Optimum, full-size doublet performance, independent of ground conditions1 "Balanced- 
Pattern", low radiation angle, high signal t o  noise, and signal to  performance ratio! 

I Minimal support costs, (existing tower, house, tree). A technician can resonate a 
1 Telrex "Inverted-Vee" to  frequency within the h o w l  Minimal SIWIR is possible i f  

1 installed and resonated to  frequency as directed! Pattern primarily low-angle, Omni- 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 
Complete simplified installation and resonating t o  frequency instructions supplied wi th I each kit. ,----. 
For technical data  and prices on complete 
Telrex line, write for Catalog PL 7 (HRH)  

HA-2 HORIZONTAL/1/ERTIUU 
2 METER ANTENNA 

lhe HA-2 b a low prallle ha# -, hodzon(olk 
pobbd cfnnldteclkmal 2 meter onbnm. AC 
lhough me HA-2 w s  dmIgnedf0rmoM)e operolbn. 
nwlllwon~araRxedorpa)aMeanbnnoondL 
m a n  size the troveling ham w!4h a? 
ontenno tho! can easily be pocked In a LxWcom. 
he HA-2 c- ccmpl& w!4h RGISb, whkh b bd 
mrough me cent- d me M(1 secllan. PL-259 RF 
connecluand 3/8 2Artud bare.AmlnguHermwnl 

non. *lCh ha"-A 
r o ~ m o n ~  
tlny la the HA-2, a 
m chalge m 
o@lm mount hm been 

SmMmian 

Goin 
VSW 

Bondwldm 
knpedaw 

Powec 
Elemerlt s h  
MOSI Lmgm 

Barn 

7- 

d e r l g n e d  allowing 
vertlCO1 u hotkOn(a1 
w. c- 
change con be mods 

ontvarcrewdrhrer. 

F.C.C. - C d l b d  i """" 
~ c ~ a ~ ~ l o  
SEM CON Inc.. Box 2751. @- 
Po- Vudes. CA 90174 

'Mrlkd &mge m mwnl8.95. 

M O D E L  4431 T H R U L I N E "  

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 

SIGNAL SAMPLER - BUILT I N  
I N  STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER, M I  48063 

CALL TOLL FREE 
800 - 521-2333 

I N  MICHIGAN 313 - 375-0420 

Operate Legally without 
An FCC License in 

the 160-190 kHz Band fl r$:&!- 

.* .-, 

w 
LOW & MEDIUM FREQUENCY RADIO 
SCRAPBOOK (3rd Edition) 

by Ken Cornell, W2lMB 
Here's your chance to get on the alr and have some 
legal I~cense-tree excitement In the 160-190 kHz 
range Explore the ent~c~ng world ot the low Irequen- 
cles and uncover some new tun1 Complete deta~ls on 
assembling homebrew to work these lrequencles 
plus lull Into on FCC rules and regulat~ons A book 
you lust can't afford to mlss 110 pages 01977 
U HA-LF Softbound 56.95 

ADDENDUM '77/'78 
for the Low & Medium Frequency 
Radio Scrapbook 

by Ken Cornell, WLlMB 
Even more gwdles from the 160 190 kHz reglon. 
Addendum '77/'78 IS des~gned to complement The 
Low & Med~um Frequency Radio Scrapbook The 
techn~cal data IS excellent and wlll prov~de you "low- 
lers even more ~ntormat~on, appllcat~ons, and tech- 
nlques tor these entlclng frequenc~es Latest revlsed 
FCC rules governing the npn l~censed communlca- 
tlon bands 68 pages ~11977 
UHR-LFA Softbound 53.95 

Be a LOWFER 
J o ~ n  the fun and get on 
160-190 kHz t h l s  wlnter 

Send your order today or call 
TOLL FREE 

1 (800) 258-5353 
C l ~ p  8. Mall Today! 

HR-LF $6.95 
UHR-LFA $3.95 
Plus shipping - $LOO 

Total enclosed- 
OCharge q MC 'ilVISA 
Expiration 
Card Number 

NJnn 

Mdrar 

w 
am AP 

Ham Radio's Bookstore 
GREENVILLE. NEW HAMPSHIRE 03048 

- - 

More Details? CHECK-OFF Page 94 



The new EX-1 Speech Processor Kit features split-band speech 
processing - a new technique more effective than rf clipping that 
offers high performance with low distortion; described by N7WS in 
the September issue of Ham Radio. The DX-1 provides up to 15 dB 
increase in average talk power with shaped audio response for 
improved intelligibility, but maintains your natural voice quality. 
Installs simply between your microphone and transmitter. 

I ncmad  talk power: Up t o  15 ~~~~i~~~ ,2 vdc 
dB, adjustable (10 d B  recommended at 200 m~ 
under most  operating conditions) 

$69.95 
Frequency response: 350 Hz Add $10 for bui l t- in AC power supply 

2.4 kHz at 3 d B  down (200 Hz - 3 Ask for FREE CATALOGof kits and parts 
kHz at 12 d B  down) lor the homebrewer. 
Harmonic Distortion: Less than 
12% at 1 kHz w ~ t h  10 d B  cl ipping 

I BOX 429-H. HOLLIS. NH 03049 (603) 465-7660 1 

- .  

The 
WA2ZOT 

AT YOUR DEALER - 
BILUIIS-TRIPS-INSULATORS 

#K)O WATT LO-PASS Q U I D  P IRTS.ANTENNA K I T S  
BOOM/MAST MOUNTS. W I R E  

0 LIFETIME GUARANTEE C ~ 8 L E . C O N N E C T O R S  
The only LePass you'll 
m r  need Write or ca l l  for full catalog 

1 S S I S 1 1 I C t ?  
call: wuen CIIIIISOII. W ~ Z Z O T  

1 o I I . i r e e  800.448.1686 
( U s  col lect  315.437.3953) 6743 NIWWE SlREEl. EAST S V I A C V I E  NEW VORN lM5l  - - -- 

--- _ DEALERS WANTED - OVER 300 WORLD.WIDE-1% - - 
-- - - - - 

NTENNA CONNECTOR 
nvc our (lro 11 dqooas connsclov nsa c o r x  
SO 239 .0 (kol  rnolosd mnlo aA.rs llllm0 OlaSls 
m y  lo arcrnt coax PL 259 nha on !Wl lnc  
m,D caphmo. coax 1~1vtna~ or, ~nr!ruc!mon- tn 

~ i ~ d r d  G u a * a n l o d  1 1  rout de.1~1 or 15- 
p4,pld I rn"."lon lnl"lalorl$l 1Yp 

BUDWIG MFG. CO. PO cox 829. ~rnons .~192~~5 
Ca Rss add 6% Sales Tax 

I PAY CASH 
for your military surplus electronics 
If you have or know of availability: 

TT-98 TT-76 Teletypewriter 
phone me collect 

Dave - (21 3) 760-1000 

I Hildreth Engineering I 1 P.O. Box 60003 ~un&vale, CA 9 4 0 8 8  I 

When it comes to 
AMATEUR 
RADIO QSLYs . . . 

ONLY BOOK! 
US or DX Listings 

NOW READY! 
Here they are! The latest editions. World- 
famous Radio Amateur Callbooks, the most 
respected and complete listing of radio 
amateurs. Lists calls, l~cense classes, ad- 
dress information. Loaded with spec~al 
features such as call changes, prefixes of the 
world, standard time charts, world-wide QSL 
bureaus and more. The new 1980 Radlo 
Amateur Callbooks are available now. The 
U.S. Edition features over 400,000 listings. 
over 120.000 changes f r m  last year. The 
Foreign Edition. over 315.000 listings. over 
90.000 call changes. Place your order now. 

~ a c h  Shlpping Total 

; US Callbook 51695 51 75 $18 70 

[ ?  Fas~gn 
Callbook 11595 11 75 $17 70 

Ordn bolh books at Ihe same lime lor $34 65 ~ncludes 
shlpplng 

Order from your lavorr1e electronics dealer or dlrect from Ihe 
publisher AII dlrect orders add $1  7 5  lor shlpplng llllnas 
resfdents add 5% Sales Tax 

SPECIAL LIMITED OFFER! 
Amateur Radio 
Emblem Patch 

AMCII UR RADIO only $2.50 postpaid 

Pegasus on blue field, red lettering. 3 "  wide x 
3" high. Great on jackets and caps. Sorry, no 
call letters. 

ORDER TODAY! 

RADIO AMATEUR I I I I 

call book INC. 
De~t .  FB 2 

M o r e  Deta i ls? CHECK-OFF P a g e  94 february 1980 89 



W A N  
METERS 
THE TOP 

OF THE LINE 

author rzpd deaic~rs 

@-AM A d vlsrwr 01 Cubrc Lomrnunrcnl~ons In' 

305 A~rport Rd Oceanslde Ca 92054 
(714) 757-7525 

Coaxial RF Probe for Frequency Counters and 1 Dsci l lo~~opes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

plus 1 .OO postage 

FINALLY! A RF PROBE that lets you con- 
nect into your coax cable for frequency 
measurements and modulation waveform 
checks directly from the transmitter. 
JUST CONNECT THE CoaxProbe* into 
your transmission line and plug the output 
into the frequency counter or oscilloscope. 
Insertion loss is less than .2db so you can 
leave it in while you operate. 
A NECESSITY IN ANY WELL-ORGAN- 
IZED HAM SHACK. the CoaxProbe' 
elirnlnates "jerry-rigging" and hassles 

1 when tapping into the coax line is desired. 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a 
wide variation of power. Power output of 8 
watts gives .31v out. while 800 watts will 
give 1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts 
PEP rating loo! 

'Trademark of Eagle Electronics 

USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe* has a range 
of 1.8 to 150 mhz. 
MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of pro- 
per bandwidth, you can check your 
modulation for flat-topping, etc. Ideal for 
adjusting the speech processor. 
NOW YOU CAN MONITOR SIGNALS 
when connected to the dummy load, 
eliminating unnecessary on-the-air radia- 
tion. 
AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If not 
satisfied, send it back for refund (minus 
shipping charges). 
Order today from: 

Eagle Electronics 
Box 426 C, Portage, MI 49081 

Michioan Res. Add 4 %  Sales Tax 



r ammmmm 
Announcing 'I 

I aBRAND-NEW I 
I line of I 
I CRANK-UP TOWERS 
I MASTS I 

andACCESSORlES I 
TRlSTAO & PRATT TOWER c 0 . I  

I 3635 W e s t  LaV ida  
Visalia. CA 93277  

(209) 733-2438 

I 

i We'll be at MIAMI! 

mmmmmm 
Seven* new 
finger talkers 

from CURTIS 
EK480. C-MOS Oaluxa Koyar ............... $13495 

* EK480M: Abow plus rpssdmatar ........... 149.95 
1480: IndrucloMats ............................. 124.95 
M480: MsmoryMala ............................. 124.95 
IM480: inrtruclo-MamwyMatr ............... 179.95 
K8480: Mona KsyboardMlta ................ 189.95 

* KB4800: Morrs Keyboard ..................... 349.95 
.............. 8060: Ksysr-On-A.Chlp(nap~mm~ 14.95 

Ipr '75 HR. ~ a b  '78 OST. RI~IO ~dbt 75. MRL nm 77-79 
8044-3: iC. PCB. Sockal. Manual ................... 24.85 
80444: Ssml-Klt ......................................... 54.95 
8045; Morra Ksybwrd-On-A-Chlp IC ............. 59.95 
8045.1: IC. PCB. FIFO. Sockelr. M a m l  ......... 89.95 
6045-2: Sml-Klt ..................................... 159.95 
8046: Inrtructokayrr-On-A-Chlp IC ................ 49.95 

...................................... 8046-1: Ssml-KII 79.95 
8047: Msrrags Memory-On-AEhlp IC ............ 39.95 
8047-1: IC. PCB. RAM. Sockafr. Manual ......... 69.95 

(add 11.15 on abna lor pasla01 and hradllngl 
IKUOA: lnrtructoksysr (Mar '76 gST) ........ 22495 

Curtlr Elactm Oevicar Inc. 
~151i.m 

)*I: URO. Iw11(111 VIIW. U OIOIO 

HAVE BARRELS OF FUN- WITHOUT 
DRAINING YOU DRY! WHY PAY FOR 
USELESS FRILLS? 
LET US HELP YOU WlTH YOUR 
REPEATER PROJECT 

NOW AVAILABLE STOCK FRO 
"wp.eaCes& ccd'irnite 

a diu id io*  a6 
2. 

crceatiee et?ect%a& ' 
Y O U R  ONE-STOP REPEATER SHO 
GET AN EXCELLENT BASIC 
DESIGNED REPEATER WlTH 
DEPENDABLE PERFORMANCE ! 
I N  STOCK-READY TO SHIP- 

VHF ENGINEERING 
REPEATERS FOR ALL AMATEUR 
BANDS A L S O  N E W  ACCESSORY I T E M S  

J U S T  C A L L  OR C O N T A C T  : &£it' 02 j ~ d i  
P.O. BOX 7054 
MAR1 ETTA , GA. O R  O U T S I D E  G A  

30065 800 2 4 1 - 4 5 4 7  - 
we accept pi=] I5Fq 

i 

ERC Promises Up To The Minute State-Of-The-Art 
Design and Performance 

Four Simultaneous Filters rn One for Unparalleled QRM Free Reception (SSB & CW) 
* Plus a Special Patented CW Processor * 

The brand new SL-56 Audio Active Filter 
supercedes our SL-55 in both concept and 
performance. Consolidation of many components 
has allowed us to make 13 operational amplifiers 
(compared to 6 in the SL-55) into a filter 
guaranteed to out perform any other at a cost only 
slightly higher than the SL-55. The features of the 
SL-56 are so advanced from its predecessor that 
calling it the SL-55A is not justified. Unl~ke other SL-56 

fllters that simply offer a choice of one or two filter 
Audlo Actlve Fllter 

(3.5 5.5 - 7.5 Inch-) 
WDes at a time (notch, bandpass. etc.) SL56 
prov~des what IS really needed - thes~multaneousact~on of a 6 pole 200 Hz f~xed hlghpassfllter and 
a 6 pole 1600 Hz f~xed lowpass fllter w~ th  a 60 dB notch whlch IS tunable over the 200-1600 Hz 
range Thls 3 fllter comblnat~on IS unbeatable for the ultimate In ORM free SSB recept~on Adjacent 
channel ORM IS eltrnlnated on the htgh and low s~des at the same tlme and does not lntroduceany 
hollowness to the deslred s~gnal On CW the SL-56 IS a dream The lowpass, h~ghpass and notch 
f~lters are engaged along w~th  the tunable bandpass fllter (400-1600 Hz) prov~dlng the needed 
actlon of 4 simultaneous fllter types The bandpass may be made as narrow as 14 Hz (3dB) 
Addlt~onally, a spec~al patented clrcult follows the fllter sect~ons whlch allows only the peaked 
slgnal to "gate ttself' through to the speaker or headphones (8-2000 OHMS) Recelver nouse, rlng 
and other s~gnals are rejected Thls IS not a regenerator, but a modern new concept In CW 
reception The SL-56 connects In serces w~ th  the recelver speaker output and drlves any speaker or 
headphones w~ th  one watt of aud~o power Requlres 115 VAC Easlly converted to 12 VDC 
operation Coal black cab~net and wrlnkle gray panel 

Warranted O n e  Full Year  Ful ly  R F I  Proof  Ful ly  W i r e d  a n d  Tes ted  Available N o w  
$79.00 Postpald in t h e  USA a n d  C a n a d a  V ~ r g ~ n l a  Resldenls Add 4 %  Sales Tax 

Attenrron SL-55 Owners The Crrcu~t Boardol theSL-561s Completely Cornpatable wtth 
the SL-55 Chass~s Our Retrolrt Krt rs Avarlable at $40 00 Postpard 

Electronic Research Corp. of Virginia 
P 0 Box 2394 Vlrglnla Beach. V~rglnla 23452 Telephone (804) 463-2669 

M o r e  Details? CHECK-OFF P a g e  94 february 1980 91 
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Practical Antennas for the 
Radio Amateur 

You've never seen an antenna book quite like thisl It tells you 
how to choose, use and build your antenna system. Here's 
what you get: 0 How to build practical beams, quads and 

wire antennas 0 Computer-generated beam headings to 

\ 
every known country in the world 0 Charts and tables to 

eliminate tricky calculations 0 Practical ideas for the 
newcomer 0 OSCAR antennas 0 Complete bibliography 

of magazine articles on antennas 0 Antenna safety 
0 Trick antennas for portable work 0 Tips on how to 

keep your antenna up. Durable vinyl cover. Only $9.95 

0 
u I PI+-' 

Personal lnformation Management p- 
System 
Keep an automatic log. Compare anten- 
na performance. Catalog your parts and 
equipment. Keep a mailing list for  your 
club. Plain-talk booklet tells how. In- 
cludes ready-to-use program for home 
computer systems. A bargain at just ------- 

.I.---.- - - 
C.4. A"..*,.. 

$9.95. ._..I * 

Brand New Antenna Book! I 

New format.. . Big diagrams. . . Easy-to-read Introduction to Low Resolution WRAP4 
By well-known author, Robert Myers, W1XT GRAPHICS 

Produce amazing computer graphics - 
even ~f you can't draw a stra~ght line. 
Literally! Learn how to  draw lines and 

In a Hurry? Order Toll Free 1-800-258-5353 shapes, make graphs, draw plctures 
and even do  animation. A l l  the simple rm------------------------- 1 secrets are contained in  this brand new 

Greenville I book. Only $9.95. ; Ham Radio's Bookstore NH 03, , 
kad 
C 

O ~ r a c t i c a l  Antennas OPersonal Information Management System 
Introduction to  Low Resolution Graphics Calculating wi th Basic 

Name 

' Street 

City State- Zip 

Please enclose proper amount fo r  books plus $1.00 shipping or  credit 
card information. 

Calculating with 
BASIC 
Use a home computer t o  calculate MI- 
tage across a capacitor, f ind the value of 
inductance, determine the capacitance of I 

w i t h  

:c 

parallel plates, compute the time t o  
charge a capacitor and convert power, u 
voltage and current t o  decibels. A l l  the ~ $ ~ ~ ~ ~ { ~ ~ ~ ~ { . ~ ~ ~ ~ '  :., 
routines needed and morel Just $7.95. C .  

More Details? CHECK-OFF Page 94 february 1980 93 



laverrisers v 
check-off 

. ...  for literature. in a hurry we'll 
rush your name to the companies 
whose names you "check-off" 

Place your  check m a r k  i n  t h e  space 
n a m e  a n d  n u m b e r  . Ex: Ham Radio  _$,2" ;yn 
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VALENTINE VALUES 

Cushcraf t  "bcomeP . . . . . . . . . . . . . . .  $ 69.95 
OMNI-J 2 Meter Antenna ........... 39.95 
Tonna F9FT Antennas 144/16 el ...... . 5  9.95 
Kl i tz ing VHF.UHF Ampl i f iers 

2 M  10W in . l 0 0 W  Out  ........... .179.95 
432 10W in . 50W Out  ............. 189.95 

Bi rd  43 a n d  slugs . UPS paid in USA .. .  s tock  
Microwave Modu les  . less 15% o f f  list s t o c k  
Telrex TB5EM . I n  s tock  ............ .415.00 
N e w  Telrex TB5ES . 2 K W  pep version 315.00 
N e w  Palomar Engr . Trans . Preamp . . . .  89.50 
Bencher Paddles - $39.95 Chrome . .  . 4  9.95 

Vibroplex paddles in stock, plus bugs . 
wr i te  for pr lces . 

€TO 76 Ampl i f iers . . . . . . . . . . . . . . . . . . .  stock 
Lunar 6M-2M-220 In Line Preamps ... . 4  9.95 
Janel OSA-5 . . . . . . . . . . . . . . . . . . . . . . .  . 4  1.95 
HAM-X Tai l twister Rotor . . . . . . . . . . .  189.95 

H A M 4  Rotor . . . . . . . . . . . . . . . . . . . . . .  139.95 
Cet ron  5728 ....................... . 2  9.50 
N e w  HDI H C 1 4 0 0  144/148MHZ, 25 wat t  . 

Synthesized 2 meter transceiver . 349.00 
Remote digi ta l  readout . . . . . . . . . . .  49.95 

Motoro laHEP170 . . . . . . . . . . . . . . . . . .  0.29 

Mal lory 2.5A11000PIV epoxy diode . . .  0.19 
Aerovox 1000PF1500V Feed thru  cap ...  1.95 
T e c h n ~ c a l  Books: Ameco . ARRL, Sams, Tab . 

Rider . Radio Pub .. Cal lbook . C o w a n  . 
W R N H .  e tc  . . . . . . . . . . . . . . . . . . . . . . .  .Call 

N E W  Belden 9405 (2116XM18) 8 w i re  rotor 
cable. heavy du ty  for  long runs  . . . .  0.32111 
8448 8 wlre rotor cab le  . . . . . . . . . . . .  0.201ft 
9888 double shield RG8 Foam . . . . .  0.461ft 
8214 RG8 F o a m  . . . . . . . . . .  .. .. . . .  0.261ft 
8237 RG8 Regular . . . . . . . . . . . . . . . .  0.231ft 
8267 RG213 . . . . . . . . . . . . . . . . . . . . . . . .  0.30 

Amphenol Silver Plate PL259 (831SP) . . .  0.69 
Belden 14 g a  . stranded antenna w i re  

18000 . . . . . . . . . . . . . . . . . . . . . . . . .  0.06111 
Times '/z" F o a m  Hardl ine $0.65111. - 

Connectors, e a  . . ............. .. .. 15.00 
Berktek RGBX . 52 ohm, KW. per 11 . . . . . .  0.16 
Robot "Slow Scan" N o w  in Stock  . . . . .  .Call 
Al l iance HD73 Rotor . . . . . . . . . . . . . . . .  109.95 
Teletow'r-self supporl- 

. . . . . . . . . . . . . . . .  55 fVw breakover .54 9.00 
40 fVw breakover . . . . . . . . . . . . . . . .  .39 9.00 

Telrex antennas? I n  Stock!  Monobanders? 
You bet!  

Look ing  for antique parts? 
Wr i te  speci f ic  need t o  W5GJ . 

THIS MONTH'S SPECIALS: 
lcom IC701, AC, MIC - $1,195.00 
NEW ICOM IC255A, 2M - $349.00 
Dentron GLA 1000 Amp . $319.00 
Dentron Clipperton L - $499.00 

(Limited Qty.) 
New Price $599.00 after current 

supply runs out . 
Kenwood TS700SP $599.00; 

TR7625 $399.00; 
TR7600 $299.00; RM76 $99.95. 

Limited Qtys . 

MASTERCHARGE VISA 

AII prices fob Houston except where indicated . 
Prices subject to change without notice. all items 
guaranteed Some Items subject prior sale . Send 
letterhead for Dealer p r~ce Ilsl . Texas residents add 
6% tax Please add postage estlmate 51.00 
mlnimum 

MADISON 
ELECTRONICS SUPPLY, INC . 

1508 McKlNNEY 
HOUSTON, TEXAS 77002 

71 31658-0268 
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. . . . . . . . . . . . . . . . . .  Ehrhorn Technological operations 90 
. . . . . . . . . . . . . . . . .  Electronic Research Corp of Virginia 91 

Fox.TangoCorp . 92 
. . . . . . . . . . . . . . . . . . . . . . . . .  G 6 C Communications 52 
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. . . . . . . . . . . . . . . . . . . . . . . . .  Hal Communtcations Corp 35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hal-Tronix 57 

Ham Radio's Bookstore . . 59.60.68.70.72.76.84.88.92.93 
Ham Radio Magazine . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
Heath Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
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International Crystal Mfg . Co . . . . . . . . . . . . . . . . . . . . . . .  68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . JS 6 A Group Inc 77 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Jameco Electronics 61 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  JanCryslals 81 
. . . . . . . . . . . . . . . . . . . . .  . . Jones Marlin P 6 Associates 85 
. . . . . . . . . . . . . . . .  Ti i -Kenwwd Communications Inc 48.49 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LarsenAnlennas 18 
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. 
,I \\ 1 \ \ \Exterior antenna Item No 8386 I 

\\ \\X\\ Transmitting voltage 
snarply runea or 

and receive signal amplifier stages p 
f,.. ....... r, .........- lus FET'S in the 1st and 2nd mixers 

.mn,u,n , , ~ ~ ~ ~ ~ ~ , ~ i t y  to out-of-band signals. Inter- 
modulation dlstortton and cross modulat~on. 
Separate microphone and speaker elements foren- 

\ Transmit indicator 
hanced audio. 

-'- ble mic preamp-a Hy-Gain exclusir 

I \ ~ a t t e r ~  case 
- . V,.. .'.""..."" "".I 

a Cnmnr ~nmnlnta, 

!I case seals out water, dirt and cor- 

Watertight, high-impact ABS plastic case-ribbed for 

Transmil/receive swltch I mMkrO*O" non-si~p grip. 

Tnn mnlln*-,+ ~ " i t r o l s  for instant access. 
- ,,...,, ,, ...,. ,., with 146.52 crystals only. 

Earphone jack 1 watt outout 112 VDC inout) - - 

I - 
External DC 1 2 ~  jack Operates on ~ " ' A A "  batter~es or 

opt~onal NiCad battery pack 

ltem I ACCESSORIES ,, 
Description 

A8302 NlCad battery pack 24.95 

A8327 Touch tone pad 29.95 
1 

AC battery charger 4.95 

C~garette l~ghter 
adapter cord 

Carry~ng case 

A8328 34/94 crystals 7.95 a pair 

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 
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"WAYFARER" 
The introduction of the "WAYFARER" by Yaesu is the beginning of a new era in compact solid state 
transceivers. The FT-707 "WAYFARER" offers you a full 100 watts output on 80-10 meters and operates 
SSB, CW, and AM modes. Don't let the small size fool you! Though it is not much larger than a book, this is a 
full-featured transceiver which is ideally suited for your home station or as a traveling companion for mobile 
or portable operation. 
The receiver offers sensitivity of .25 uV110 dB SN as well as a degree of selectivity previously unavailable in a 
package this small. The "WAYFARER" comes equipped with 16 poles of IF filtering, variable bandwidth and 
optional crystal filters for 600 Hz or 350 Hz. Just look at these additional features: 

FT-707 with Standard Features 

Fastlslow AGC selection 
Advanced noise blanker 
Built-in calibrator 
WWVIJJY Band 
Bright Digital Readout 
Fixed crystal position 
2 auxiliary bands for future expansion 
Unique multi-color bar metering-monitors 
signal strength, power output, and ALC voltage. 

FT-707 with Optional W-707DM 
& Scanning Microphone 

Choice of 2 rates of scan 
Remote scanning from microphone 
Scans in 10 cycle steps 
Synthesized VFO 
Selection of receiverltransmitter functions 

from either front panel or external VFO 
a "DMS" (Digital Memory Shift) 

Impressive as the "WAYFARER" is its versatility can be greatly increased by the addition of the FV-707DM 
(optional). The FV-707DM, though only one inch high, allows the storage of 13 discrete frequencies and with 
the use of "DMS" (Digital Memory Shift) each memory can be band-spread 500 KHz. These 500 KHz bands 
may be remotely scanned from the microphone at the very smooth rate of 10 Hz steps. 

The FT-707 "WAYFARER" is a truly unique rig. 
See it today at your authorized Yaesu Dealer. VABBU 

The radio. V 

YAESU ELECTRONICS CORP., 6851 Walthall Way, Pammount, CA 90723 (213) 6334007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Princeton-Glendale Rd.,Cincinnati ,OH 45246 00 



out of 25 kW 
FM transmitter design. 

I 

New cavity 
amplifier and 
tetrode combo. 

The new E IMAC 
CV-2200 power am lifier d" cavity assembly an com- 

anion 8990 tetrode is ready 
For use in next generation 
FM transmitters in the 
88-108 MHz band. 

E IMAC engineered 
interface provides capability 
between tube and cavity 
design and the result is an 
amplifier of classic simplicity 
that combines a useful power 
output of 25 kW with a stage 
gain of approximately 20 dB. 
These numbers make a one tube, 
high power FM transmitter a 
reality today. 

Cost effective modem design. 
EIMAC's cost-effectiveness 

and modern design are yours in the 
new cavity and tube combo. Antici ate 
reduced transmitter down-time an c f  
higher revenues with this new amplifier 
concept. Make sure your new transmit- 
ter is E IMAC equipped. 

YY For full information on the CV-2200, 
the 8990 (25 kW) and the 8989 (15 

@ 
kW) write EIMAC, Division of Varian, 

301 Industrial Way, San Carlos, California 
94070. Telephone (415) 592-1221. Or  con- 
tact any of the more than 30 Varian Elec- 
tron Device Group sales offices throughout varian the world. 
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