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The ICOM 740 provides 
competition grade receiver 
performance with superb 
dynamic range in excess of 
400dB and a intercept point of 
+18dBm plus pass band tunlng. 
variable AGC. and a noise 
blanker that works, all standard, 

The IC-740PS AC power 
supply installs in under 30 
minutes, making the IC-740 the 
ideal self contained rig for both 
summer vacation portable 
operation, as well as your main 
home rig . . . The benefits of 12 
VDC and AC operation in one 
compact package. 

For the ham who 
appreciates quality, get a 
competition grade receiver. rock 
solid solidstate transmitter. 
internal AC/DC power supply 
with cooling fan, and a 
microphone all for the price of 
the transceiver. Get extra 
savings while getting an ICOM 
IC-740.. . simply the best ham 
transceiver in the world today . . 

. . . Offer subject to 
equipment availability. . . at 
your authorized ICOM dealer. . 

The World Systerr 
1st lCOMAmeiico.lnc., 21 12-1 16th Ave NE, Dellewe, WA 98004(204)4544155 / 3331 Tavvwwood Drtve.kri~307, Dallos.M 75234(214)620-27C 
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The Commercial Grade Communications Receiver that 
everyone has been asking for ........ at a price you can afford! 

GENERAL COVERAGE 
RECEP-IQN AT Is% P,C5s 

Listen to the world of HF with the 
R70, a I OOKHz to 30MHz commercial 

? mde receiver designed by ICOM 
ncorpomted, the leader in advanced 
receiver design. Duilt from knowledge 
gained by designing receivers for 
commercial, marine, and amateur use, 
the R70 surpasses other receivers on 
the market ... even receivers costing 
more than twice as much. 

Utilizin ICOM's DFM (Direct Feed 
Mixer), the R 3 0 is a receiver which in 
normal usage is virtually immune to 
intermodulation distortion or cross 
modulation, yet still mainmins su r ri or sensitivity. Whether you are a S L 
(short wave listener), Ham (amateur 
mdio opemtor), maritime operator or 
commercial user, the R70 provides the 
features you need. 

DESIGN 
The R70 incorpomtes an UP 

conversion system, utilizin a direct 
feed mixer proven to be %e best 
design for minimizing interference from 
strong adjacent signals. A preamp is 
provided for makin the weakest of 
signals wadable. Jgh gmde filters in 

conjunction with the built-in PDT (pass 
band tuning) system and notch filter. 
provide the ultimate in interference 
rejection. Selectable AGC 
(fast/slow/off), noise blanker (wide or 
narrow). and tone control improve 
readability under the worst conditions. 
An AGC derived squelch, operative in 
all modes, adds to o rating ease. 

Dual VFO's wighree tuning 
mtes provide quick QSY (frequency 
change), memory for an important 
station, or bye  ualizin the VFO's 
(A=D), a digiml$lT. 138 VDC 
opemtion is provided as an option. 
1 17 VAC is standard. 

The R70 is an ideal eneml 9 coverage receiver to comp ement any 
ham shack. Use it with your existing 
tramsminer or transceiver to provide 
dual receiver capability. 

The R70's built-in monitor system 
lets you listen to your own transmitted 
audio and a mute input automatically 
protects the R70's receiver from your 
signal. 

An option for FM allows listening 
to the 10 meter FM activity. 

As an additional plus to ICOM IC- 
720A owners, the R70 has an optional 

interface that will allow the R70 to 
control the transmit frequency of the 
720A for the ultimate in hamming 
versatility. 

SWL'IMG 
For the shott wave listener. the 

readout section of the R70 gives all the 
information for logging a station to be 
returned to at a later time. Frequency, 
mode, MO, si nal strength are all 
displayed. A 801 lcxk prevents 
accidental loss of a signal. 

A front mounted speaker 
provides 3 wons of crisp clear audio. 
A record jack allows easy attachment 
of a tape recorder. 

ICOM SYSTEM 
Like all ICOM HF products. the 

R70 fits into the ICOM system concept 
of accessories allowing you to use 
previously purchased accessories such 
as the HPI  headphone, SP3 external 
speaker, and AH1 auto bandswitching 
antenna. 

PRICE 
Check with your local ICOM 

dealer for pricing on the R70. You will 
be amazed. 

The World Swtem 
ICOM Amenco Inc 21 12-1 16ft-1 Ave NE Bellewe WA 98004(206)4546155/3331 Towewood Dnve Su1re307 Dollas lX 75234(214)620-2780. 
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Antennas . . . Antennas . . . Antennas 
Our May issue has historically been our antenna issue and this year will be no exception. Within the pages of this, our fattest issue in a 
long time, are twelve articles on antennas of all sizes, shapes, and applications. Let me, if I may, be your guide through the next 136 
pages or so and provide you with a summary of the various articles contained within. 

We start with part one in a series of articles on phased vertical antennas by Forrest Gehrke, K2BT. Forrest, you may recall, pro- 
vided us with "A Precision Noise Bridge" in the March, 1983, issue of ham radio. He, like so many of us, is not satisfied with copying 
previous designs and letting it go at that. He must look into things, carefully examining the technical reasons for the correct operation 
of devices. It is with that approach that he examined the interrelated properties of phased vertical arrays - perhaps more closely than 
has ever before been done in the pages of a ham journal. 

Part one of the series explores incorrect assumptions accepted by many (and unfortunately used by many) in their designs of 
antenna systems. Foremost among these incorrect assumptions is the concept that mutual coupling between elements can be ig- 
nored. Following close behind is the argument that, if an array requires equal current drive, then driving each element with equal 
power will always satisfy that requirement. Forrest leads us from the theoretical design to actual drive-network hardware, and shows 
us how a repeatable 30 to 40 dB FIB ratio is achieved. Like W2PV's series on Yagis, Forrest's series on phased verticals will be both 
interesting and useful. 

K4MT shows us how it is possible to use one wire array over the widest (percentage bandwidth) Amateur band while not exceeding 
a 2: l  VSWR. His stagger-tuned dipoles cover the 13.3-percent-wide 80-meter band, producing a W-shaped SWR curve. This same 
design technique is easily applied to 160, 40, and 10 meters with their percentage bandwidths of 10.5, 4.2, and 5.9 percent, re- 
spectively. 

For a change of pace, a few shorter articles by KSCZB, AAGPZ, WGSAI, and WA8DXB illustrate interesting ways of providing 
superior performance with little expenditure of time or money. K9CZB shows how an auto replacement antenna and a CB whip can 
combine to give broadband, durable mobile capability on the 20-meter band. AAGPZ illustrates three different 2-meter antennas or 
improvements that are lightweight and easy to build. His last design is a 10-dB-gain collapsible four-element Yagi. This weekend pro- 
ject will help you raise those distant repeaters that your handheld previously struggled to  access. W6SAI brings us back to basics with 
his discussion on the various shapes and gains associated with loop antennas. He provides, in "Ham Radio Techniques," design data 
for two-element quads for the 10, 15, 20, and 40 meter bands. WA8DXB, in order to increase his station performance to Asia, repro- 
duces a four-element 20-meter collinear that holds its own against some impressive high-gain Yagis - without going above 16 feet. 

W7DHD brings us back to verticals with his examination of five different 1116-wavelength-high shortened verticals. He compares 
top loading, top and base loading, center loading, and base-only loading. He quantitatively shows us how to compute the relative 
field strength of each antenna with respect to a reference quarter-wave, without actually erecting any antennas. An eye-opener is his 
calculation showing a difference of over 20 dB in performance between a base-loaded vertical and its full-sized quarter-wave coun- 
terpart. 

John Belrose. VE2CV, a name familiar to many of us, walks us through a design of a highly efficient radiator known as a grounded 
monopole with elevated feed. This off-center-fed antenna is useful on six Amateur bands (for that matter, it can be used over the 
entire 3-30 MHz hf spectrum) and does not require traps. Its best feature is that it produces low-angle radiation at all frequencies. 

W3EB explains the significance of his 1011 1112 number sequence in his article "Log-Yagis Simplified." Imagine a 10-meter anten- 
na that achieves 11 dB (dipole) gain using only a 12-foot boom! He shows how, and creates even more interest in his longer beam 
designs with up to 15 dBd gain. He emphasizes the importance of maintaining close tolerances and using careful workmanship. 

Broadcasters have been doing it for years: KBED, in borrowing some of the same principles, shows how to produce steerable nulls 
with theoretically infinite attenuation in his article "Achieving the Perfect VHF Antenna Null." Construction details are provided for a 
trombone-type, adjustable-length phase line made from readily available hobby shop brass tubing supplies. It, and a variable-ampli- 
tude JFET preamp, are the main components for an electronically controllable antenna system of extremely high FIB ratio. If a partic- 
ular direction must be locked out or nulled (as in some repeater applications), the same electronic-control can be used in a 
transmitting array. 

Also on the subject of repeaters, K7NM shows how a low-signal condition known as shadowing can be reduced by judicious 
choice of the high site antenna. His rugged four-pole collinear uses progressive phase delay sections to tilt the beam pattern down- 
ward. This reduces overshooting the desired coverage area and cuts back on wasted higher-angle radiation from the same array. The 
article "Repeater Antenna Beam Tilting" is worthwhile reading for all clubs considering new or improved repeater site constructions. 

Rounding out this issue is an article by WB4GCS entitled "Inexpensive Connectors for Hardline." With $2.00 worth of plumbing 
materials and ten minutes of labor you can build extremely low-loss homemade connectors to use with the surplus 1-inch (2.54-cm) 
CATV hardline cable now becoming available to hams at low cost. VHF and UHF enthusiasts can now use this high-quality, low-loss 
cable for repeaters or home stations, without the cost of expensive connectors. 

Marty Hanft, KAlZM, the editor of ham rad~o, is taking his leave, after five years with the magazine, to spend some time overseas. 
He joined the staff as administrative editor in 1978, working closely with the late Jim Fisk, and has continued providing us with his in- 
imitable editing and organizational talents. We wish him all the best in his new endeavors. 

Welcome aboard is extended to Dorothy Leeds, our new assistant editor. Dorothy brings with her technical-magazine editorial and 
production skills that will be constantly called upon for our rapidly growing Amateur technical magazine." 

Keep those letters coming. Our technical forum and correspondence departments are growing as a direct consequence of the inter- 
est shown in the past few months. Please be patient with us - the flood of mail has created a little backlog - but we love it. 

Rich Rosen, KZRR 
Editor-in-Chief 

'This issue of ham rad~o IS 42 percent larger than last January's Issue 

6 May 1983 



MFJ-941C 300 Watt Versa Tuner II 
Has SWRIWattmeter, Antenna Switch, Balun. Matches everything 1.8-30 MHz: dipoles, vees, 
random wires, verticals, mobile whips, beams, balanced lines, coax lines. 

Ham Radio's most popular 
antenna tuner. Improved, too. 

Fastest selling MFJ tuner . . . because 11 has 
the most wanted features at the best prlce 

Matches everything from 1.8-30MHz: dipoles. 
inverted vees, random wlres, verticals, mobile 
wh~ps, beams, balanced and coax Ilnes. 

Run up to 300 watts RF power w t p d .  
SWR and dual range wattmeter (300 & 30 

watts full scale, forwardlrellected power). Sensl 
live meter measures SWR to 5 watts. 

M F J - 9 0 0  VERSA TUNER 

Matches coax. random wins 1.8.30 MHz. 
Handles up to 200 watts output; efflc~ent air. 

wound lnductor glves more watts out. 5x2~6" .  
Use any transceiver, sol~d.state or tube. 
Operate all bands w ~ t h  one antenna. 

2 OTHER 200W MODELS: 
MFJ-901. S59.95 ( + $4), like 900 but lncludes 

4.1 balun for use w ~ t h  balanced lines. 
MFJ-16010. $39.95 ( +  $4). for random wlres 

only. Great for apartment, motel, camplng, opera- 
tlon. Tunes 1.8.30 MHz. 

MFJ-984  VERSA TUNER I V  

Up to 3 KW PEP and 11 matches any leedllne. 
1 8 30 MHz, coax, balanced or random 

10 amp RF ammeter assures max power at 
mln SWR SWRIWattmeter. for /ref . 20001200W 

18 pos~tion dual ~nductor, ceramlc sw~tch 
7 pas. ant switch 250 pl 6KV cap 5x14~14" 
300 watt dummy load. 4:l lcnite balun. 
3 MORE 3 KW MODELS: MFJ-981, $239.95 

( + $10) l~ke  984 less ant s w ~ t ~ h ,  ammelvr 
MFJ-9112. $239.95 ( + $1 0). l~ke  984 less am 
meter. SWRlWattmeter MFJ-980. $209.95 
( +  $10). l~ke  982 less ant sw~tch 

Flexible antenna switch selects 2 coax lines, 
direct or through tuner, random wirelbalanced Ilne, 
or tuner bypass for dummy load 

12  position efficient aimound inductor lor 
lower losses, more watts out. 

Built-in 4:l balun lor balanced lines. 1 OOOV 
capac~tor spaclng. 

Works with all solid state or tube rigs. 
Easy to use, anywhere. Measures 8x2~6" .  has 
- 

M F J - 9 4 9 B  VERSA TUNER II 

MFJ's best 300 watt Versa Tuner II. 
Matches everything from 1 8 30 MHz. coax. 

randoms, balanced Ilnes, up to 300W output. 
sol~d state or tubes 

Tunes out SWR on d~poles, vees, long wlres. 
vert~cals, wh~ps, beams, quads 

Built-in 4:l balun. m. 50 ohm d u m m y M  
SWH meter and 2 range watlmeter (300W & 30W) 

6 position anlenna switch on front panel. 12 
pos~tlon alr wound Inductor. coax connectors, bind 
Ing posts, black and be~ge case 10x3~7".  

MFJ-989  VERSA TUNER V 

New smaller size matches new smaller rlgs - 
only 10.314Wx4 112Hx14-7/80'' 

3 KW PEP. 250 pl-6KV caps. Malches coax. 
balanced Ilnes. random wlres 1 8 30 MHz. 

Roller inductor, 3-dlg1t turns counter plus spln 
ner knob lor preclse Inductance control to get 
that SWH down 

Built-in 300 watt. 50 ohm dummy load. 
Built4n 4: l  ferrite balun. 
Built.in lighted 2% meter reads SWR plus for 

warrllreflectcd power 2 ranges (200 8 2000W). 
6 posit~on ant. switch. A1 cahlnel 1111 ball 

fl 163 

SO-239 connectors. 5.way binding posts. ftn. 
ished In eggshell wh~te w~ th  waInut.gralned sides. 

4 Other 300W Models: MFJ-9400. $79.95 
( +  $4). l~ke 941C less balun. MFJ-945, S79.95 
( +  $4), l~ke 941C less antenna sw~tch. MFJ-944, 
S79.95 ( +  $4),  like 945. less SWRIWattmeter. 
MFJ-943. $69.95 ( +  $4). like 944, less antenna 
sw~tch. Opt~onal mobile bracket for 941C, 9408, 
945. 944. $3.00. 

M F J - 9 6 2  VERSA TUNER Ill 

Run up lo 1.5 KW PEP: match any feed line 
from 1.8 30 MHz. 

Built-in SWRlWattmetcr has 2000 and 200 
watt ranges, forward and reflected. 

6 position antenna switch handles 2 coax lines 
(direct or through tuner), wlre and balanced Ilnes. 

4:l balun. 250 pl 6KV cap. 12 pos. inductor. 
Ceramic switches. Black cabmet, panel. 

ANOTHER 1.5 KW MODEL: MFJ-961, $189.95 
( + $1 0), slmllar but less SWRIWattmeter. 

MFJ-10. 3 foot coax with connecton. S4.95. 

1 0  I(,I 11 ~ r ~ ! o  1 i r 0 f  I o r  r~p ,~ i r  !dl115 or cdll? 
outsid? cont~nental U S and lnclde MISS call 
601 323 5869 

All MFJ products unconditionally guaranteed for 
one year (except as noted). 
Products ordered from MFJ am nturnabk within 
30 days lor lull ntund (less shtpplng). 
Add sh~pplng Q handllng charges In amounts 
shown In oarentheses 

Wr i te  for FREE catalog, over 80  p roduc ts  

MFJ ENTERPRISES, 
INCORPORATED 

Box 494. Missi~siDDi State. MS 39762 
-- - 
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20 METER U.S. PHONE EXPANSION WAS APPROVED BY THE FCC at its March 31 Agenda Meeting. 
The new bottom edge will be 14150, with an exclusive Extra slot from 14150 to 14175. The 
Advanced Class lower edge moves to 14175, while the General portion now starts at 14225. 

Expansion Of The Other HE Amateur Bands Was Held Off by the Commissioners, to be con- 
sidered in a later NPRM. When the new 20-meter frequencies will actually be available 
for use hadn't been settled at presstime, but should be about the time ybu read this. 

The 10-Year Amateur License Was Also Discussed at that same meeting. A Notice of 
Pro~osed Rulemakine, was the result. and thoueh it was not vet readv for release at Dress- 
time it's expectedvto be quite straightforwa;d. The cornmekt due date had not been set as 
we went to press, but the comment period should be short as little controversy is likely 
to be raised by this proposal. 

COMMENT DUE DATE ON THE FCC'S "NO-CODE" LICENSE proposal has been extended to June 28. 
The FCC agreed to a 60-day extension of the Comment deadline on the request of the ARRL, 
whose next Board of Directors' meeting is set for late April. The League's final position 
on that bitterly contested issue won't be set until that meeting, and the original April 29 
Comment due date would not have allowed the League enough time after the meeting to prepare 
and submit its comments. 

Organized Opposition To A "No-Code" License has been developing in several areas. "Grass- 
roots" anti-"No-Code" groups are reported active on both coasts, and one is seeking a spot 
on the Dayton Hamvention program to rally sentiment against the proposed new license. 

THE PHASE 3B SATELLITE LAUNCH IS STILL SET FOR MID MAY, and the European Space Agency 
is still confident that the trouble-plagued Ariane rocket's problems have now been solved 

Don't Expect To Be Able To Use Phase 3B Right Away, even if the launch is on schedule 
and trouble free. Checkout and stabilization of the new bird could take several weeks or 
more, before Amateurs will be able to enjoy the benefits of its elliptical orbit. 

AMATEUR OUTRAGE OVER N6BHU'S LICENSE REINSTATEMENT after it had been lifted by the FCC 
for "profane and indecent" language has now reached Congress. Sen. Barry Goldwater, K7UGA, 
challenged FCC Chairman Fowler about the FCC Review Board decision to return the violator's 
license at a recent Senate Communications Subcommittee meeting, and was promised the con- 
troversial action would be reviewed by the Commissioners at an early date. 

N6BHU Has Promised To Take The Fight Into Federal Court if the Commission decides again 
to suspend his license. In a conversation with Westlink's WAGITF, N6BHU said he'd go all 
the way to the Supreme Court if necessary to keep his Amateur license. 

ARRL Has Also Formally Intervened In The N6BHU Case, concerned that the Review Board 
set an "unlawful and intolerable" ~recedent in its decision that the laneuaee N6BHU had " " 
used on the air was acceptable in the Amateur service. 

ARTHUR GODFREY, K4LIB, PASSED AWAY MARCH 16 in a New York hospital from pneumonia. He 
was one of the nation's best known Amateurs, having been a top rated broadcast entertainer 
for many decades. Arthur, who was 79, narrated "The Ham's Wide World" in 1969 and had 
been co-narrator of "The World of Amateur Radio" in 1979. 

STANDARDS FOR RF RADIATION SHOULDN'T BE THE FCC'S PROVINCE, an all-industry group agreed 
at a meeting with key Commission people March 16, but the FCC will have to fill a void 
until the Environmental Protection Agency can complete its RF studies and take on the re- 
sponsibility. That's still probably two years off, and until then the FCC is expected to 
use the 10 mW/square centimeter 1982 ANSI standard (with reductions at frequencies to which 
the body is most susceptible) as meeting the requirement of the EPA. A major benefit will 
be federal preemption of proliferating state and local RF exposure regulations. 

K5LFL's 2-METER OPERATION FROM THE SPACE SHUTTLE is now almost certain, following NASA's 
OK of the proposal. The only approval still required is from the European Space Agency, 
whose space lab will be the Shuttle's cargo for that late September launch. 

A NEW 220-MHz DX RECORD WAS SET MARCH 9 when KP4EOR worked LU7DJZ, a 3670 mile QSO. 
KP4EOR used both SSB and CW for the record-breaking trans-equatorial-propagation contact, 
while LU7DJZ used CW only. The previous 220 MHz record was '2540 miles between W6NLZ and 
KHGUK, set back in June, 1959. 

CABLE TV CHANNEL E WON'T BECOME A PROBLEM TO 2-METER users in some parts of Chicago. 
Several oi the successful bidders for the multi-area Chicago cable TV franchise, including 
Continental Cablevision, voluntarily agreed as part of their proposals to give up service 
on either channel E (2 meters) or K (220 MHz). 

A $1000 FINE HAS BEEN LEVIED AGAINST A BURBANK (ILLINOIS) Amateur who recently erected 
a new 34-foot tower. The Amateur, a minister and iormer missionary in Nigeria, was anxious 
to resume contact with former colleagues. Court action on ~urbank-is stiil hanging fire. 
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AII Bands Dual VFO'S I .8 to  30 MHZ 200 watts . Extremely Compact 3.5 to 30 MHz 

General Coverage 8 Memories Super Receiver Selectable IFlPBT 200 watts Inexpensive 
200 watts Tuning 

I 
1 

ANTENNA SALE 1 
HYGAIN TOWERS - - - BUTTERNUT - -- - - - 

HC37SS $ 649 HFGV $ 1 0 9  
HG52SS $ 919 KLM 
HCS4HD $1429 KT34A 5299 
HC7OHD $2339 KT34XA $449 
HC50MTS $ 749 144-148LBA S 69 

LARSEN CALL AEA CALL 
CALL "TOLL FREE" FOR ALL ANTENNAS & ACCESSORIES 

HYGAIN 
TH5MK2S 

CALL FOR HVGAIN TOWER PACKAGES. 

I W BUILD THIS SSB TRANSCEIVER FROM OUR MODULES I 

BBY KITS@ 
EXPERIMENT - LEARN ELECTRONICS; BUILD AND DESIGN YOUR OWN AM, FM, CW, 
OR SSB RECEIVERS, TRANSMITTERS AND ETC. WITH OUR MINI-LINEAR CIRCUIT KITS 

All klts Come Complete Wlth Etched and Drilled Clrcult Boards and All Parts Needed To Functlon As Described 
AFA-1 AUDIO AMP. LM-380 t 2 wan34 1 6 0 ~ ~ 0 u l p u l  $4.95 MBA-1 FREQ. MULT. ~ u n e d  output Buner Mun Amplll~er TO 250 MHZ $5.95 
AFP-1 AUDIO PREAMP. Dual ~ u d t o  preamp - For M k e  Ee $3.95 OSC-1 CRYSTAL OSC. IOOKHZ - 20MHZNol Tuned $3.95 
BMD-1 BAL. MIX. LM 1496 Mbxer - S 6 Modulalor Tuned OUIPUI $9.95 OSC-2 CRYSTAL 0%. Ov I 8  200 MHz Tuned Oulpu! $4.95 
DET-1 AM DET. Am Envelope De~ector W I I ~  AGC OIJI~UI $3.95 OSC-3 VARIABLE FREQ OSC varactor Tuned 455KHZ $5.95 
DET-2 FM DET. LM 3065 FM OBIOCIOI (455 KHZ or 4 i I MHZ) $7.95 OSC-4 VARIABLE FRFY OSC varactor Tuned4.11 MHZ $5.95 
DET-3 SSB DET. LM 1496SSBOeleclor (NeedsOSC 1 or OSC 4) $9.95 PSV-1 POWER SUPPLY LM 723 ~ l t h  Pass Transls~or 3 amps ma" $7.95 
IFA-1 IF AMP. CA302830 OBGam Opl~onalAGC(455 KHZor9 I I MHZ) $6.95 PLL-2 TONE DETECTOR LM567 PLL Tone Deleclor $5.95 
FLS-9 SSB FILTER 9MHZl2 1 KHZBWwtlh USBXAL for OSC I $49.95 RFIMIX-1 RF-AMPIMIXER ~ ~ 3 0 2 8 -  Tuned RF AMP/M,xer 1 IOOMHZ $7.95 
IFA-2 IF AMP. CA 3028 30 DR Galn 1 100 MHZ Opltonal AGC $6.95 RFIMIX-2 RF-AMPIMIXER 3NZM Tuned RF AMIMlaer 1 - 250 MHz $7.95 

MANY OTHER MODULES AVAILABLE 
SEND $2.00 FOR FULL CATALOG COMPLETE SET OF MODULES TO BUILDA 

WITH CIRCUIT DIAGRAMS AND 
ADD '200 StfIPmNG & HANDLING I-WATT SSBICW MONO-BAND TRANSCEIVER 

LESS CASE. CONTROLS. PWR SUPPLY 
TYPICAL RECEIVER AND MORNING DlSTRlBUTlNG CO. (12 VOC). SPK AND MIKE 

TRANSMITTER HOOK-UPS P.O. BOX 717. HIALEAH. FLA. 33011 $149.95(Specl(y Band) 
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FREE PHONE 800-854-6046 
ANAHEIM, CA 92801 BURLINGAME, CA 94010 OAKLAND, CA 94609 

2620 W. La Palma 999 Howard Ave., (415) 342-5757 2811 Telegraph Ave., (415) 451-5757 
(714) 761 -3033 (213) 860-2040 

Between Disneyland (L Knott's Berry Farm 
m'les On lo' from S'F. *lrport Hwy. 24 Downtown. Left 27th off.ramp 

SAN DIEGO, CA 92123 VAN NUYS, CA 91401 
5375 Kearny Villa Road. (619) 560-4900 6265 Sepulveda Blvd.. (213) 988-2212 

Hwy. 163 (L Clalrernont Mesa Blvd. San Diego Fwy. at Victory Blvd. 
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YAESU FT-102 
high performance 
HF transceiver 
Top of the line from Yaesu at reasonable 
cost! Covers 160-10 meters including 
the new WARC bands. Six-digit digital 
readout, variable bandwidth plus IF shift, 
variable noise blanker and separate ALC 
meter with peak hold switch. Built-in 
speech processor. Built-in power supply 
for 100,117,200 or 234V AC @ 50160 

Llsl Price 1149.00 Item No. YAEFTlO2 
Add 8.96 shlpplng 6 hsndllng 

COMMODORE 64 
home computer 
Commodore's latest home computer . 
now features 64K of RAM at unheard 
of low cost! Use it for home 
calculations and budget management, 
playing TV games or add Kantronic's 
new Hamtext for outstanding RTTYI 
ASCllICW operations. Features built-in 
BASIC language, full size typewriter 
keyboard and 16 color, high resolution 
graphics capability. Compatible with 
VIC-20 accessories. 

List Price 595.00 Item No. COMC64 
Add 3.50 shipplng 6 handllng 

CLIPPERTON QR07 
full power linear HF amplifier mobile FM transceiver 
Value packed, this hefty arnplif~er offers the best watts-per- The TR-8400 offers excellent UHF performance with max- 
dollar buy In amateur radio! Covers 160 through 15 meters imurn convenience. It covers 440.000-449.975 MHz and 
and most MARS frequencies adjacent to the ham bands. features two VFO's, synthesized tuning and LED frequency 
Features 2000 watts PEP input on SSB, adjustable ALC and display. You can scan up or down with the supplied hand mic 
hillow power switch~ng. Bypass switch also included. Built-in and store up to 5 of your favorite frequencies in memory. A 
power supply with forced air cooling. Works on 1 1  7V or bonus for TR-7730 owners: the TR-8400 uses the same size 
234V, AC. Uses four 5728 triodes (packed separately). mounting bracket. RF power: 1 0 watts. Requires 1 3.8V DC. 

LIst Prlce 799.00 Item No. DENOR07 349.00 List P r i u  499.00 Item No. KENTR8400 
Add 9.94 shipplng 6 hsndllng Add 2.14 lh lpp ln~ 6 hsndllng 

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS: 3131 4TH AVENUE SOUTH BIRMINGHAM. AL 35233 
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"Build a Personal Earth 
Station for Worldwide 
Satellite TV Reception" 
At last! A complete gulde tc 
satellite TV including how tC 
build a system from scratch 
You'll find that you can literal 
ly "tune in the world" for les: 
than you thought. Selectinc 
the right ready-made system 
is also covered as well as in 
stallatlon and dish alignment 
Well  organ~zed,  this boo1 A 

takes you from the fundamen 
- 

tals of TV broadcasting to sat 
elllte broadcast systems. 
9. g 5 LI.1 Prbe BOOTAB1408 

Add 1.36 ahlpplng 6 handling 

Call 
Tidl Free la800 

Everything you'll need to know 
about satellite TV, lncludlng 
selection, lnstalbtlon and trou- 
ble shootlng Covers what's up 
there to see and how to flnd ~t 
The book s slmple, down home 
approach, along wlth maps, 

/ charts and satellite ' footprints" 
makes this a valuable 
reference gulde for the ac- 
compllshed vldeo enthuslast as 

4 we, as newcomers 
I , 1 8.95 Hem No BOOSATWORLD 

Add 1 36 shipplng 6 handltng 

IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST. MONDAY THRU FRIDAY 

More Details? CHECK-OFF Page 132 
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At last! The answer to 
operating freedom! 

The Palomar Engineers 
SWR & Power Meter 

Automatically computes 
SWR. 

Easy to read light bar 
display. 

Expanded SWR scale. 

Power ranges 20/20012000 
watts. 

Frequency range 1-30 
MHz. 

Automatic. No "set" or "sensitivi- 
ty" control. Computer sets full scale 
so SWR reading is always right. Com- 
plete hands-off operation. 

Light bar display. Gives instant 
response so you can see SSB power 
peaks. Much faster than old-fashioned 
meters. 

Easy to read. No more squinting at 
old-fashioned cross pointer meters. 
You can read the bright red SWR and 
power light bars clear across the 
room! 

Model M-827 Automatic SWR & 
Power Meter only $1 19.95 in the 
U.S. and Canada. Add $3 shipping1 
handling. California residents add 
sales tax. 

ORDER YOURS NOW! 
Send for FREE catalog describing 

the SWR & Power Meter and our 
complete line of Noise Bridges, Pre- 
amplifiers, Torolds, Baluns, Tuners, 
VLF Converters, Loop Antennas and 
Keyers. 

hem radio magazine takes pleasure 
in providing the following reviews of 
books pertinent to Amateur Radio. 

rf circuit design 

The first word that comes to mind 
in reviewing the book rf circuit design 
by Chris Bowick, WB4UHY, is practi- 
cal. The author has accomplished in 
this book what many more-expensive 
volumes have not been able to - he 
has provided in one 176-page volume 
a useful collection of material on rf 
techniques. 

Most rf designers will probably 
agree that their knowledge took years 
to acquire and sometimes required 
access to many different volumes to 
understand even a single concept. 
Chris gets right into the essential as- 
pects of each subject, using clearly 
defined terms, charts, and examples. 
An elementary example of this is seen 
on the first page of chapter one, 
Components. A chart on wire sizes 
shows how one can quickly deter- 
mine unknown wire diameters if it's 
remembered that No. 50 AWG is 1 
mil and doubles for each six wire 
sizes. No. 44 AWG has a 2 x 1, or 2 
mil, diameter. 

This book, useful to hams who are 
interested in designing their own 
equipment, provides numerous ex- 
amples for guidance each step of the 
way. There are seven chapters, la- 
belled: Components, Resonant Cir- 
cuits, Filter Design, Impedance 
Matching, The Transistor at Radio 
Frequencies, Small Signal RF Ampli- 
fier Design, and RF Power Amplifiers. 

There are also three additional sec- 
tions: Appendix A, use of complex 
numbers, recommended for those 

who are not familiar with complex 
number arithmetic; Appendix B, 
noise calculations, a systems ap- 
proach to low-noise design; and Ap- 
pendix C, bibliography of technical 
papers and books related to rf circuit 
design. These additional sections 
complement this already useful book 
with material that enables the inter- 
ested reader to continue his research. 

Published by Howard W. Sams, 
this book is available soft cover (8% 
x 11 from Ham Radio's Bookstore, 
Greenville, New Hampshire 03048, 
for $21.95 plus $1.00 shipping and 
handling. * 

directional antenna patterns 

To this reviewer's knowledge, 
there is not another book around like 
Directional Antenna Patterns by Carl 
E .  Smith, president of the Cleveland 
Institute of Radio Electronics. It pro- 
vides under one cover a collection of 
15,160 directional antenna patterns, 
and has become the bible for a-m 
broadcast antenna design engineers. 
With the current increase in interest 
in phased vertical arrays the Radio 
Amateur will find this material perti- 
nent in several ways. 

Part one contains the theory be- 
hind the determination of the size and 
shape of directional-antenna pat- 
terns, starting with the standard ref- 
erence antennas (uniform hemispher- 
ical radiator, vertical current element, 
quarter-wave verticals) and develop- 
ing into the generalized equation for a 
directional n-antenna array. 

Part two, entitled "Systemization 
of Two Tower Patterns," provides 
568 patterns available from a two-ele- 
ment array, examined at electrical 
and phase separation steps of 15 de- 

14 a May 1983 



grees and 45 degrees. It is worthwhile 
pointing out that commonly used 90 
degree space190 degree phase, that 
is, quarter-wave separated, quarter- 
wave-phase difference verticals are 
just one of the 568 cases considered. 
Amateurs who don't have the space 
to separate their verticals by a quar- 
ter-wave can still obtain a cardioid 
switchable pattern by choosing a dif- 
ferent set of parameters. 

Part three, Systemization of Three 
Tower Patterns, furnishes 14,592 
field plots with 45 degree increment- 
ed spacings out to one wavelength 
for both antenna 2 and antenna 3. 
The guide to all these different pat- 
terns is provided by a systemization 
placement chart illustrated on each 
page of 64 patterns. 

Directional Antenna Patterns is 
available hard bound (8% x 11) by 
Carl E. Smith for $22.00, postpaid. 
Contact Smith Electronics, Inc., 8200 
Snowville Road, Cleveland, Ohio 
44141. 

radio communications 
receivers 

Radio Communications Receivers 
by Cornell Drentea is a new 280-page 
paperback book available from TAB 
Books, Inc. The book is billed as a 
comprehensive guide to radio receiv- 
er design and' technology, and in- 
cludes the history of radio technology 
as it has affected receiver design over 
the years. 

Mr. Drentea attacks the subject of 
radio receivers systematically, intro- 
ducing each aspect of a receiver, the 
design theory, and construction. He 
also presents an explanation and al- 
ternative routes for reaching the 
same result. State-of-the-art technol- 
ogy is traced from its more primitive 
beginnings, and future design trends 
are introduced. 

The book is a blend of theory and 
application, and is meant as a refer- 
ence for the design and construction 
of receivers. Design considerations 
for modern receivers are thoroughly 

covered, and include the use of com- 
puters. The book should prove to be 
a handy tool to have in your library. 

Radio Communications Receivers 
is available from Ham Radio's Book- 
store, Greenville, NH 03048 for $13.95 
plus $1.00 shipping and handling. 

digital PLL frequency synthe- 
sizers - theory and design 

Dr. Ulrich Rohde, a name familiar 
to many of us, has borrowed from his 
years of knowledge and experience 
w i th  synthesizers and produced 
under one cover a collection of data 
on this complex yet increasingly im- 
portant subject: Digital PL L Freguen- 
cy Synthesizers - Theory And De- 
sign. As stated by Dr. Rohde, the ob- 
jective of the book is "to provide as 
much practical circuit information as 
possible while presenting only the 
necessary mathematical background 
and formulas. " 

This is accomplished in six chap- 
ters starting with Loop Fundamen- 
tals. Here he introduces the basic 
linear and digital loops with formula- 
tion provided for type 1 and type 2 - 
first through third order loops. As an 
example, in the discussion of a type 
2, third-order loop, the transfer func- 
tion is defined along with its applica-, 
tion to the suppression of fm noise in 
a VCO. 

Chapter 2, Noise and Spurious Re- 
sponse of Loops, considers an ex- 
tremely pertinent and limiting factor 
in any system that uses a synthesizer 
- sideband noise. The noise sources 
indicated are leakage from the refer- 
ence device in phase-locked loops, 
incomplete suppression of the un- 
wanted component of the mixer out- 
put, and inherent noise from the os- 
cillator. 

Chapter 3 deals with special loops, 
that are basically one-loop synthe- 
sizers. Techniques are discussed that 
simultaneously solve the two major 
requirements of loop operation: reso- 
lution and speed. This leads us to a 
more sophisticated development 
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. 
Yes, now you can take it with you! The new HAL 
CWR-6850 Telereader is the smallest RTTY and CW 
terminal available, complete with CRT display screen. 
Stay active with your RTTY and CW friends even 
while traveling. Some of the outstanding features of 
the CWR-6850 are: 
l Send and receive ASCII, Baudot, and Morse code 
R T T Y  and Morse demodulators are built-in 
R T T Y  speeds of 45,50,57,74,110, and 300 baud 
l High or Low RTTY tones 

Send and receive CW at 3 to  40 wpm 
l Built-in 5 inch green CRT display 
l Four page video screen display 
l Six programmable HERE IS messages 
l Pretype up to 15 lines of text 
l External keyboard included 
l Runs on + 12 VDC @ 1.7 Amperes 
l Small size (12.75" x 5" x 11.5") 

Write or call for more details. See the CWR-6850 a t  
your favorite HAL dealer. 

HAL COMMUNICATIONS CORP. 
BOX 365 

1 
I 

URBANA, ILLINOIS 61801 217-387-7373 

J 1 4 2  

short circuits 
Bobtail curtain 

The March, 1983, article by Woody 
Smith, "Bobtail Curtain Follow-Up," 
indicates that the half-power beam- 
width of the Bobtail is 50 degrees. 

I I l I I I I I 1  
However, using a Sharp PC1500 and - 4 m , - C - C - C - L  - L - ~ - ~ - ~  

I I I I I I I I I  
assuming a 1:2:1 current ratio, that I I I I I I I I I  

-s I I I I I I I I I  

calculates out to approximately 100 13 m 413 be m ~ ~ O I ~ ~ ~ ~ J I W I W  

dearees. Note that only half the azi- 
DClraar - 

muth plot is shown in fig. 1; this sym- Ed. note: Woody says he took only half of the 
3-dB beamw~dth numbers for both the Bobtail 

metrical field pattern has a mirror and half-square. The half-power beamwidths 

image to its left. are 100 degrees and 120 degrees, respectively. 

known as the fractional N phase- 
locked loop. 

The Radio Amateur or experimen- 
ter will probably find Chapter 4 most 
useful. Here the loop components 
consisting of oscillator, reference 
standard, mixer, phaselfrequency 
comparator, wideband amplifiers, 
programmable dividers and loop fil- 
ters are clearly defined and designs 
provided. Numerous actual circuits 
are illustrated complete with compo- 
nent values. 

With the first four chapters provid- 
ing a comprehensive understanding 
of loops, chapter five introduces the 
multiloop synthesizer that uses a 
combination of fractional division N 
synthesizer, sequential phase shifter 
and digital frequency synthesis tech- 
niques. The Rohde and Schwarz 
EK070 10 kHz to 29.99 MHz short- 
wave receiver incorporates several 
multiloop synthesizers and provides a 
working example of this modern loop 
concept. 

Chapter six finishes this discussion 
on digital PLL frequency synthesizers 
with three practical circuits: a) A sin- 
gle-loop, 1-kHz reference synthesizer 
operating from 41 to 71 MHz, used in 
a simple shortwave receiver; b) A 
fast, single-loop 25-kHz synthesizer 
operating from 41 to 71 MHz; and c) 
A low sideband noise multi-loop syn- 
thesizer covering 75 to 105 MHz in 
100-Hz increments. 

The appendix includes a mathe- 
matical review including a very useful 
table relating real-time functions with 
their LaPlace transforms. As indi- 
cated at the beginning of this review, 
Dr. Rohde has generated a 494-page 
compilation on the current state-of- 
the-art in digital PLL frequency syn- 
thesizers that is useful to the engineer 
or anyone else who needs a detailed 
working knowledge of these tech- 
niques. 

This book, published by Prentice- 
Hall, is available in hard cover from 
Ham Radio's Bookstore, Greenville, 
NH 03048, for $60.00 plus $2.00 ship- 
ping and handling. 

ham radio 

16 May 1983 



STILL SETTING THE PACE 

Look to Mosley's TA and CL series of tri-banders for out- 
standing performance on 10, 1 5 and 20 meters. Mosley's 
trap design provides resonant frequency stability under all 
weather conditions. Easily handles full KW. Stainless steel 
hardware as on all Mosley antennas. Heavy aluminum 
construction. 

SINCE 1946 

4610 LINDBERGH BLVD. 
BRIDGETON, MO 63044 

(31 4) 731 -3036 
r /  168 
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vertical phased arrays: 

Rotatable arrays 
for the low bands 

Forrest Gehrke, KZBT, with two hundred and fifty-two countries 
worked on 75 meters, has, over the years, followed a natural pro- 
gression from the use of simple antennas on the low bands to his 
present 4-square array. This first installment in a multipart series will 
help drspel some of the myths associated with phased array design 
Though many of the statements might at first glance appear obvi- 
ous, I cannot stress enough the importance of carefully reading this 
introduction. As Forrest aptly states, a phased array design is not 
black magic. Achieving outstanding performance just requires a 
clear understanding of the mechanisms involved. Ed. 

Many DXers get on the low bands, if they do at all, 
to fulfill an award requirement. A low inverted-\/ or 
dipole is pitched up, the necessary QSLs collected, 
and then it's back to the HF bands. But some get 
hooked and stay. They relearn what the radio pio- 
neers discovered: The low bands are a highly predict- 
able and reliable means of long-distance communica- 
tions, and, in low sunspot periods such as we are 
now entering, they're the only after-sunset DX game 
in town. Sorely missing is directional ability, such as 
even a modest tribander can provide in the HF 
bands. 

Even if it were practical to rotate that low in- 
verted-\/ or dipole, it would remain a sad fact that 
most of the signal is radiated at very high angles with 
virtually no azimuthal directivity. The result is that 
the impression easily might be gained that the low 
bands are good for 500 to 1000 mile contacts but no 
real DX - that is, until the newcomer happens to 
eavesdrop on one side of a real DX contact. Then he 
is amazed to hear a 05 report given, and at the turn- 
over hear nothing except noise. The old adage "You 
can't work 'em if you can't hear 'em" is particularly 
apt on the low bands, where atmospheric static as 
well as manmade noise is very high. 

restricting noise pickup 
How is it possible to get a low radiation angle and 

still beat the noise problem? Perhaps this question 
seems a contradiction because, as the radiation 
angle is lowered, the paths over which the antenna 
receives major noise sources are lengthened, 
whether the noise is manmade or natural. We may 
not be able to restrict noise pickup in the paths of in- 
terest, but we can at least reduce it from undesired 
paths with a directional array. On the low bands at- 
mospheric noise is very often quite markedly direc- 
tional, and it is not unusual to find noise levels differ- 
ing by 30 dB or more between various quadrants of 
the horizon. Experience shows that high F I B  ratio, 
that is, superior rejection of signals from undesired 
directions, has far more importance than gain on the 
low bands for this reason. 

It is well known that for reliable DX work a horizon- 
tally polarized antenna array had best be one-half to 

By Forrest Gehrke, K2BT, 75 Crestview, 
Mountain Lakes, New Jersey 07046 
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two wavelengths above the ground for optimum 
radiation angle. At 20 meters and shorter this is not 
too difficult, nor is rotating the antenna, but for 80 or 
160 meters such heights become impractical - and 
rotation is virtually impossible. 

One obvious alternative is a vertical antenna with 
electronic directional control. If such an antenna is 
combined with a good ground plane, one can get 
radiation angles as low as those possible with a hori- 
zontal antenna two wavelengths above ground. But 
doesn't a vertical "radiate equally poorly in all direc- 
tions"? And isn't it said to be noisy? After all, every- 
one knows that, for some mysterious reason, man- 
made noise sources are supposed to radiate with ver- 
tical polarization. That a vertical's very low radiation 
angle may have something to do with this is seldom 
considered. 

Widespread misinformation on the vertical anten- 
na in Amateur publications is a serious problem. Re- 
cently I researched respected Amateur publications 
printed since 1970, looking for articles on the vertical 
that contained definitive technical data. I found only 
two, one quoting the typical dissimilar and reactive 
driving impedances of the elements of a two-vertical 
array,' and the other calling attention to the need for 
maintaining unity current ratio despite this dissimila- 
rity.* NO quantitative data was available for arrays 
with more than two elements. A few writers included 
qualitative comments on the vertical array, indicating 
awareness of the complexity of the matching situa- 
tion, but most did not. Perhaps this is because, un- 
like many horizontal arrays, vertical arrays are often 
designed with all elements driven, thus making the 
job of satisfying drive current and phase conditions 
more complicated. 

mutual coupling 
At this point it may be useful to review the gain 

mechanism of a Yagi.3 The Yagi creates gain in the 
favored direction as a result of the driving currents 
and phase currents induced in the parasitic elements 
by means of mutual coupling between the driven and 
parasitic elements. With appropriate spacings and 
lengths chosen for the design frequency, current and 
phase are caused to exist in each element such that 
the signal is reinforced in the forward direction and 
partially cancelled in the other directions. The single 
driven element will present a significantly lower im- 
pedance than it would as a lone dipole, because of 
the loads coupled to it from the parasitic elements. If 
a low VSWR is not a goal, this element may be 
driven directly without affecting the gain pattern of 
the array. The presence or lack of an impedance 
transformer (such as a Gamma match) has nothing 
to do with the gain pattern - only with the match to 
the feedline. A comparison of the current and phase 
at the midpoint of each element with respect to the 

driven element, shows that the current magnitude 
ratio is below unity (about 0.2 to 0.5.1, generally ris- 
ing or falling in each succeeding parasitic element. 
The phase angle will lead in the reflector (because 
this element is longer than a half-wavelength); it will 
lag at the directors (because they are shorter than a 
half-wavelength), the angle lagging more in each di- 
rector as we move toward the front of the array. The 
interaction is quite complex, since there is mutual 
coupling among the parasitic elements as well as 
with the driven element. Nevertheless, it is this phe- 
nomenon of mutual coupling that permits us to pro- 
duce directionality in multi-element arrays. 

While it's true that driving each element provides 
an additional controllable variable, this does not 
mean that no other drive source is acting on the ele- 
ments. The same mutual coupling that occurs in the 
Yagi is present here and must be taken into account 
as part of the total drive to each element. To illus- 
trate, suppose you want to drive an element of an 
array with 1 ampere at 90 degrees lagging angle. 
Assume that, at the same termination impedance of 
this element, mutual coupling from other elements is 
inducing 0.8 ampere at 90 degrees lagging. An addi- 
tional drive current of only 0.2 ampere at 90 degrees 
lag would be all that's needed. In practice, of course, 
mutual coupling and this additional drive from the 
feed network may not add arithmetically. Phase 
angles probably will be different, resulting in vectorial 
addition. There's another real life complication: The 
added drive changes the mutually coupled drive! In 
fact, changing anything at all changes all the other 
variables because the mutually coupled elements and 
feed network are all part of one coupled system. This 
is why the element driven impedances are referred to 
as driving-point impedances; they exist only while 
connected to the feed network. We cannot discon- 
nect any element and verify its value with an impe- 
dance bridge. 

The assumption that mutual coupling doesn't 
occur (or isn't important) is a mistake found in many 
articles on phased arrays, vertical or horizontal, in the 
Amateur publications. This error is almost invariably 
compounded by a second and more erroneous one: 
Electrical length of the delay line is equated to cur- 
rent delay in all circumstances, (for example, a quar- 
ter-wavelength line is assumed to produce a 90-de- 
gree delay regardless of its termination). But equat- 
ing electrical length to current delay holds true only 
under certain conditions:" 

1. For any length if terminated by a pure resistance 
equal to the characteristic impedance of the line. 

"Except when spec~flcally noted, only the lossless cases w ~ l l  be cons~dered 
At low band frequenc~es, losses normally are negl~g~ble Calculat~ons In 

clud~ng them add greatly to cornplex~ty whlle result~ng In lns~gn~f~cant 
beneflt 
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2. For an odd number of quarter-wavelengths if ter- (fed with equal-magnitude currents of the proper 
minated by a pure resistance of any value. phases to produce the main lobe along a diagonal). 

This will demonstrate the profound effects of mutual 
3. For any number of half-wavelengths regardless of 

coupling. 
termination impedance. 

4. In some special cases (normally of no concern in 
these applications). t 

element 1 2, = 7.9 - j7.8 
element 2or 3 Z2 = Z3 = 35.7 - j12.7 
element 4 2, = 59.2 + j42.6 

Disregarding mutual coupling leads to inaccurate The first impedance is the reference, or zero- 
results, particularly as regards front-to-back ratio. degree phased element; the next is the impedance of 
The designer who makes this error is also typically each of the two -90 degree phased middle ele- 
led to some or all of the following subsidiary assump- ments; the last is the - 180 degree phased element. 
tions: That these impedances are quite dissimilar and reac- 

tive is obvious. Since drive power is a linear function 
1. That the driven impedances of each element 

of the real component of these impedances (being 
always are equal. 

fed with currents of equal magnitude), it is clear that 
2. That if the elements are resonant, the driven impe- power division among these elements is far from 
dance of each element is resistive. equal. Assuming 1-ampere drive to each element, 

the drive power supplied to each is: 
3. That if array feedlines are quarter-wavelength, a 90 
degree phase change in current is produced in each element 1 7.9 watts 

line. element 2 35.7 watts 
element 3 35.7 watts 

4. That if the array requires equal current drive, driv- element 4 59.2 watts 

ing each element with equal power will always satisfy on a percentage basis, is 5.7 percent, 25.8 
the requirement. percent, 25.8 percent, and 42.7 percent, respective- 
5. That a current phase angle displacement of 90 
degrees between array elements will occur by inser- 
tion of a quarter-wavelength line in the feedline of 
one of the elements. 

Every one of these assumptions is wrong, be- 
cause the premise on which they are based is not 
true. 

Some writers suggest that great liberties may be 
taken with element feedline lengths. Without consid- 
ering the effects upon phasing, they would use ele- 
ment feedlines of any length as long as they were 
equal. Except in very specific circumstances (when 
all driving impedances are equal), there is no way to 
justify taking these liberties with most multi-element 
array configurations. 

array impedances and 
power distribution 

ly. Thus a feed network aimed at supplying equal 
power to this array, such as a Wilkenson power di- 
vider, will be at cross purposes with the requirement. 
(Incidentally, a Wilkenson divider will not supply 
equal power to unequal terminations.) Also, since 
the 90-degree phased elements are not resistive, sim- 
ply inserting a quarter-wavelength of delay line in 
their feeders won't do. Clearly, only a feed system 
designed for the array elements' driving-point impe- 
dances will carry out this unequal power division 
while producing the proper element phase displace- 
ments. 

It is possible to devise a feed network which per- 
forms these functions while also matching the array 
to the transmitter feedline. Doing so is not even un- 
duly complex, but calculating the driven impedances 
does require a knowledge of the self and mutual im- 
pedances of the elements. Methods for doing this 
will be detailed in a future article. The greatest bene- - 

It may be illuminating to examine a typical set of fit of a good match in multi-element arrays is the 
dynamic driven impedances for the quarter-wave res- warning it provides when loss of continuity to an ele- 
onant elements of a 4-square vertical phased array ment occurs because of faulty switching relays or the 

like. 
tSpecial cases are mentioned for completeness. The situations governing 
them are not ordinarily encountered in phased-array feed network applica- 30 to 40 dB FIB are achievable 
tions. These cases arise when the real and reactive components of a termi- 
natlon have a particular relationship with the characteristic impedance, Zo. My interest in low-band DX began just as described 
of the line and its electrical length. For example, an eighth-wavelength line in the beginning of this article. I started with a dipole 
will have a current delay of 45 degrees with terminated by an impedance 
whose arithmetic sum of the real and reactive components equals ZO. A 

30 feet high, then progressed to a vertical, and then 
three-eighths wavelength line, under the same impedance relationships. to in-line arrays of two and three verticals. With 
will exhibit 135 degrees phase delay between input voltage and output cur- some cut-and-try, the arrays were made to work 
rent. These are two special cases which I explored; there may be more. I am 
~ndebted to W7EL for bringing the possibility of such unusual cases to my 

quite well. 
attention. Then came the articles by WlCF on the 4-square 
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array4 which inspired me, as they have many others, 
to duplicate his pathfinding work in building pattern 
controlled low-band arrays. For me at least, having 
achieved excellent FIB with simpler arrays (but with- 
out bothering to find out precisely why), the FIB 
results were disappointing. Cut-and-try led nowhere, 
this array's having too many variables for such blind 
stabs, and so I had to go back to basics for a more 
fundamental understanding. Thanks to the advice, 
encouragement, ideas, and boundless resource of 
mathematical tools contr ibuted by my  friend 
WBGSXV, as well as many information exchanges 
with W7EL and W2PV5 I believe I now know how the 
4-square should work. 

Achieving theoretical FIB in practice ultimately be- 
comes an exercise in achieving electrical symmetry 
of the array. This is not easy, but efforts continue to 
reach that goal. Fortunately, like Yagis, these arrays 
want to  work. Less than optimum drive conditions 
for forward gain find them as tolerant as Yagis, but 
also as intolerant for high front-to-back ratio. Despite 
large departures from design drive currents and delay 
angles, forward gain is not affected much. But seem- 
ingly insignificant differences in drive currents or 
delay angles drastically reduce the maximum FIB ca- 
pabilities. A 10 percent change in drive current of one 
element in a 4-square can bring the array from a really 
excellent 30 to 40 dB FIB down to an average 15 to 
20 dB. Another way of looking at this is that excellent 
FIB ratios hold over a small frequency range, while 
gain holds over a relatively much larger range, as 
W2PV showed for the Yagi.3 

Although the principles for correctly feeding a mul- 
tiple driven element array have been known since the 
1 9 3 0 ~ , ~ , ~  their primary application has been by the 
long-wave a-m broadcast industry, and relatively lit- 
tle has been published in Amateur Radio literature. 
Perhaps editors may have felt the subject too com- 
plex, or that it lacked broad reader interest. Another 
possible reason is that few modern antenna texts dis- 
cuss feed methods for such arrays. Typically, many 
field plots are shown, but means for achieving them 
are left to the reader. 

areas to be addressed 
It is the purpose of this series of articles to attempt 

to fill this gap. Over the next few months I shall try to 
address the following considerations: 

I .  Theoretical Array Design 
Element spacing 
Drive requirements - magnitude and phase 
Field plotting - how to calculate 

II. Self and Mutual Impedance 
Measurements and calculations 
Ground planes 
Element driven impedances 

Ill. Drive Network Design 
Four-terminal network matrices 
Pi and T coax equivalents 
Directional switching 
Adjustment and measurement 

Topics of this nature cannot be adequately dis- 
cussed without presenting voltages, currents, and 
impedances in complex algebraic form, such as R + 
jX for impedance. Those readers who understand 
them will have no difficulty in following the presenta- 
tion; for those who do not, I am assuming that they 
have a good enough general understanding of the 
concepts (of resistance and reactance) to be able to 
understand the implications of the conclusions I 
present. 

In general, I shall try to address myself to  general 
solutions, without restriction to specific designs. 
Where particular designs are examined, these will be 
by way of illustration, not for the sake of presenting 
any one proposal. Rather, it is my hope that readers 
will find their own solutions to their particular prob- 
lems within the space they have available. There is 
nothing writ in stone, for example, which requires 
the elements of an array to be resonant, to be spaced 
at 114 wavelength, to be phased in multiples of 90 
degrees, or to have radials measured to some exact 
length. Neither do all arrays operate best with equal 
current magnitude to all elements. A few hours of 
mathematical experimentation will allow you to run 
through more designs than you could ever hope to 
build. 

Building vertical phased arrays is not a black art; 
with accurate measurements of self and mutual im- 
pedances and with reasonably good electrical sym- 
metry, theoretical design goals can be closely 
approximated in practice. Most of the explanation for 
the large gap between theory and practice which so 
many builders encounter lies in the many invalid 
assumptions discussed earlier. 
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Two crossed dipoles 
of different lengths 

cover the entire 
80-meter band 

stagger-tuned dipoles 
increase bandwidth 

A broadband antenna can be constructed by 
using a pair of stagger-tuned dipoles, either horizon- 
tal or inverted Vs, mounted at right angles to each 
other and connected in parallel. (See fig. 1.) A single 
50-ohm coaxial cable is used for the transmission 
line. The dipoles are of different lengths, with the 
longer tuned to a frequency near the lower edge of 
the band and the shorter to a frequency near the 
upper edge of the band. Because the dipoles are at 
right angles, no cancellation or nulls occur in the 
combined radiated field. Near mid-band, the antenna 
is omni-directional. 

The purpose of this article is to derive the basic 
equations which apply to the standing wave ratio 
curve for this antenna. These equations are then 
used to determine the fundamental relationship be- 
tween the bandwidth and the SWR. 

80-meter measurements 
The entire 80-meter band is described by a W- 

shaped SWR curve with a maximum of about 2 (both 
at the middle and at the band edges). The measured 
curve of an experimental model is shown in fig. 2.' 

The 80-meter band, having the greatest percent- 
age bandwidth of all the Amateur bands, is covered 
by the stagger-tuned antenna without exceeding an 
SWR of 2. As used here, the term percent bandwidth 
of a circuit is defined as the bandwidth divided by the 
mid-band frequency, multiplied by The four 
Amateur bands considered here, 160, 80, 40, and 10 
meters, have bandwidths of 10.5, 13.3, 4.2, and 5.9 
percent respectively. 

dipole impedance 
The stagger-tuned antenna impedance is deter- 

mined by the impedances of the parallel dipoles. An 
equivalent schematic for a single center-fed dipole, 

- 

SWR = 2 ,  FOR 13 .3% B l N O W l D T H  
F l  = 3 . 5 6  MHz 

F2 : 3 . 9 3  MHz  

D IPOLE STAGGER ' 9 8 %  
2 . 2  - 
2 . 0  - 
1 .8  - 
1.6 - 

a 
1 4 -  

1.2 - 
1 .0  , , 

3.5 3.6 3 7 3 8 3 . 9  4 0 

F 1  FREQUENCY. M H z  F 2  

fig. 2. Measured SWR of broadband 80-meter stagger- 
tuned antenna using inverted Vs. 
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By Mason A. Logan, K4MT, 1607 Monmouth 
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near its series resonant frequency, is shown in fig. 3. Drive, Sun City Center, Florida 33570 

D I P O L E  2 
T U N E D  T O  F2 ( F p  > FmJ 

7 

Fm . FI+Fz 
2 

PERCENT 
D IPOLE ; - F 2 -  F1  X 1 0 0 %  

"STAGGER" Fm 

fig. 1. Top view of broadband stagger-tuned, crossed- 
dipole antenna. 
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Fa = FREOUENCY OF SERIES RESONANCE 

fig. 3. Dipole equivalent circuit and representative 
series resonant impedance. 

The equation for the impedance of a dipole given in 
this figure curvature has been derived by fitting to 
dipole impedance  curve^.^ 

It is convenient to use normalized impedances, ob- 
tained by dividing by 50 ohms, a commonly used co- 
axial cable characteristic resistance (R,). At reso- 
nance, the normalized radiation resistance of a dipole 
is 66/50, or 1.32," numerically equal to its SWR. 

For comparison, note that the calculated band- 
width of a horizontal dipole is 7.1 percent at an SWR 
extreme of 3.0:l. The reactance part of the dipole im- 
pedance is about equal to the resistance and the 
phase angle is approximately 45 degrees. This 7.1- 
percent bandwidth for a dipole is the basic building 
block of the stagger-tuned antenna. 

impedance of parallel 
stagger-tuned dipoles 

Fig. 4 shows the equivalent circuit for the parallel 
dipoles, with impedance Z1 tuned to the lower fre- 
quency Fl, and Z2 tuned to the upper frequency Fg. 
With F1 and F2 fixed, the equation in fig. 3 first is 
used for each dipole in turn, to determine the two 
dipole impedances. From these, and at each frequen- 
cy, the usual parallel impedance equation of fig. 4 
then gives the stagger-tuned antenna impedance. Fi- 
nally, the SWR over the entire band is calculated. 

For frequencies between the two dipole reso- 
nances, the lower F1 and the higher F2, an interesting 
and useful effect exists, which leads to wideband 
operation. Between F1 and F2, the F1 dipole has a 
positive reactance while the Fg dipole exhibits a neg- 
ative reactance, each being in series with its own 
radiation (real) resistance. The network acts like a 
lossy anti-resonant circuit. It is the impedance of this 
anti-resonant circuit which produces the SWR maxi- 
mum in the center of the band and limits the attain- 
able bandwidth. 

At the center, the two reactances always are equal 
in magnitude and opposite in sign. The two resis- 

'In general, the series-resonant resistance varies w ~ t h  height above 
g r o u n d  a n d  wire size E d .  

tances differ somewhat because of the radiation re- 
sistance frequency dependency, that for F1 being 
higher than the resistance at its resonance and that 
for F2 being an equivalent amount lower. With a fur- 
ther increase in frequency separation (greater than 
7.1 percent) the reactances increase faster than the 
resistances, causing an increasing anti-resonant re- 
sistance and SWR. 

calculations 
Two W-shaped SWR curves have been prepared, 

fig. 5 for an antenna which turned out to be not quite 
wide enough for the 80-meter band, and fig. 6 for an 
antenna not quite wide enough for the 160-meter 
band. The calculated curves have an appearance re- 
markably similar to the measured curve of fig. 2 and 
confirm that an SWR of less than 2 can be expected 
for the entire 80-meter band. Using these trial curves, 
a very good estimate of the needed increase in stag- 
ger spacing can be made. 

80 meters 
The SWR curves of the individual dipoles F1 and F2 

are drawn in to show that, even when they are far 

Z l  2 2  
Z L = - =  R + ' X  

Z I  + Z 2  
' 

s w R  * '+K 
I - K  

K = 

fig. 4. Equivalent circuit of two  stagger-tuned crossed 
dipoles and SWR equation. 
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F2 - Fl = 0 3 5 0  MHz 

O l P O L E  STAGGER = 9 3% 

\ 
3 4 -  \ 

3 2 -  
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2 8 -  
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' \  
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D IPOLE I 4 /  
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F 2  

fig. 5. 80-meter stagger-tuned antenna calculated SWR 
versus frequency. 
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20mmeter mobile vertical 
CB plus replacement 

auto antenna 
combine to make 

a durable performer 
with good bandwidth 

It's unusual to f ind a homebrew mobile high-fre- 
quency antenna, partly because it's rather difficult to 
construct one which will withstand the 100-plus mph 
winds antennas encounter from time to time. How- 
ever, it is relatively easy to convert a Radio Shack 
mobile CB antenna to 20 meters, and the resulting 
antenna is a surprisingly good performer. 

The basis for the antenna is a Radio Shack 4-foot 
Fiberglass Whip, #21-934 (fig. 1). The whip is helical- 
ly wound near the top and fits a standard 318 x 24 
threaded mount. When mirror-mounted on my van 
using a Radio Shack #21-937 mount, the unmodified 
whip shows an impedance of 25-j7000 ohms at 14.3 
MHz. It can be resonated at this frequency by add- 
ing, at the top, about 27 inches of straight whip, 
made from a replacement auto antenna. 

Most replacement auto antennas are designed to 
attach to the broken stub with a set screw. To pro- 
vide a stub attachment point at the top of the CB 
whip, carefully scrape away the outer fiber glass ma- 
terial to expose about 114-inch of the embedded 
wire. It appears to be 22-gauge enamel-coated wire. 
Bare the wire and tin it. Cut the head off a 114-inch 
diameter, 1 112-inch brass bolt, and tin the butt 
(thicker portion) of the threaded end. Solder this end 
to the wire. 

This stub attachment will be secured to the CB 
whip with glass cloth and epoxy (fig. 2). First, how- 
ever, it's necessary to fasten the bolt to the CB whip 
to prevent the fine wire from breaking during han- 
dling. Lay the CB whip horizontally and block it up so 

1 that the auto whip is aligned. Attach the auto whip to 
the bolt by tightening the set screw, and block it level 
with the CB whip. Put a dab of 5-minute epoxy on 
the end of the CB whip, press the two sections to- 
gether, and visually align them. 

After the epoxy has thoroughly hardened, remove 
the auto whip and sand the top 2 inches or so of the 
CB whip and bolt with fine sandpaper. This provides 
a clean surface for the fiber glass reinforcement. 
Glass cloth/epoxy repair kits are available at most 

By Gary E. Myers, KSCZB, 28W135 Hillview 
Drive, Naperville, Illinois 60565 
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hardware stores. Cut three strips of cloth about 12 
inches long and 1 inch wide and saturate them with 
mixed epoxy resin. Starting about 2 inches below the 

- S T A I N L E S S  S T E E L  SECT ION.  
APROX.  2 7  INCHES ( 6 8 . 6 c m j  
LONG (STANDARD AUTO 
R E P L A C E M E N T  A N T E N N A )  

- RADIO  SHACK 2 1 -  9 3 4  
4  FOOT ~ I P Z c m ~  F I B E R G L A S S  
W H l P  CB ANTENNA.  T O P -  
LOADED ( H E L I C A L L Y  WOUND 
TOP S E C T I O N )  

rn - A D D I T I O N A L  MATCHING 
I SHUNT CAPACITOR 

rl-r 

eter mobile antenna. The 
with spring clips for im- 

n - 1 /4  INCH 16 4 m m )  BRASS 
S T U D ,  MADE FROM 
BRASS BOLT 

IMBEDDED WIRE  PULLED , 
FREE A N 0  SOLDERED 
TO BUTT  O F ,  BRASS BOLT - 3 LAYERS O F  GLASS 

CLOTH A N 0  EPOXY 

&- M I N U T E  EPOXY 

- R A D I O  SHACK NO 2 1 - 9 3 4  
F I B E R G L A S S  CB W H l P  

joint, wind each strip in overlapping fashion, like 
tape, to cover the joint and 112 to 314 inch of the 
bolt. Three layers of cloth wil l provide ample 
strength. Be sure to follow all instructions provided 
with the kit, including the safety precautions. 

The joint will be messy at this point, but it can be 
smoothed out by sanding after the epoxy has cured 
completely. It probably will be necessary to scrape or 
sand the exposed portion of the bolt to remove 
epoxy that has formed on it. Attach the replacement 
auto whip securely, and you will be ready for tune-up. 

matching to the whips 
Each mobile installation differs by vehicle, the type 

of mount, and the position of the antenna on the ve- 
hicle. The 27-inch whip length mentioned earlier may 
not be correct in any installation but mine, but it 
should be close. Make adjustments as necessary for 
your situation. 

A few hints may make the tune-up process a little 
less frustrating: 1) use a feedline that is a multiple of 
one-half wavelength (don't forget the velocity factor) 
to avoid transformer action in the feedline; 2) park 
the vehicle well away from objects, such as trees and 
overhead wires, to prevent detuning; and 3) shorten 
the whip a little at a time - no more than 118 inch 
per cut when you're near resonance. The ARRL An- 
tenna Book1 details other methods for resonating a 
mobile antenna. 

At resonance, the antenna shows a resistive impe- 
dance of 30 to 35 ohms. The resulting SWR is ade- 
quately low for many purposes, but the bandwidth 
may be improved by better matching. Trim the whip 
to be inductive (too long), and then add the appropri- 
ate value of shunt capacitance from the base of the 
antenna to ground, forming an L-network which 
transforms the impedance to 50 ohms. I found that 
merely attaching a 200-pF, 500-volt mica capacitor to 
the base of the antenna and ground with spring clips, 
then shortening the straight whip until the antenna 
resonated, provided a feedpoint impedance that was 
very close to 50 ohms. 

When tuned in the above fashion, the antenna 
showed a 2 : l  SWR bandwidth of about 50 kHz for 
my installation. Consistently good signal reports 
have come from all areas of the U.S.; I've been run- 
ning 100 watts PEP (no DX has been attempted). The 
small-gauge wire used in the CB whip probably has 
more ohmic loss than desirable, but the performance 
is not harmed noticeably. 

fig. 2. Detail of the attachment point for the replace- 
ment auto whip. Use 5-minute epoxy to cement the 
stud to the whip prior to applying glass cloth. 

I I 
1 .  The ARRL Antenna Book. 1 4 t h  E d i t i o n ,  C h a p t e r  13, A m e r i c a n  R a d i o   re^ 
l ay  L e a g u e ,  N e w i n g t o n .  C o n n e c t i c u t ,  (19821. 

reference 
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repeater antenna beam tilting 
ceed 10,000 feet (3049 meters) in elevation. From the 

A r - ~ o l e  colIi nea I early years of two-meter repeatering, Montana Ama- 
teurs have made use of these sites: In situations like 

reduces a shadowing effect I this where very high repeater sites are used, a prob- - 

I lem called shadowing can exist. 
common to mountainous areas Fig. I is an example of a spot where a repeater site 

is 3000 feet (914 meters) higher in elevation than the 

During recent years I've helped design and con- 
struct several commercial and Amateur repeaters. 
Most of these repeaters are located on high moun- 
tains where large elevation differences exist between 
mobile stations and the machine. From such sites, 
conventional antennas may overshoot the intended 
coverage area. I wish to introduce a method of elec- 
trical beam-tilting which will optimize the use of the 
antenna radiation pattern. 

shadowing and overshoot 
Western Montana and the Rocky Mountain region 

in general have similar topography. In these areas 
mountains rise from the prairie and valleys to form 
natural towers for prospective repeaters. Many ex- 

desired coverage area. ~ d d t i o n a l l ~ ,  the rise in eleva- 
tion takes place over the relatively short, horizontal 
distance of five miles (eight kilometers). Eq. 1 is used 
to calculate a depression angle of - 6.5 degrees from 
the repeater to the coverage area. (The angle is ap- 
proximate because curvature of the earth was not in- 
cluded.) 

C - R  6 = tan- '  - 
D 

[ I )  

where: 8 = The depression angle (degrees) 

R = The repeater elevation feet or meters) 

By Lee Barrett, K7NM, 214 East 1800 South, 
Apt. 0, Clearfield, Utah 84015 
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I REPEATER-  

O D  
HORIZONTAL 1 .- 

GROUND COVERAGE AREA 

(914 METERS1 

5 M I L E S  
( 8  KILOMETERS1 

The first is the familiar 24 foot (7.3 meters) high, 
fiberglass encased collinear, which is easy to mount 
and performs well. Also, some manufacturers will 
provide an electrical downtilt to your specifications 
for an additional charge and a shipping delay. For a 
repeater group working on a shoe-string budget, 
however, this antenna is not the most economical. 
Furthermore, if your site is subjected to icing and fre- 

fig. 1. The repeater is much higher in elevation than the 
intended coverage area. Neglecting the earth's curva- 
ture, the antenna radiation pattern must be  depressed 
6.5 degrees to  prevent shadowing of the desired cover- 
age area. 

C = The coverage area elevation Cfeet or 
meters) 

D = The horizontal distance from the re- 
peater to the coverage area Cfeet or 
meters) 

Fig. 2 depicts the same site with an antenna radia- 
tion pattern added. With the pattern centered on the 
horizontal or zero-degree line, an antenna radiating a 
half-power beamwidth of 13 degrees is required for 
the lower half-power point to fall on the area of de- 
sired coverage. Any station closer to the repeater is 
not in the main pattern and, as a result, is shadowed. 
Also, the radiated power above the horizontal serves 
only to heat the ether. If this wasted radiated power 
could be salvaged to fill in the shadowed areas, a 
more efficient antenna system would result. I bor- 
rowed a solution to both shadowing and efficient en- 
ergy usage from the field of broadcasting. 

the solution 
Commercial fm and television transmitters are 

often located on mountain-top sites. If necessary, 
beam tilting is used to direct the radiated energy 
downward from the transmitter site to the intended 
area of coverage. Beam tilting may be required at 
lower elevations than one might expect. With con- 
sideration given to the curvature of the earth, for 
example, a transmitter site only 1000 feet (305 
meters) above the earth requires a 0.5 degree down- 
tilt for the center of the main antenna radiation pat- 
tern to intersect the horizon!' Obviously, the repeater 
described earlier could be a serious candidate for 
beam tilting. 

antenna considerations 
Through experimentation, the collinear2 type of 

antenna seems to be a superior antenna choice for 
tall, mountain-top applications. Consequently, the 
discussion is limited to two typesof collinear antennas. 
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quent high winds, the fiberglass collinear may not 
survive very well. Any small, internal fracture caused 
by flexing in the wind may cause an rf diode to form 
and introduce horrid screeches and howls into the re- 
peater. Such slight defects are magnified where the 
receiver and transmitter of the repeater are closely 
spaced in frequency. In such cases, the unusable col- 
linear for repeater applications may oftentimes be re- 
tired to satisfactory base station service. 

I favor a second type of collinear antenna compris- 
ing four dipoles fed in phase. This array, illustrated in 
fig. 3, is commonly called the Four Pole antenna. 
It is derived from linear array theory3 and can be used 
for electrical beam tilting. Some commercial Four 
Poles use folded dipoles with matching baluns as ele- 
ments, while others use common dipoles with gam- 
ma matching or straight feeds. In any case, the an- 
tenna feed impedance should be 50 ohms. 

Each 72-ohm cable section with a length equal to 
an odd multiple of a quarter-wave transforms a 50- 
ohm termination to 100 ohms at the driving end. The 
resulting 100-ohm impedances are combined in par- 
allel through tee connectors to produce 50-ohm re- 
sultants. The 72-ohm coax harness shown in fig. 3 is 
used to combine the element impedances to a com- 
mon 50-ohm feedpoint. Also, since the signal must 
travel an equal distance from the feedpoint to each 
element, the elements are fed in phase. 

All cable length calculations are multiplied by the 
cable velocity factor to obtain actual lengths. The an- 

COVERAGE AREA 

fig. 2. A repeater antenna wi th  a vertical, 13 degree, 
half-power beamwidth barely meets the required de- 
pression angle. Any station closer to  the repeater is 
shadowed while the repeater power in the pattern 
above 0 degrees is wasted. 
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fig. 3. Odd quarter-wavelength coaxial transformers 
are used to  match the dipole impedances to the driving 
point. The driving phase is the same to all dipoles due 
to feed system symmetry. 

tenna lengths and spacings, however, are close to 
that of free space. 

For strength and mounting convenience, the four 
dipole elements are usually mounted to a metal mast. 
Because the mast proximity distorts the element pat- 
terns, the four elements should be spaced at 90 de- 
gree intervals around the mast to obtain an omnidi- 
rectional pattern. If all the elements are mounted on 
the same side of the mast, the resulting pattern 
strongly favors the direction the elements are facing. 
Typical gains for the Four Pole are 6 dB for an omni- 
directional pattern or 9 dB for a favored direction. 
The ability to steer elements and favor specific direc- 
tions further enhances the utility of the Four Pole as a 
repeater antenna. 

downtilt theory 

Pole elements are first considered as a vertical stack 
of four isotropic radiators (small radiating spheres), 
each spaced one wavelength above the next. The 
normalized far field pattern for this linear antenna 
array is given by eq. 24 and tabulated in table 1. 

d Sin n (180°s)cos 0 + 
Ea = d (2) 

n Sin (1 80°s)cos 0 + -2- 

where: Ea = Field strength of the array (normal- 
ized to unity) 

n = The number of antenna elements 

s = The antenna spacing from center to 
cent er (wavelengths) 

d = The progresszve difference in phase 
shift between antennas. The top ele- 
ment considered at 0 degrees for ref- 
erence (degrees) 

0 = The counterclockwise angle offverti- 
cal formed by a line from the array 
center to the desired field point 
(degrees) 

(There are a few values that when substituted in eq. 
2 produce an indeterminate form, e.g., zero divided 
by zero. This problem is overcome by use of the 
mathematical technique known as L'Hospital's rule* 
or by recalculating eq. 2 using a slightly greater 
angle, e.g., 0 + 1. )  

3 0 D  0' 330' 

300' 

90' 270' 

240' 

i50° 180' 

fig. 4. The vertical radiation pattern of a Four Pole 
antenna produces a half-power beamwidth of approxi- 
mately 13 degrees. (Half-power points are synonymous 
with a 0.707 normalized field voltage.) The line of the 
Four Pole array is centered along the 0 to 180 degree 
axis with the top dipole in the 0 degree direction. 

The vertical radiation pattern of the Four Pole an- 'Differentiate both the numerator and denominator and substitute 0 for B. If 

tenna results from pattern multiplication. The Four e q .  2 I S  st111 indeterminate. repeat process. ~ d .  
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Once the array pattern is solved the isotropic 
sources are replaced by vertical dipoles. This is ac- 

Ed = cos (90 O cos0l 
sin 0 

complished mathematically by multiplying the linear where: Ed = Field strength of the dipole (normal- 
array pattern by the dipole pattern given in eq. 3.5 ized to unity) 
(The same method of overcoming indeterminates 
may be used here as was suggested for eq. 2.) The 
dipole calculations and pattern multiplication results 
are also shown in table 1. The resulting Four Pole 
pattern is plotted in fig. 4. 

72 OHM '1 
5 0  OHM 7.2 OHM o' - 

5 0  OHM 72 OHM 

HL 

5 0  OHM 72  OHM 

f ig. 5. By inserting 50-ohm coaxial delay sections be- 
tween the dipole feed points and the 72-ohm feed sec- 
tions, a progressive phase shift is introduced. Selection 
of the proper phase shift causes the antenna pattern to  
electrically tilt downward. 

0 = The counterclockwise angle off verti- 
cal formed by a line from the center 
of the dipole to the desired field 
point (degrees) 

Since the dipole pattern is a constant, the only 
hope of creating a downtilt is by modifying some 
parameter in the linear array pattern. In examining a 

table 1. Calculated, normalized field strengths for the 
linear array (E,), dipole (Ed) ,  and Four Pole (EFour Pole) 

antennas. 

Angle 0 
(Degrees) I Eal / Ed1 1 E ~ o u r  polel 

1. 181 1.000 ,014 ,014 
11, 191 ,992 ,151 ,150 
21, 201 ,894 ,291 ,260 
31, 21 1 ,562 ,432 ,243 
41, 22 1 ,021 ,573 ,012 
51, 23 1 ,272 ,708 ,193 
61. 241 ,048 ,828 .040 
71, 251 ,238 ,922 ,291 
81. 261 ,489 ,982 ,480 
83.5, 263.5 ,710 ,991 ,704 
91, 27 1 ,993 1.000 ,993 
96.5, 276.5 ,710 ,991 ,704 
101. 28 1 ,300 ,973 ,292 
111, 29 1 ,271 ,906 ,246 
121, 30 1 ,047 ,805 ,038 
131, 31 1 ,262 ,682 ,179 
141, 32 1 ,130 ,545 ,071 
151, 33 1 ,651 ,404 ,263 
161, 34 1 ,928 ,263 ,244 
171, 351 ,996 ,124 ,120 

UPPER HALF-POWER POINT REPEATER - ELEVATION 

HORIZONTAL 

IS 6WOFEET(1829 METERS) 

CONCERN AND LOWER H A L F -  
POWER POINT 

fig. 6. By selecting the proper beam tilt through the information presented in  the text, shadowing may be eliminated 
through maximum utilization of the repeater antenna pattern. The curvature of the earth and the angle from the repeater 
to  the horizon must also be considered. 
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table of linear array  pattern^,^ I discovered that a pro- 
gressive phase delay of the lower Four Pole elements 
would, in theory, tilt the beam downward. In prac- 
tice, the phase delay is accomplished by placing ap- 
propriate lengths of 50-ohm coax cable between the 
antenna element feed points and the 72-ohm phasing 
harness, as illustrated in fig. 5. Although it is not 
necessary to add any length to the top element, 
doing so overcomes any phase errors caused by the 
addition of connectors used in the lower element 
phasing sections. 

determining downtilt 
The first step in formulating a downtilt is to deter- 

mine two depression angles. The first is the angle of 
the horizon and the second is the deepest angle 
where repeater shadowing is not to be allowed. Eqs. 
4 and 5 may be used for these angles respectively.' 

where: Ah = The depression angle to horizon 
(degrees) 

P = The elevation dqference of the re- 
peater site over the average terrain 
elevation feet - multiply meters by 
3.28) 

A = 
0.0109 H 

D (5) 

where: A = The depression angle (degrees) 

H = The elevatzbn difference of the re- 
peater site over the nearest point of 
shadowing concern feet - multiply 
meters by 3.28) 

D = The horizontal distance from the re- 
peater to the nearest point of shad- 
owing concern (miles - multiply 
kilometers by .62) 

Once these angles are known, the half-power beam- 
width of the Four Pole may be fitted to these angles 
to provide optimum coverage. 

For example, assume a repeater is located on an 
8500 foot (2591 meter) peak overlooking a valley with 
an elevation of 4000 feet (1220 meters) and the differ- 
ence in elevation occurs over a distance of five miles 
(eight kilometers). Because the area is fairly moun- 
tainous, the average terrain height to the horizon 
could be estimated at 6000 feet (1829 meters). From 
eq. 4 and 5, the two depression angles are Ah = 0.76 
degrees and A = 9 .8  degrees. 

Fig. 4 and table 1 show the half-power beamwidth 
of the Four Pole to be very close to 13 degrees or 6.5 

2 0  CLS:PRINT:PRINT 
3 0  PRINT" ANTENNA POLAR PLOTTING PROGPdM ' . *" 
4 0  PR1NT:PRINT" BY LEE BARRETT K7NM 1981"  
50  PR1NT:PRINT" + * PRESS ANY KEY TO CONTINUE. . '" 
KO V=RNllI1'41 I - - . . .. . - % - . , 
70 rou x=15360+63 TO 15360 STEP-]:POKE X.Y:NEXT 
80  FOR X=15360 TO 1 6 3 8 3  STEP-64:POKE X.Y.IIEXT 
90  FOR X=15361 TO 16383 STEP-64:POKE X,Y:NEXT 
100 FOR X.15362 TO 16383 STEP-64:POKE X.Y:NEXT 
110 FOR X=15360+960 TO 16383:POKE X,Y:NEXT 
120 FOR X=16383 TO 15360 STEP-64:POKE X.Y:NEXT 
130 FOR X.16382 TO 15360 STEP-64:POKE X.I:NEXT 
1 4 0  FOR X=16381 TO 15360 5TFP-64:POKE X.Y:tlFXT .... . . 
150 R$=INKEYS.~FRS=""THEN 1 5 0  ELSE 1 7 0  
160 GOTO 60 
1 7 0  OIM E(360),M(70,50).Z(360),Y(3601:GS="IIIUIUU#~' 
lil" "I c 
i 9 0  ~ R ~ N T " T Y P E  NUMBERS GREATER THAN 1 0  FOR A YES ANSWER AND NUMBERS LESS THAN 1 
0 FOR A NO ANSWER TO QUESTIONS." 
200  PR1NT:PRINT 
210 1NPUT"INPUT THE NUMBER OF ANTENNAS.";N 
220 PRlNT 
ij0 INPUT"~NPUT THE SPACING I N  WAVELENGTH.";O 
240 PRlNT 
250 1NPUT"ItIPUT THE PROGRESSIVE PHASE SHIFT I N  DEGREES.";P 
260 PRINT 
270 1NPUT"INPUT DEGREE STEP OESlREO FOR CALCULATIONS.";K 
280 CLS 
740 C = 7  14159 --" - -. . . 
300 R=((2*C1/3601 
310 FOR A = l  TO 360 STEP K 
320 s = ( ( ( ~ * C * O ~ * C O S ( A * R ~ ~ + ~ P * R ) )  
330 B=fN*SIN(SI2)1  

420 1NPUT"PLOT ARRAY?" ;X 
4 3 0  I F  X > 1 0  THEN 680 
4 4 0  INPUTMNEW PATTERN?";X 
45n IF x . I n  THEN I R ~  

520 T=COS( (C/2)*COS(A*R)) 
530  Z(A)=T/B 
540 PRINTTAB( i l ) "ANGLE=" ;A;TAB(23 )"E= '  
550 NEXT A 
560 1NPUT"PLOT D l P O L E 7 " X  
570 I F  X > I 0  THEN 720 
580 PRINT"F0UR POLE PATTERN:" 
590 FOR A=? TO 360 STEP K 
600 E(A)  = E ( A l * Z ( A )  
610 P R I N T T A B ( ~ ~ ) " A N G L E = " ; A ; T A B ( ~ ~ ) " E = '  
620 NEXT A 
630 1NPUT"PLOT 4 POLE PATTERN?";X 
640 I F  X , l 0  THEN 680 
650 INPUT"QUIT?";X 
660 I F  X, 1 0  THEN 1080 
670 GOT0 1 8 0  
680 FOR A = l  TO 360 STEP K 
690 Y l A I = A B S l E I A I ~  
700 N E X ~  A ' ' ' ' 

710 GOT0 750 
720 FOR A = 1 TO 360 STEP K 
730 Y(A)=ABS(Z(A l )  
740  NEXT A 
750 FOR 1=1 TO 64 
760 FOR L=1 TO 50 
770 M ( I  ,L)=O.O 
780 NEXT L 
790 NEXT I 
800 FOR As1 TO 360 STEP K 
810 U=(Y(A)*32)^SIN(A*R)  
820 O=(Y (A)*23)'COS(A.R) 
830 U=(31- INT(U) )  
840  O = ( 2 3 - I N T ( 0 ) )  
850  M(U,O)=l 
860  NEXT A 
870 CLS 
800 PRINT TAB(5O)"REFERENCE ANT" 
090 PRINT TAB(5O)"AT BOT. OF 
900 PRINT TAB(SOI"ARP~Y. ZERO" 
910 PRINT TAB(5O)"AT THE TOP" 
920 PRINT TAB(5O)"WITH C C U  
930 PRlNT TAB(5O)"INCREAS!NG" 
940 PRINT TAB(5OI"ANGLES. 
950 FOR l = l  TO 6 3  
9 6 0  FOR L = l  TO 47 
910 I r  M(I,L)<,I THEN 990 
980 SET ( I , L l  
990  NEXT L 
1 0 0 0  NEXT I 
1010 PRINT@930."CALCULATE NEW ARRAY?' 
1020 INPUT X 
1030 I F  X 110 THEN 180 
1040 INPUYCALCULATE OIPOLE?";X 
1050 I F  X > I 0  THEN 460 
1060 1NPUT"CALCULATE COMPOSITE?",X 
1070 I F  X , I 0  THEN 580 

fig. 7 .  The program presented is compatible with the 
TRS-8WJ microcomputer and may be used to speed and 
simplify the downtilt design calculations. 
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degrees from the beam center to either side. If neces- 
sary, the half-power beamwidth may be widened by 
placing the elements closer together (this can be 
done by substituting proper value of s less than one 
in eq. 2). 

At this point, a decision must be made as to where 
the energy is to be distributed. I decided to use one 
wavelength spacing and to place the lower, half- 
power point at a depression angle of 9.8 degrees. As 
illustrated in fig. 6, the beam must be tilted down- 
ward 3.3 degrees. The upper half-power point then 
occurs at an elevation angle of 3.2 degrees which 
allows some of the signal to bend over the horizon to 
the DX stations. 

Although the calculations may be done by hand 
using eq. 2 and 3, 1 used a computer program for the 
TRS-80 which is listed in fig. 7. As illustrated in fig. 
8, the program results indicate that a three-degree 
depression angle can be achieved with a fifteen- 
degree progressive phase delay to the lower Four 
Pole elements. The fifteen-degree phase delay coax 
length is calculated using eq. 6. 

where: L = The phase delay coax length (centi- 
meters - divide by 2 .54  for the length 
in inches) 

C = Velocity of a wave in free space 
(300,000,000 meters/second) 

f = The operating frequency (Hertz) 

fig. 8. A 15-degree progressive phase delay (with the 
top dipole having the shortest delay line) produces the 
indicated beam tilt. The main radiation is depressed 
nearly 3 degrees from vertical while the half-power 
beamwidth remains near 13 degrees. The array is cen- 
tered on the 0 to  180 degree axis wi th  the top dipole in 
the 0 degree direction. 

P = The phase delay required (degrees) 

V = The uelocity factor of the coax to be 
used 

The phase delay length for 146.88 MHz will be 2.25 
inches (5.72 cm), assuming the velocity factor of the 
coax to be 0.677. Referring to fig. 5, the phase delay 
coax lengths from top to bottom will be 2.25 inches 
(5.72 cm), 4.5 inches (1 1.43 cm), 6.75 inches (17.15 
cm), and 9 inches (22.86 cm), respectively. 

mechanical considerations 
If the Four Pole is to remain free-standing in a high 

wind and ice environment, the antenna should be 
guyed at the top. A nonconducting guy cable such 
as Phillystran@ may be used with standard-size cable 
 clamp^.^ The bottom three to four feet (.914 to 1.22 
meters) should be steel guy cable to prevent rodent 
damage. 

Having worked on some pretty tough sites, I put 
quite a lot of thought into a Four Pole that would sur- 
vive. Fig. 9 details such an antenna, which I intend to 
test in the near future. A nonconductive support 
structure such as a wooden pole is ideal. However, 
with the antenna spaced a wavelength from the sup- 
port structure, even a metal tower should not greatly 
degrade the pattern. 

The antenna is constructed of alternate sections of 
the insulating guy material previously mentioned and 
no. 10 solid copper. Sections of PVC pipe are used to 
protect the horizontal runs of the phasing harness 
coax from ice damage. Since the tensile strength of 
the cable antenna is large, the antenna is used to 
support one end of the PVC sections. The opposite 
PVC section ends are clamped to the support struc- 
ture. 

A turnbuckle is used to tighten the antenna. The 
cross-sectional area of the antenna is small and pre- 
sents a very low wind resistance. Any vibration in the 
cable antenna tends to clear itself of ice. Finally, the 
antenna is omnidirectional because the elements are 
truly collinear. 

conclusion 
Antennas and mousetraps seem to fit the same 

category - someone is always after a better one. At 
present, one downtilt system has been tested. From 
this initial experience, the downtilt seems to reduce 
the amount of mobile chopping usually experienced 
in the canyons and gullies. Only one comparative test 
has been made, and in that test the downtilt was 
generally better than the standard Four Pole in both 
transmitting and receiving. 

This is an early stage in my experimentation with 
downtilt antennas and I would appreciate receiving 
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+ C A B L E  CLAMP 
COATED W I T H  

+ NO 10 W l R E  W I T H  
W I N O S  SOLDERED 
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A / 2  NO 10 W I R E  D IPOLE 

-36 INCHES 1 - I  METER)  

fig. 9. This suggested Four Pole array (constructed of 
cable with high tensile strength) may solve the tough 
environmental problems encountered on mountain 
tops. PVC pipe is used to protect horizontal feed cable 
runs from ice build-up. 

any test results others might gather using these an- 
tennas. 
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short vertical antennas 
for the low bands: 

part 1 

Relative performance of 
5 different shortened verticals 

is compared to 
full quarter-wave radiator 

The increasing popularity of the 160-meter band 
and recent FCC regulatory actions opening the lower 
100 kHz to  normal Amateur operations have attracted 
Radio Amateurs to the top band. Many are discover- 
ing that wire antennas normally used on the higher 
frequencies require difficult to achieve heights and 
lengths for effective operation, especially 160 
meters. 

The decision to investigate verticals rather than 
doublets or other horizontal antennas resulted from 
space limitations and performance requirements. ( A  
maximum height of 35 feet, one of the constraints, 
equates to 118 wavelength on 75 meters and 11 16 
wavelength on 160 meters. Most horizontal antennas 
at this height above ground provide only high-angle 
radiation.) A two-band trapped vertical is described 
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By W. J. Byron, W7DHD, 5 Lambert Lane, 
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fig. 1. Current distributions for three referenced anten- 
nas, each over perfect ground. and 36 watts input to 
antenna terminals. All to scale, so areas are directly 
comparable. (A) Current distribution of A14 vertical 
(reference antenna) against a perfect ground, 181 Cur- 
rent distribution of A116 (23 degree) top-loaded vertical 
against perfect ground, (Cl Current distribution of A116 
(23 degree) base-loaded vertical against perfect 
ground. 



and isolates the top-loading capacity hats with a and the differences between, say 20 degrees and 21 
trap. A short vertical can be nearly as efficient as a degrees in terms of radiation resistance is negligible. 
full-size quarter-wave vertical if it is top-loaded, and Once the calculations were made for the radiation 
has an extensive ground system. resistances, the feedpoint resistances were defined, 

and the final evaluation proceeded 
design considerations 

A quarter-wave vertical has a radiation resistance 
of approximately thirty-six ohms.' In quarter-wave 
(or shorter) systems, over non-ideal ground, a total 
resistance (RT) would be: 

where R, = radiation resistance 
RQ = circuit resistance 
R, = ground resistance 

Fig. 1 illustrates the calculated current distribution 
for three verticals. Fig. 1(A) is a plot of the current in 
the perfect quarter-wave, fig. l (B1 for a 23-degree 
high, top-loaded vertical, and fig. 1(C) for a 23- 
degree high, base-loaded system. Figs. 2 and 3 show 
the values for helical, center-loaded, and 50150 top- 
and base-loaded verticals, all 23 degrees in electrical 
height. The calculations show that short verticals can 
be nearly as efficient as full-size antennas. (The 23 
degree electrical length is related to my height re- 
striction.) 

Short antennas have current distributions that can 
be approximated by triangular or trapezoidal shapes. 
The set of curves illustrated in fig. 4, extrapolated 
from a standard reference volume on antenna 
designz are used to  determine the radiation 
resistance of short verticals for defined current 
distributions. 

The curves worked very well for the 160-meter ver- 
sion of my antenna. I departed from the specific 
domain of the curves in the evaluation of the radia- 
tion resistance of the 75-meter system. The 19-ohm 
resistance for a top-loaded 48.9-degree-high vertical 
(determined from fig. 4) is very close to the meas- 
ured value and to the value derived by original meth- 
ods. Figs. 5 and 6 resulted from my not knowing 
how far lor whether) to extrapolate the curves in fig. 
4. Fig. 5 has been modified to fit two well-measured 
resistances, but it is within three to five percent on 
the curve as derived. As modified, it is probably with- 
in one percent anywhere for 0 between 3 and 90 
degrees. Fig. 6 presents the radiation resistances of 
base-loaded verticals ranging from 6 degrees to 90 
degrees in height. Other combinations of base-load- 
ing and top-loading result in radiation resistances 
somewhere between these curves. 

Free-space wavelengths were used to calculate 
antenna heights. No attention was given to the ele- 
ment length-to-diameter ratio, or to end-effects. For 
most systems the length-to-diameter ratio is high, 

MAXIMUM CURRENT =,,@ . 2 19A 
7 . 5  

A 4 =  I 8 / 2  . 1/2f2.19)123)AMPERE- 
23 DEGREES . 2 5  185 ;  1 -0 .439  
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RAOIANSI 
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- O  Lo ,Ib 
78.5' - - - - _ _ _  - - - _  
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o O  
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RI l fTOTALI  . 1 .73 I l .  Ib = 4 5 5 8  AMPERES 

( A 5  + A6 W I AMPERE -RADIAN) 

fig. 2. Current distributions for 1/76 (23 degree) helical 
and 1/16 center-loaded vertical antennas over perfect 
ground. No coil loss is assumed in center-loaded case. 
but 6-ohm helical ohmic resistance was included in fig. 
Dl. Figure is drawn to same scale as fig. 1. (A) Current 
distribution of X/16 (23 degree) helical vertical over per- 
fect ground, but with 6 ohm helical resistance, IBI Cur- 
rent distribution of XI16 (23 degree) center-loaded verti- 
cal over perfect ground, no coil loss. 
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fig. 3. Current distribution on 1/16 123 degree) vertical 
antenna with equal top- and base-loading. over perfect 
ground, no coil loss. (Same scale as figs. 1 and2.1 
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fig. 4. Radiation resistance versus angular aperture 
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f ig.  5 .  Radiation resistance of  top-loaded vertical 
antennas from 3 to  90 degrees. Theoretically derived 
and modified to  fit measured resistances (Ar less than 1 
ohm at 0 = 50 degrees).  

grees or ampere-radians. The areas under the profiles 
of currents in figs. 1 through 3 are equal t o  one 
ampere-radian for 36-watts of  input power. The one 
exception, the helical antenna, was calculated at six 
ohms rf-resistance in the helicoid, and the integration 
was done graphically, since current varies linearly 
along its length. 

evaluation 
In order to  compare the vertical antennas, a 

ground system consisting of 40 I /&wave radials was 
used. 

A quarter-wave vertical working against this 
ground system (12 ohms at 1.8 MHz) exhibits a 75- 
percent e f f i ~ i e n c y . ~  This ground system is now used 
with the shortened verticals. 

Since the calculated radiation resistance for a XI16 
base-loaded vertical is 1.5 ohms (see fig. 6 with 0 = 

23 degrees), the efficiency is 

where the 2 in the denominator is the rf resistance of 
the wire in the base-loading coil. Consequently a 
base-loaded antenna over the same ground system is 
one-tenth as efficient as a lossless quarter-wave 
antenna. 

Since efficiencies are indicative of radiated field 
strengths, signal levels, referred to  the quarter-wave 
standard, would be: 

20 loglo (relative efficiency) = dB 

In the case o f  the base-loaded vertical, th is 
becomes: 

Table 1 lists the expected performance of seven 
vertical antennas: 

All the calculations are the same, with the excep- 
tion of the helical vertical. It was evaluated by mak- 
ing some assumptions: it requires X/2 of wire to  
achieve XI4 resonance; wire size is No. 12, 250 feet, 
Rn == 6 ohms; overall height is 35 feet, or 23 degrees; 
very small (<  1 degree) top-hat (the pie tin); the cur- 
rent decreases linearly over the helix. 

The current distribution is triangular with an area 
equal to  1/2 10 ampere-degrees. It ranks seventh out 
of seven verticals, and was not further considered. It is 
a poor choice, especially when the amount of mate- 
rial and the difficulty of construction are considered. 

actual design 
In all calculations a lossless quarter-wave vertical Two-band operation would be achieved with the 

was used as reference. Field strength is directly pro- same radiator if a method of switching top hats could 
portional to  the product of the length of radiating ele- be engineered. This was accomplished by use of two  
ment, and the current in that element in ampere-de- separate top hats and a parallel-resonant trap. 
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table 1. Relative ranking of several vertical systems by field strength, constant 23 degrees aperture and constant power 
input. 

antenna 
system 

A 

B 

C 
D 

description 

full-sized XI4 vertical 

full-sized XI4 vertical 

XI16 top-loaded 

A116 top and base loaded 

XI 16 center-loaded 

XI 16 base-loaded 

A/  16 helical 

conditions 

zero losses 

12 ohm ground 

12ohm ground 

12 ohm ground, 
1 ohm coil 

12 ohm ground, 
2 ohm coil 

12 ohm ground, 
2 ohm coil 

12 ohm ground, 
6 ohm coil 

relative field 
strength, dB 

0 

- 2.5 

- 10.0 

ASSUMED POINT - 3 6 0 .  9 0 .  

A 1 AMPERE - RADIAN 
R ? = 3 6 0  A T 8 = 9 0 '  
P = 3 6  WATTS ICONSTANTI 

I = I .  SIN  8 

3 6  

"R" EXAMPLE A :  I. f s l ~ B d 8 :  

I. [ ! -COS 20700]06 O . ~ X ! O " I . I ~ .  
0 3 -  1. = 16 58  AMPERES. I =  16 58 S IN  20. = 

0 2 -  S 67 AMPS 

I 5 10 PO 4 0  6 0  90 

ANTENNA HEIGHT, 8. DEGREES 

fig. 6. Radiation resistance of base-loaded vertical 
antennas from 6 to 90 degrees high, (theoretically 
derived). 

The 75-meter top-hat seemed achievable while 
top-loading on 160 meters (accounting for 67 de- 
grees or 105 feet of missing vertical) seemed more 
formidable. One source in 19154 describes short verti- 
cal antennas that use umbrella-loading for top hats. 

trap affects performance 
Antenna performance depends on the behavior of 

the trap, tapped onto the 75-meter section at the 49 
degree point. The voltage is estimated at 1200 volts, 
peak, at a one-kilowatt power level. Since the large 
umbrella is connected to the other side of the trap, 
that end is assumed to be held constant at or near 
zero potential. The entire voltage appears across the 
trap. 

The T-200-2 (red core) powdered-iron toroids were 
wound with No. 12 solid copper wire and resonated 
with 400 pF at 3.8 MHz. The fundamental wave 
shape was observed at the kilowatt level for signs of 
distortion and for ticks in the reflected power on the 
Bird wattmeter. This was done to determine whether 
the trap core saturates. No calculation was perform- 
ed during design - an oversight. 

The trap is subjected continuously to the same 
abuse as is a tank circuit of a kilowatt linear which is 
unloaded, dipped to resonance, and driven by an ex- 
citer. Any trap must be designed to withstand that 
treatment. Consequently, any trap in any system 
should be built from the same size and quality com- 
ponents used in the amplifier that drives them - 
preferably better quality. 

power dissipated in the trap 
With a trap-resonating capacitance of 400 pF, and 

a trap-inductance of 4.5 FH, both exhibit 108 ohms at 
3.8 MHz, while the ten feet of No. 12 wire has an rf 
resistance of 0.25 ohms. This calculates to 31 watts 
of power, dissipated by the trap. This would prove 
very significant if the antenna were subjected to five 
or ten minutes of RTTY or a-m operation. 

These considerations must be balanced by other 
factors. If the trap Q is increased, the loss is reduced; 
but so is the system bandpass. These are engineering 
trade-offs. The trap in this system effectively limits 
the 75-meter bandpass (between 2:l VSWR points) 
to 86 kHz. Other methods are used to circumvent 
that limitation. 

Another characteristic of short antennas is their 
very low feedpoint impedance - so low that it is 
sometimes hard to measure. In highly efficient sys- 
tems the inclusion of even one ohm of non-radiating 
resistance will make a significant change in the feed- 
point resistance. The equivalent series-input resis- 
tance (Rn) of the trap resistance, calculated above, 
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may be estimated very closely if the as-built base cur- 
rent is known: 

Given Po = 30.9 watts (dissipation in trap) 
and Is = 7.14 amperes 

30.9 - 30.9 - 0.61 ohms then Req = -- - --- - 
(7.1 4)2 5 1 

So it is known already that the trap with its 0.25ohm 
coil resistance will be reflected at the antenna base as 
0.61 ohm in series with the other instrinsic resis- 
tances. 

The calculated radiation resistance for the 75- 
meter system is 19 ohms. The measured feedpoint 
resistance is 19.6 ohms. It is highly probable that the 
0.6-ohm discrepancy can be explained by the rf resis- 
tance of the trap, calculated in the preceding para- 
graphs. 

The construction, measurements, and perform- 
ance characteristics of verticals in general, and of a 
two-band trapped vertical antenna in particular, will 
be described in Part 2, the conclusion of this article. 
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handi-antennas 
Three antenna improvements 

for 2-meter hand-helds - 
including a backpack beam! 

No Amateur Radio station is better than its anten- 
na. Most antenna articles seem to be for DXers or 
big-gun contesters, but this article discusses anten- 
nas for use with HT's that you can literally hold in 
your hand. The first is a mechanical improvement in 
attaching the rubber duckie to an HT; the second is 
an antenna with significant gain over the rubber 
duckie; the third is a backpack beam.. 

a mechanical improvement 
One day I had a QSO with WDGFMG who had just 

finished replacing the output connector on his HT. 
He remarked that he had been in the habit of remov- 
ing the rubber duckie every time he put the HT in his 
briefcase or connected the mobile whip. After re- 
moving and replacing the antenna many times, the 
connector had worn down and would not make a 
reliable contact. It was a difficult job to disassemble 
the transceiver and replace the output connector. 

This started me thinking. Wanting to avoid the 
same problem, I looked for a sacrificial connector, an 
adapter that could take the wear and then be re- 
placed easily. My first approach was to use a straight 
male-to-male adapter and a straight female-to-female 
adapter. This served the purpose, but seemed cum- 
bersome. 

Then I discovered that a BNC 90-degree elbow had 
one male and one female end. This could be used as 
a sacrificial connector, but made it necessary to hold 
the HT on its side, which is awkward. 

It's best to use two right-angle adapters. This 

arrangement has several benefits in addition to the 
sacrificial adapter. It is not necessary to remove the 
rubber duckie to put the HT in a briefcase, because it 
folds down compactly. For mobile or other use with 
an external antenna, the two adapters act as a swiv- 
el. This allows the antenna connector to bend and ro- 
tate when the HT is picked up or set down. 

a performance improvement 
Despite the convenience of the rubber duckie, 

there are many times when an antenna with more 
punch is needed. This is particularly true when oper- 
ating simplex, or in populous areas where repeater 
sensitivity must be restricted so that high-power sta- 
tions do not bring up several machines at the same 
time. 

Rubber duckie antennas are not particularly effi- 
cient; a quarter-wave whip can achieve 3 to 6 dB 
more radiated signal than the rubber duckie. Consid- 
ering the threshold effect of fm, 3 dB can make all 
the difference between good copy and no copy at all. 

Several more dB can be achieved over the quarter- 
wave whip by paying attention to the image or 
ground side of the antenna. There have been several 
articles describing the importance of a proper ground 
structure in achieving a low angle of radiation. After 
all, low angle radiation is the name of the game to in- 
crease your coverage on 20 meters or 2 meters. 

The easiest way to provide the ground side of the 
antenna is to use another quarter-wave whip posi- 
tioned down from the antenna feed point. The result 
is really a center-fed vertical dipole. I made this type 
of antenna as an experiment, and was very pleased 
with the improvement in signal strength for such a 
simple design. I have since used the dipole antenna 

By Paul A. Zander, AAGPZ, 86 Pine Lane, Los 
Altos, California 94022 
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The station, ready to be assembled. The longer antenna 
parts are in a plastic bag. The smaller pieces and a length of 
coaxial cable are in the smaller pouch. (Photo courtesy 
N6ST. 1 

to make contacts that would have been impossible 
with only a quarter-wave antenna. The half-wave di- 
pole seems to be competitive with a five-eighths 
whip without the problem of damaging the ceiling. 
Of course, you can reduce the half-wave to a quar- 
ter-wave when signals are strong enough. 

The half-wave antenna is basically two quarter- 
wave whips and a BNC tee adapter. The only trick is 
that the two whips must be fed out of phase: one 
whip connects in the normal fashion to the center 
conductor; the other whip is electrically connected to 
the outside of the connector. This is just like an 80- 
meter dipole connected to coax cable, where one 
side of the antenna is connected to the cable shield. 

One way to make the required connection is to 
modify the tee fitting so the center conductor on one 
end connects to the outside of the connector instead 
of the other center conductors. This procedure 
should take only a few minutes. Carefully drill a small 
hole, about 1/8-inch (0.32-cm) diameter, slightly 
closer to one end than the other. Drill through the 
center conductor close to where it joins the center 
conductor from the side arm. If you are uncertain 
precisely where to drill, it may be preferable toenlarge 
the hole in the connector shell. Then use a pointed 
knife blade to cut away the plastic and expose the 

three center conductors where they join. Next drill 
through the center connector going to one end. Be 
sure to leave the remaining two center conductors 
joined. 

The next step is to remove the piece of center con- 
ductor from the connector. If you are lucky the piece 
may drop out, but the drill probably will have created 
enough of a burr to hold the piece in place. Insert a 
short length of 18-gauge wire into the center con- 
tact. This will allow a pair of tweezers to grasp the 
contact without damaging the contact fingers. Gently 
pull the cut center conductor out of the end of the 
connector. 

The piece of 18-gauge wire can serve as a handle 
while you perform the next steps on the piece you 
just removed. Trim this piece a little bit shorter so 
there will be a gap when it is re-installed. Solder a 
short piece of flexible wire to the end of the cut 
piece. 

You are now ready to reassemble the connector. 
Thread the wire and attached piece of center con- 
ductor back into the connector. Solder the end of the 
wire to the outside of the connector. Use an ohm- 
meter to verify that the rewired center conductor is 
connected to the outside of the connector and not to 
the other center conductors. Fill the hole with epoxy 
to provide mechanical support for the rewired center 
conductor. When the glue hardens you are ready to 
try it out. 

A completely different approach is to use a stan- 
dard tee fitting, one standard whip and one modified 
whip. The connector of the modified whip has its 
center pin and insulating spacer removed. The insu- 
lator is replaced by a solid metal piece so the whip 
connects directly to the shell of its connector. 

still more gain 
My next design objective was to design and build a 

2-meter antenna with 10-dB gain which could be 
folded or disassembled into a size not more than 16 
inches (40 cm) long: small enough to fit into a back- 
pack. But what kind? 

table 1. Gain of driven arrays. 

number of elements possible gain 

1 0 dB (reference) 
2 3 dB 
4 6 dB 
8 9 dB 

16 12 dB 
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How much gain can you achieve with a driven 
array of dipoles? Adding a second dipole to the refer- 
ence antenna can add up to 3 dB to the gain figure. 
Another 3 dB is achieved by adding two more dipoles 
to the array, for a total of four elements. Table 1 
summarizes the number of elements required for a 
driven array of given gain, and shows why a driven 
array of dipoles is not attractive for use as a portable 
antenna. 

This brings us to another category of antennas, 
parasitic arrays. Table 2 shows the gain you can 
expect from a properly designed Yagi or quad using a 
reasonable number of elements. From this, we can 
expect to get 10-dB gain over a dipole from either a 
four-element Yagi or a three-element quad. This is 
much more promising than a ten-element driven 
array. In fairness, it should be pointed out that driven 
arrays can generally be made to work over a broader 
range of frequencies than parasitic antennas. Also, a 
quad or Yagi will require rotation toward the station, 
while a colinear antenna, having an omni-directional 
pattern, does not. 

Quads are great antennas. I used a full-size quad 
on 20 meters for many years. Quads can also be me- 
chanical marvels (or monsters depending on your 
point of view). The challenge is to build a bigger an- 
tenna that packs smaller! Quad antennas usually 
have mechanical spreaders which support the ele- 
ments. In contrast, Yagi antennas usually have self- 
supporting elements. These observations led me to 
expect that a cleverly designed Yagi antenna was the 
way to proceed. 

construction details 
This antenna design represents a compromise be- 

tween locally' available materials, package size, and 
antenna performance. I decided to build a four-ele- 
ment Yagi which is assembled something like a cus- 
tom ErectorTM Set. The boom and mast are each 
made from pieces of aluminum angle-stock. This 
allows the pieces to nest together when the antenna 
is packed. The elements are made of pieces of small 
diameter aluminum tubing. By making the individual 
boom pieces 16 inches (406 mm) long, three pieces 
can make a 48-inch (1220-mm) boom. This is a rea- 
sonable size for a four-element Yagi on 2 meters. 
Also, by making the element spacings 16 inches (40 
cm), the centers of the driven element and first direc- 
tor will be at joints in the boom, leaving fewer places 
where parts have to be joined. 

Having established the element spacings and 
diameters for mechanical reasons, I next needed to 
calculate the element lengths. Fortunately, I have a 

computer program for Yagi antennas. It includes an 
optimizer routine, which allows the computer to sys- 
tematically try many combinations of antenna dimen- 
sions to find those that would give good performance. 

table 2. Possible gain for Yagis and quads with dif- 
ferent numbers of elements. 

number 
of elements Yagi gain quad gain 

1 0 dB (reference) 2 dB 
2 5-6 dB 7-8 dB 
3 8-9 dB 10-11 dB 
4 10-11 dB 12-13dB 
5 11-12dB 1 3 - 1 4 d ~  

For this particular antenna, I was most interested 
in achieving gain over the entire 2-meter band. Front- 
to-back ratio was not considered important. There 
are many combinations of element spacings and 
lengths which could be expected to give similar per- 
formance. However, the spacings were chosen for 
mechanical reasons. Furthermore, by making the 
two directors identical in length, the possibility for 
errors when assembling the antenna is eliminated. 
These compromises probably cost a dB or so over an 
antenna intended for maximum gain at one frequen- 
cy, but were considered worthwhile. 

As mentioned, aluminum angle-stock is used for 
the boom and mast. The boom is made from three 
pieces of 1 /2 x 112-inch (13 x 13-mm) angle. Each 
piece is 16 inches (406 mm) long. Hence,'the assem- 
bled boom is 48 inches (1220 mm) long. Similarly the 
mast is made from three pieces of 112 x 1-1 /2-inch 
(13 x 38-mm) angle. The pieces of the mast and 
boom are joined by small aluminum blocks and 8-32 

Close-up of the joint between the first director and the 
boom. The boom is made from lengths of aluminum angle- 
stock which are fastened to the block by screws. The ele- 
ment halves screw into the sides of the same block. 
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-gW* - .-.--. -.7 .- 7-T -zz.-'*k ' The thread size was chosen to be compatible with 

: ;q W..., the tubing-wall thickness and inside diameter. You 
may well find that a slightly larger or smaller size is 

. -.- 
. . , . w 4. better suited to your tubing. 

Assembly is begun by lining up the boom pieces 
and tightening the screws. Then the mast is assem- 
bled and connected to the boom. Next, the center 
sections of the elements are screwed into the sides of 
the same blocks which join the boom pieces. Finally, 
the element tips are put in place. 

The antenna can be easily assembled or disassem- 
bled in under five minutes. At current prices, all of 
the material costs about $10 at the local metal sup- 
plier. The whole thing weighs under two pounds, 
which is certainly less than an amplifier and power 
supply 

The boom is assembled and the first part of the mast is 
added. (Photo courtesy NGST.) 

cap screws. Slots in the ends of the aluminum angle 
allow the pieces to slide apart when the screws are 
loosened, without being completely removed. Keep- 
ing the screws in the blocks reduces the effort 
needed to reassemble the antenna. The cap screws 
can be hand-tightened adequately for temporary use. 
I carry a small hex-wrench to tighten them more 
securely for longer operating periods. 

The elements are made of 114-inch (6-mm) alumi- 
num tubing. The eight tip sections are each 16 inches 
(406 mm) long. The center sections are 2 inches (50.1 
mm) long for the directors, 3 inches (76.2 mm) for 
the driven element, and 4 inches (101.6 mm) for the 
reflector. Making the center sections different 
lengths makes it very easy to put them in the correct 
place on'the boom. The correct tip section is always 
the top piece on the pile. 

On each of the sixteen element-pieces, the end 
towards the boom has a permanently attached 8-32 
thread. This was done by first tapping a screw thread 
inside the tubing. Next the end of a 0.5-inch (12-mm) 
headless set-screw was dipped in epoxy. Then the 
set screw was threaded into the end of the element 
piece until about 0.25 inch (6 mm) was exposed. 
Aftertheepoxy set, thescrewwas permanently fixed. 

The outer end of each of the center sections has 
an internal 8-32 thread to receive the screw from the 
tip section. This thread is installed by reaming the in- 

table 3. Final element lengths. 

Director 1 36.5 inches 927 mm 
Director 2 36.5 inches 927 mm 
Driven Element 38.5 inches 978 mm 
Reflector 40.5 inches 1029 mrn 

- 

feedline matching 
Nothing has yet been said about connecting the 

feedline. The center of the driven element is a Plexi- 
glasTM block instead of the aluminum blocks used 
elsewhere. The driven element is fed as a center-fed 
dipole. With no matching circuit, the SWR is about 
6: 1. 

The original plan was to make a small circuit board 
with a suitable impedance-matching circuit. This 

side of the tubing to the correct diameter andputting 
a steel-threaded insert in the tube. These inserts are Close-up of the driven element and matching circuit. The 

mechanics are the same as Photo 2 except that the block is 
commonly sold to repair threads which have been acrylic plastic and the coax cable is connected to the two 
stripped. Here the insert protects the aluminum from sides of the driven element. The tubular capacitor is used 
wear as the antenna is assembled and disassembled. for impedance matching. 
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approach was expected to be smaller and lighter than 
a gamma match or some of the other impedance- 
matching methods. After some experimenting with 
different matching circuits, it turned out that a simple 
capacitor is all that is needed. Without matching the f : 

-+"! 
driven element would present an impedance consist- 
Ing of a small resistance and inductance. The addi- 
tion of a 10-pF capacitor across the antenna termi- 

i 

nals provides a VSWR of 1.5 to 1 to the feedline 
(over the entire band). 

I * "* ' *  Experiments were made with the center conductor . .. 4 of the coax connected to the top side and the bottom 
side of the driven element. The antenna seemed to b, 
work better with the top side connected to the center 

. . 6. 
conductor. Possibly there is some interaction with , ,  I t  .. 
the metal mast which is on the bottom of the anten- .. 8 ,  ?&. , 

na. Experiments were also made with and without a 
balun. The balun does not seem to offer any im- The author carrying the complete station to a hilltop operat- 

ing site. (Photo courtesy N6ST.l 
provement, and so is not included in the final design. 

performance measurements 
Antenna gain was checked in two ways. The first 

way was to switch between a dipole and the beam 
while asking the receiving station for a comparison. 
This yielded reports as high as 20 dB. 

More reliable measurements can be made compar- 
ing the received signal strength. A switchable attenu- 
ator should be put in the feedline. A moderately 
strong signal is then tuned in, and the attenuator 
adjusted until the signal just breaks the receiver 
squelch. Next, the beam antenna should be con- 
nected and the attenuator readjusted until the signal 
breaks the squelch. The difference (in attenuator 
readings) is antenna gain. For tests in clear locations, 
the gain measures about 10 dB, as expected. 

Under conditions of multi-path propagation, re- 
sults are less consistent. Small changes in the posi- 
tion of the reference dipole make a big difference in 
the received signal-strength. 

However, since multi-path propagation is a corn- 
mon occurrence on 2 meters, let's consider it for a 
moment. In multi-path propagation, obstacles and 
reflecting objects cause the signal to reach the re- 
ceiving antenna from two or more different direc- 
tions. For simplicity, consider the extreme case 
where there are two signals of equal strength. At 
some antenna locations, the signals are out of phase 
and cancel. In this case no net signal will be picked 
up by the antenna. At other locations the signals will 
be in-phase and add. The antenna will pick up a total 
signal which is 6 dB stronger than if the antenna only 
picked up one of the signals. Under these conditions, 
a carefully placed vertical dipole could equal the per- 

formance of a directional antenna with 6-dB gain. 
This is the type of effect which I have observed 

with the portable beam. Under conditions of severe 
multi-path propagation, it does not have the 10-dB 
gain over a dipole. However, the beam does have a 
different advantage: it is much less sensitive to posi- 
tion than the dipole. In trying to raise a distant re- 
peater, aiming the beam in the right direction and 
making one transmission is all that is necessary. With 
the dipole, several attempts may be needed to find a 
good spot. Even then, a 10-dB beam still has an ad- 
vantage in signal strength. 

alternative construction ideas 
I would like to suggest two other ways to build a 

portable beam. First, instead of tubing the elements 
could be made from pieces of metal measuring-tape. 
The tape would be strong enough to hold itself up 
when the antenna is in use. The elements could then 
be coiled up for carrying. 

A more exotic scheme would be to build the anten- 
na on a sheet of Mylar plastic with elements made of 
strips of aluminum foil. Such an antenna could be 
folded up and put in your shirt pocket. The difficulty 
with this design is finding a way to hold the antenna 
up when you wish to operate, and keeping it from 
blowing away in a breeze. 

conclusion 
I am sure that any of these three ideas will make 

your 2-meter portable operations more enjoyable. 

ham radio 
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achieving the 
perfect VHF 

Principles borrowed from 
a-m broadcasters 

permit steerable nulls 
with theoretically 

infinite attenuation. 
With fixed-location VHF stations, such as repeat- 
ers, a situation sometimes occurs where more than 
one station is received on a given channel, and one 
of them must be rejected. A common solution has 
been to use a directional antenna such as a Yagi. 
However, a single antenna may not provide the re- 
quired signal rejection. 

For years, standard a-m broadcast stations have 
used directional antenna systems to solve interfer- 
ence problems. The principles involved are applicable 
not only to the standard a-m broadcast band, but 
also to VHF antenna systems. Many problems can 
and have been solved using only two  antenna^.'.^,^^^ 

design considerations 
Several factors are important in the design of an 

antenna system capable of peaking signals from one 
direction while nulling those from another. For peak- 
ing, two signals must be in phase. For signal nulling, 
the basic requirement is having two signals that are 
equal in amplitude and have a phase difference of 
180 degrees. * 

"Theoretically, any number of signals can add up to a zero ampl i~  
tude result (signall. However, it rapidly becomes more difficult to 
null Increasing numbers of independent, t~me-varying signals. 
Editor. 

antenna null 
A two-antenna system that provides a peak in one 

direction and a null in another is shown in fig. 1. 
Signals from direction A arrive at both dipoles (hori- 
zontal or vertical) at the same time. The spacing be- 
tween the two antennas cause signals from direction 
B to arrive at antenna 2 with a time difference equal 
to one-half wavelength, equivalent to a 180-degree 
phase shift. If both antennas are fed in phase (equal 
length feedlines), signals from direction A add while 
those from B cancel. 

The equation for determining required spacing is: 

where a is the angle between the desired signal and 
the undesired signal directions; f is the frequency in 
MHz; and S is the antenna separation in inches. 

The nulling arrangement works well with practical- 
ly any antenna - horizontal dipole, vertical dipole, 
and Yagi, etc. The angular displacement between 
the directions of the two signal sources may be any- 
thing from 0 to 360 degrees. Since the same absolute 
value of the sine function occurs four times over a 
complete rotation, any pattern is symmetrical and ex- 
hibits four separate nulls. Consequently, the required 
spacing for an angular displacement between signal 
sources of 45 degrees is the same as that required for 
one of 135 degrees, 225 degrees, or 315 degrees. 
Other antenna separations, such as odd multiples of 
S, can provide the same results. However, there is a 
limit to practical applications of this system. The 
spacing required for angular displacements around 
0 degrees and 180 degrees becomes too large to 
implement. 

By John J. Duda, K3E0, 4311 Sunset Blvd., 
Erie, Pennsylvania 16504 
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more practical nulling methods ment can be relaxed if additional techniques, such as 

Required mechanical tolerances for antenna place- 
electronic control of phase-shift and amplitude, are 
employed. The exact 180-degree phase shift for the 

I 
I 
I 
I 

I 
1 WAVEFRONT 

I 

A I 
I 
I 
I 
I 
I 

fig. 1. Example of simultaneous peaking (from direc- 
tion A) and nulling (from direction B) using a two-ele- 
ment array. 

fig. 2. Adjustable-length coaxial line section with con- 
stant impedance. 

undesired signal may be set by feedline length, and 
variable gain preamplifiers may be used to provide 
two signals of equal amplitude. An adjustable feed- 
line design5 that provides a continuous phase shift is 
illustrated in fig. 2. 

Construction of this is not a simple task. However, 
a small amount of error is tolerable; fig. 3 is indica- 
tive of a practical feedline design. Many hobby stores 
stock, or can obtain, brass tubing with a wall thick- 
ness of 1 /64 inch and diameters at 1 /32-inch grada- 
tions. Adjacent sections telescope together, and by 
proper selection of tubing size for the inner and outer 
conductors, the characteristic impedance of each 
section can be set to approximate either 50 ohms or 
75 ohms at a unity velocity factor. As it works out, 
type F and BNC connectors are well-suited for mount- 
ing into the ends of these. For some of the smaller 
diameter units, however, it is necessary to file down 
the end of the connector for best fit. 

To assure a solid assembly, the flange of each con- 
nector should be spot-soldered to the tubing. A 
string is clamped to each end, slightly shorter than 
the maximum extended length of the section, to pre- 
vent the section from separating into two pieces dur- 
ing adjustment. Table 1 lists practical combinations 
of tubing for use with type F and BNC connectors. 

Amplitude match, the second condition, is ob- 
tained using the preamplifier shown in fig. 4. The 
preamplifier uses an untuned input circuit to reduce 
gain variations prior to signal combining. Any pream- 
plifier instability can be reduced by placing a low- 
value resistor (10-27 ohms), or ferrite bead, in the 
drain lead of each J310. 

A complete system that uses Yagi antennas in the 
array appears in fig. 5. The phase section and pream- 
plifier unit were adjusted using signals in the fm 
broadcast band. In many cases signals could be null- 

table 1. Brass tubing combinations for practical adjustable-length sections using 75-ohm and 50-ohm coaxial cable. I 
average 

impedance impedance impedance 
conductor section A (ohms) section B (ohms) (ohms) 

outer 13/32 OD 65.9 12/32 OD 77.9 71.9 
inner 4/32 OD 3/32 OD 

outer 
inner 

outer 
inner 

outer 
inner 
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TYPE F OR BNC 

STRING I CHASSIS MOUNT 

TYPE F 4 CONNECTOR) 

SECTION A - SECTION 8 

HOSE -- t -  HOSE 
CLLtMP CLAMP 

fig. 3. Adjustable-length coaxial line section using 
brass tubing with each half approximating impedance 
of associated cable. 

ed down to noise level. In some cases nulling one 
station revealed another station on the same channel. 

RFC J310 

system limitations 

J310 

v ,, 
N I 

The system is not totally effective in cases of multi- 
path, where the undesired signal arrives from more 
than one direction. Nor is the system totally effective 
if the antennas are not rigidly mounted. It takes very 
little physical displacement to upset a perfect null 
setting; this means antenna rotators cannot be used 
as they provide too much variability in setting, as well 
as backlash. 

Although the antennas are electronically fine- 
tuned for nulling the undesired signal, such care, as 
mentioned before, is not required for peaking. An 
error of as much as 10 electrical degrees from bore- 
sight reduces the gain by only about 0.3 dB. 

1 

special case: 

Except as Indicated, decimal 0 . 0 0 1  
values of ~apac l tan~e  are In micro. rt 180 

farads fi.Fb others a n  In plcofaf. + I 2 V  

ads ipF); ratlalancer a n  In ohms. 
k = 1,OW M = 1,OW,000 

fig. 4. Diagram of preamplifier unit for adjusting signal 
level from each antenna. 

180-degree displacement 
If the signal to be rejected is coming from the 

direction opposite the desired signal, another config- 
uration can be used. Fig. 6 shows two antennas, a 
quarter-wavelength apart and fed 90 degrees out-of- 
phase. Signals from A hit antenna one 90 electrical 
degrees before they hit antenna two. Since the feed- 
line from antenna one is 90 electrical degrees longer 
than that from antenna two, signals from direction A 
arrive in-phase. On the other hand, signals from B hit 
antenna one 90 electrical degrees after they hit 
antenna two. They are further delayed another 90 
degrees by the long feedline to antenna one, giving a 
total phase shift of 180 degrees. Spacings at any odd 
multiple of a quarter-wave also provide nulling. 

Fig. 7 shows how Yagis may be used in a system 
exhibiting infinite front-to-back ratio. Again, the 
peaking criteria need only be approximated, while 
the system is electronically fine-tuned to give total 
nulling of the signal off the back. Slight shifts in 
spacing and/or feedline length may be used to gen- 
erate nulls in the vicinity of 180 degrees. The null can 
be slewed off the 180-degree direction by changing 

PREAMPLIFIER 
ANTENNA 1 UN IT  

ANT-' a RECEIVER 

ADJUSTARL E 
LENGTH [ ] 

FEEDLINE  

fig. 5.  Practical antenna system with electronic null 
adjustment. 

' 1 k FEEDLINE FROM ANWNNA I  I 
IS A QUARTER WAVE LONGER 

I THAN THAT FROM ANTENNA 2 

fig. 6. Dipole pair setting for peaking signals from one 
direction and nulling those displaced 180 compass 
degrees. 
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AOJUSTABLE 
LENGTH LlNE 

ADJUSTABLE 

ADJUSTABLE 
VOLTAGE 

POWER 
SUPPLY 

POWER 
1/4 LINE AMPLIFIER 

- R E C E I V E R  

I L E N G T H L I N E  

I SECTION 

7 L + 1 / 4  

L -  

ANTENNA I 

fig. 7 .  Practical antenna system wi th  "infinite" front- 
to-back ratio. 

+ ?  

,? 

75. ( 0 C I 
1/4 LINE AMPLIFIER ANTENNA 2 

ADJUSTABLE 
VOLTAGE 

POWER 
SUPPLY n 

fig. 8. Null adjustment with a transmitting system. 

antenna spacing, feedline length, or both. Another 
method is to maintain the 180-degree null point and 
to aim the back of the array toward the undesired 
signal. 
the first system, or at some odd multiples of a quar- 
ter-wave in the second system, has value. The closer 
together two antennas are placed, the more they in- 
teract. Wide spacing effectively reduces this inter- 
action. 

transmitting arrays 
Null principles can be applied to transmitting sys- 

tems as well. Fig. 8 shows how two power amplifiers 
and an adjustable-length line section can be used to 
secure a perfect null in a transmission pattern. Feed- 
line length from each amplifier to the antenna should 
be equal. Amplifier input lines, as measured from 
their common junction, should be equal in length, or 
have a difference of one-quarter wavelength, de- 
pending on the system used. 

temperature changes 
influence pattern 

Another factor to consider is the effect of tempera- 
ture on feedline length. This has been a problem in 
broadcast applications.Vhe effect may be mini- 
mized by making the outdoor portion of each feed- 
line section equal in length. The adjustable-length 
line section and preamplifier unit are best located in- 
doors near the receiver, protected from the ele- 
ments. Here they can also be adjusted by observing a 
local field-strength meter. There should be minimal 
signal pick-up by the feedlines, as any direct signal 
pick-up by a feedlins serves to mask the true antenna 
pattern. It has been reported that military RG cable 
provides about 35 dB shielding, whereas less expen- 
sive cable may provide only 20 dB. Full braid, duofoil, 
or double-shielded coaxial feedline may be necessary 
in difficult situations.' 

Finally, the nulling criteria holds only for a single 
frequency. However, attenuation remains high 
around the set frequency. For example, if the null is 
set for the carrier of an fm broadcast station, which 
has a channel of + / - 100 kHz, the calculated atten- 
uation decreases from infinity at the carrier frequen- 
cy to about 80 dB at the channel limits. 

The systems described here can solve many prob- 
lems. If there is another signal on a desired repeater's 
frequency, it can be nulled out. Setting a null in a 
transmitting pattern may offer a solution to an rfi 
problem. Then too, the systems may be used to re- 
duce interference in fm broadcast or TV station 
reception. An interesting application is nulling one of 
the desired signals in a multipath distortion problem. 
By adding two coaxial relays it is possible to expand 
the system to the capability of switching the null 
from one direction to another. For example, the addi- 
tion of a half-wave section in either feedline may be 
used to reverse null and peak directions. The adjust- 
able-length line section and preamplifier are also 
effective with circularly polarized antenna systems, 
since they permit total nulling of signals of one sense 
or the other. 
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ham radio 
Antenna experimentation is one 
of the few fields in which an Amateur 
can participate armed only with en- 
thusiasm, a tape measure, an SWR 
meter and inexpensive tools. No 
Ph .D. degree in higher mathematics 
or computer technology is required. 

One of the best candidates for 
home experimentation is the quad an- 
tenna (fig. 1). The quad loop can be 
built in many configurations. The 
support structure can be as uncom- 
plicated as a set of bamboo poles and 
the whole arrangement can be built 
for only a few dollars. A single loop 
parasitic element added to the driven 
loop makes a two-element quad 
beam. In many areas of the world 
where aluminum tubing is hard to 
find, or prohibitively expensive, the 
quad antenna is the best answer to 
the need for a high-gain, high-fre- 
quency antenna. 

the single-element 
loop antenna 

While the loop antenna has been 
known since the early days of radio, 
the use of a large loop for hf transmis- 
sion was not seriously investigated 
until 1938 when Clarence Moore, ex- 
WSLZX, developed a two-element 
loop antenna for shortwave broad- 
casting. The Moore design was an in- 
stant success and the so-called quad 
antenna has been popular with Ama- 
teurs worldwide for the past four 
decades. 

The simplest quad is a single loop 

which provides horizontal polariza- 
tion when fed as shown in fig. 1 .  The 
loop has a bi-directional pattern simi- 
lar to that of the dipole. Loop gain 
and feedpoint impedance are a func- 
tion of the shape of the loop. The 
loop having the highest gain and 
feedpoint resistance is the circular 
model. This provides a power gain of 
about 1.13 dB over a dipole with a 
feedpoint impedance of 135 ohms. 
The square design has a gain of about 
0.85 dB over a dipole and a feedpoint 
impedance of 120 ohms. The triangu- 

lar, or "delta," loop provides a gain of 
about 0.55 dB over a dipole and a 
feedpoint impedance of 105 ohms. 

An intermediate-design loop which 
provides a power gain of 1.5 dB over 
a dipole and a feedpoint impedance 
of 50 ohms is shown in fig. 2. This 
quad loop (while a bit unwieldy for 
the lower frequencies) is an excellent 
antenna for the higher bands, as it 
provides bi-directional gain and can 
be fed directly with a 50-ohm coaxial 
line. A similar design, to match a 75- 
ohm line, is also shown. 

Z =  135 OHMS Z = l Z O  OHMS 
G = O  5 5 d E  
1 = I 0 5  OHMS 

5 0  OHM L I N E  T O  S T A T I O N  I band length T 
10 5 10" 11 78ml 
15 7'70' (239ml 
20 i i ' r ' f 3 6 l m )  

fig. 1. (A) The simple transmitting loop. Directivity is in and out of page. The triangu- 
lar loop may be inverted, with apex at bottom and feedpoint at apex. lBJ Quarter- 
wave transformer for use with quad loop antennas. 
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5 0  OHM LOOP I5 OHM LOOP 

band 
10 

15 

20 

fig. 2. Single element quad loops for 50- 
and 75-ohm feedlines. 

The delta loop and the circular 
loops have a feedpoint impedance 
somewhat different from that of the 
square, but all of these designs can 
be nicely matched to a 50-ohm trans- 
mission line by the use of a quarter- 
wavelength, 75-ohm transformer be- 
tween the line and the loop. Data for 
such a transformer is given in fig. 1. 

The loop antenna is balanced to 
ground at the feedpoint and it is a 
good idea to isolate the outer shield 
of the coaxial feedline from antenna 
current. This can easily be done by 
winding the line into a four-turn coil 
about 8 inches in diameter directly 
below the loop. The plane of the coil 
should be at right angles to the plane 
of the loop. 

One of the advantages of the loop 
antenna is that it can be supported at 
the midpoint by a single pole. Proper- 
ly built, the loop is not obtrusive and 
can be used in areas where more con- 
spicuous ham antennas are frowned 
upon. 

The 50-ohm or 75-ohm loop can be 
turned on a side to provide a vertically 
polarized array for low-frequency 
operation. For 40 meters, for exam- 
ple, loop height is only about 22 feet, 
and the extensive radial system that is 
required for a ground plane antenna 
is not as necessary (see fig. 3) .  

the cubical quad 
beam antenna 

Adding a parasitic element to the 
driven loop produces the famous 
cubical quad antenna pioneered by 
ex-WSLZX. The quad is a unidirec- 

tional array providing a power gain of 
about 6 to 7 dB with a good front-to- 
back ratio. Both gain and f / b  ratio de- 
pend upon element separation and 
tuning, as is the case with the tradi- 
tional Yagi beam design. 

It is difficult to surpass the advan- 
tages offered by the simple two-ele- 
ment quad. It is light and has low 
wind resistance, and it provides high 
gain in a small package. The feed sys- 
tem is uncomplicated. In addition, 
since the elements are continuous 
and have no tips, rain static problems 
(often a headache with the Yagi 
beam) are nonexistent. The cubical 
quad beam is thus an ideal antenna 
for the DXer who wants to get good 
results with a minimum expenditure 
of money. 

a practical two-element 
cubical quad 

Data for a practical two-element 
quad are given in fig. 4. Boom length 
is about 0.12 wavelength, which pro- 
vides a compact design and a good 
match to the coaxial transmission 
line, since feedpoint impedance of 
the quad is a function of element sep- 
aration as well as tuning. The reflec- 
tor loop is pre-cut to the correct di- 
mension and requires no adjustment 
after assembly. Important dimensions 
are shown in the illustration, the 
length R being the distance from the 
center point of the assembly to the 
point of attachment of the wire to the 
support structure. 

The crossarms for the quad should 
be made of insulating material. Many 
quad assemblers have run into prob- 
lems when metal arms are used for 
the array. It is possible to insert insu- 
lating sections in metal crossarms, 
but the builder is advised to stay 
away from this complicated tech- 
nique. Fiber glass poles, bamboo, 
and PVC pipe have been used suc- 
cessfully for quad arms. 

Most homemade quads use a sec- 
tion of 2- or 3-inch diameter alumi- 
num tubing for the boom. The two- 
element quad usually requires 2-inch 
tubing, but a quad for 6 or 10 meters 
can use a smaller diameter boom. 

Boom-to-crossarm clamps are 
available from several manufacturers, 
but many builders have made their 
own out of a plywood sheet and gal- 
vanized-iron angle brackets. If you 
take this approach, make sure that 
the edges of the plywood are sealed 
against moisture penetration. Two or 
three coats of outdoor house paint 
will do the job. 

A more exotic design makes use of 
a "spider" arrangement which em- 
ploys multiple crossarms supported 
from a central point on the mast, at 
the middle of the array. 

how high the quad? 
Experience has proven that the 

quad antenna will perform well even 
though mounted close to the earth. 
As an example, the main lobe of a 
quad antenna mounted one-quarter 

COAX F E E O L I N E  

T R A N S M I T T E R  

I, so-ohm loop 7s-ohm loop 

/ 
A = 47 10'1146mj A = 42 3 f12.9ml 
B = 2 2 6 ( 6 . 8 m )  B = 2 8 ' 2 ' 1 8 6 m l  \ 

fig. 3. Vertically polarized 40-meter loop for 50- or 75-ohm feed. Mount loop in vertical 
plane as high above ground as possible. Bring feedline off horizontally. 
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fig. 4. Design data for two-e lement  
quad. Dimension R is approximate dis- 
tance from center point of loop assem- 
bly to  point of attachment of wire. 

wavelength above the ground is at an 
elevation angle of 40 degrees, 
whereas the angle of maximum radia- 
tion of a dipole at the same height is 
straight up. 

At a height of three-eighths wave- 
length the angle of radiation of a 
quad is about 32 degrees below that 
of a Yagi or dipole at the same height. 
Finally, at a height of one-half wave- 
length, the radiation angle of the 
quad and the dipole (or Yagi) are 
about equal. (The height of the quad 
is measured to the bottom of the 
lower element, as that is the point at 
which the quad is usually supported). 

The upshot of this is that the quad 
does better in terms of low elevation 
angles than does either the dipole or 
the Yagi beam. True, a height of one- 
quarter wavelength is not a good one 
as far as low-angle, long-distance DX 
is concerned, but if you are stuck 
with it, it is better to use a quad than 
almost any other antenna because of 
the lower angle of radiation. 

Those Amateurs lucky enough to 
get the quad up in the air from 40 to 
60 feet above ground will quickly find 
out why the quad achieved world- 
wide popularity in a very short time. 
Build a quad and enjoy! 

RFI revisited - 18 MHz 

The 18-MHz band (18.068-18.168 
MHz) has not been opened for gen- 
eral use in the United States, al- 
though Amateurs in several other 
countries are already using it on a 
non-interference basis. Use of the 
band in the U.S. poses some interest- 
ing problems so far as RFI goes. The 
third harmonic of the band (54.2-54.5 
MHz) falls extremely close to the 
video (picture carrier) frequency of 
television channel 2 (55.25 MHz). 

This situation is unique; I can't 
think of another circumstance where 
the harmonic frequency of an Ama- 
teur band falls so close to a television 
video channel. 

My experimental license (KM2- 
XDW) permits restricted operation in 
the 18-MHz band, and this provided 
the incentive to explore the question 
of TVI on this new ham band. One of 
the first experiments I ran on 18 MHz 
was to determine the degree of TVI 
that I would encounter when oper- 
ating on this band. I used my regular 
station equipment, which included 
TVI suppression techniques such as a 
lowpass filter in the transmission line, 
bypassed power lines, and good 
equipment grounding. This sufficed 
to provide adequate TVI protection 
on all Amateur bands when the TV 
receiver was equipped with a high- 
pass filter. Alas, operation on 18 MHz 
quickly pointed out that ordinary TVI 
suppression was insufficient in my 
case to reduce channel 2 television in- 
terference to an acceptable level. 
After a few false starts, however, I 
was able to clean up the problem, 
which seemed to be a combination of 
fundamental overload plus harmonic 
interference. Here's what I did: 

First: I wound about five turns of 
the transmission line (RG-58lU) at 
the transmitter around an iron-pow- 
der toroid core of 2% inch diameter 
(Amidon T-225-2). This was done to 
"cool off" the outside of the coaxial 
line to the antenna. A similar toroid 
choke was placed at the antenna end 
of the line. 

Second: The garden variety high- 
pass filter on the television set was re- 
placed with a higher attenuation unit 
(J. W. Miller C-513-T3 for 300-ohm 
line, or C-513-T2 for 75-ohm coaxial 
line). These filters provide about 60 
dB of attenuation to signals below 40 
MHz. 

Third: The line cord of the televi- 
sion receiver was wrapped around a 
ferrite core, similar to the one used on 
the transmitter feedline. This was 
done to isolate the receiver from rf 
picked up by the power line. 

After these three fixes were incor- 
porated into the station, the televi- 
sion receiver was reasonably clear 
during 18-MHz operation, even at a 
kilowatt input level. I was transmit- 
ting into an antenna only about 18 
feet away from the TV antenna. 

It was interesting to note that 
some TVI measures actually degraded 
the TV picture. One brand of TV fil- 
ter, for example, when placed in the 
ribbon line, seemed to upset the TV 
tuner, as it produced "sound bars" 
on the picture which wiggled about 
with the audio signal. Removing the 
TVI filter and replacing it with the one 
specified cleaned up the wiggly lines. 

Grounding the TV receiver chassis 
(through a O.OI-~LF, 1.6-kV disc ca- 
pacitor for protection) increased the 
TVI level, possibly because the 
ground lead was long enough to act 
as an antenna at 18 MHz. 

In summary, it is possible to clean 
up TVI at 18 MHz, but it takes special 
care to make sure the transmitter is 
"clean" for channel 2 reception. In 
addition, the television receiver has to 
have a good highpass filter in front of 
it to provide maximum overload pro- 
tection from the transmitter. 

references 
1.  For cornprehenslve data on all types of quad anten 
nas, read. "All About Cub~cal Quad Antennas," dvall 
able for $5 95 plus $1.00 shipp~ng from Ham Rad~o's 
Bookstore, Greenville. New Hampshire 03048. 
2 For addit~onal Information on TVI and RFI, read, 
"Interference Handbook." available for $8.95 plus 
$1 00 shlpping from Ham Radio's Bookstore,  green^ 

vllle, New Hampshire 03048 
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AEA 
................... CP.l New Computer Interface .call 

............................ MBA-RO Reader $259.00 
................. . MBA-RC RcvlCode Conv Xmt .38 5.00 

............. MM-2 MorseMatlc Ultlmate Keycr .14 5.00 
.................. CK.2Contest Memory Keyer .12 0.00 

........................... KT-2 KeyerrTralner .95 .00 
...................... . . . . . . .  BT-t Tralner . I .  .7 2.00 

............................ Hot Rod Antenna .1 7.95 
ALLIANCE 

.................... HD73 (10.7 sq . ft.) Rotator .589 .00 
.......................... U.100 Small Rotator .4 5.00 

mnnn. 
............................... 83 Handbook 512.00 
................................ Antenna Book 8.00 
............................... License Manual 4.00 

ASTRON 
................. RS7A 5-7 Amp Power Supply .U 8.00 

................ RS12A 8-12 Amp Power Supply .8 9.00 
RS2OA 16-20 Amp Power Supply ............... .8 9.00 

. . . . . . . . . . . . . . . . . . .  RSMM 18-20Ampwlmeter .I09 .00 
.......................... RS35A 25-35 Amp .13 5.00 

................... RS35M 25-35Amp wlmeter .14 9.00 

................... RS50A 37-50 Amp wlmeter .I99 .00 

................... RS50M 37-50Amp wlmeter .225.00 
AZDEN 

. . . . . . . . . . . . . . . . . . . . . . . . . .  PCS 4000 2M Xcvr 3285.00 

. . . . . . . . . . . . . . . . . . . . . . . . . .  PCS 300 Handheld .275.00 
saw 
F o l d d  DlpOlo -10 MOW 
Only BO' Long . NoTunor N m a a r y  SlSS 
BASH 

............................ Books and Tapes .S 8.W 

TEN-TEC CORSAIR 
BENCHER 

................................ BY.1 Paddle 53 
BY-2 Chrome Paddle ......................... .4 5.00 
BUrrERNUT 

................... HF8V 80-10 Meter vertical $118.00 
.................. RM Klt Roof Mount wlradlals .3 9.00 

...................... STR StubTuned Radials .2 3.00 
........................ TBR 180Meter Coll Klt .4 9.00 

CUSHCRAFT 
.......................... A3 Trlbander3 EL .$I7 9.00 
........................... A4 Trlbander4 EL .229.00 

..................... A7431744 40 Meter Addon .6 9.00 
..................... R3 Motor Tuned Vertlcal .22 9.00 
...................... ~V580-10 MeterVertlcal .9 5.00 

....................... 2140 Boomer 14 EL 2M .6 9.00 
...................... 214FB Boomer 14 EL FM .W.CN 

............... 228FB Power Pack28 EL2M FM .18 9.00 
.................. 32.19Super Boomer 19 EL2M .6 3.00 

................... 2208 Boomer 17EL220 MHz .7 5.00 
.................... ARX.20 Rlngo Ranger 11 2M .3 6.00 

""t"" 

CNA.1001 0.5KW Antenna Tuner ............. .S299 .00 
............... CN 520 1.8-80 MHz SWRlPwr Mtr .6 3.00 

............ CN-6208 1.8-150 MHz SWRIPwr Mtr .ll 0.00 
............. CN.630 140-450 MHz SWRlPwr Mtr .129 .00 

...................... CS-201 2-posltlon swltch .2 2.00 

...................... CS.4014.~osltlon swltch .6 2.00 
DRAKE 

.............................. TR7A Xcvr .$1.W 5.00 
............................. R7A Receiver .1.39 0.00 

................................... TR5 Xcvr 695.00 
ENCOMM (SANTEC) 
ST.lWpP Tha Hand Held Wf.rlng tha Moat Foeturn 
Call lor Your Dlscount P d w l  

... 
TH7 DXS 7ELTrlbander ..................... .U8 9.00 

.................... TH5 MK2S 5EL Trlbander .31 9.00 . . .  

TH3 MK3S3 ELTrlbander .................... .219.00 
402BAS 2EL 40 Meter Beam .................. .I99 .00 

...................... 860s 6EL6 Meter Beam .109.00 
l8HTS 80-10 Meter Vertlcal .................. .339.00 

......................... V2S 2 Meter Vertical .3 9.00 

......................... 518 Wave 2M Mag Mt .2 0.00 
...................... . . CD45 8.5 sq ft Rotator .10 5.00 

Ham IV 15 sq . ft . Rotator ..................... .195.00 
........................ T2X 20 sq . ft . Rotator .249.00 

HDR300 25 sq . f l  . Rotator .................... .435.00 
Free Shlpplng on all crank-up towers 
ICOM 
We Hava All the Great ICOM Tnnacalven In Stock 
IC.740 wllh Internal oower suwlv Now Onlv $9451 . ~ . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  IC.2AT .NOW Only $2161 
......................... 3AT14AT Handhelds 5235.00 

....................... 25A newdlsplay 6 mic .305.00 
.......................... 290H 2M All Mode .479.00 

............................ 251A2MAllMode 575.00 
45A440MHz ................................ 349.00 

KANTRONICS INTERFACE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  505 EM Xcvr .395.00 

. . . . . . . . . . . . . . . . . . . . . . .  R70 Superb Receiver. .59 9.00 

KLM 
................... KT34A 4EL Triband Beam .S299 .W 

KT34XA8 ELTrlband Beam . . . . . . . . . . . . . . . . . . .  .459.00 
. . . . . . . . . . . . . . .  144.148.13LBA 2M Long Boomer .7 9.00 

.................... 143-150.14C 2M Oscar Ant .8 5.00 
KANTRONICS 
The Fantastic Inledace for CW . RTTY . ASCII Only Sl50! 

LARSEN 
. ............. NLA-150-MM 518 Wave 2M Mag Mt .S3 8.00 

MFJ 
............... 989 3KW Roller Inductor Tuner .$280.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9490 Tuner 125.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  941CTuner 81.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9408 Tuner 7 2.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  901 Tuner 54.00 

900 Tuner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.00 
401 Econokeyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  496Super Keyboard .269.00 
. . . . . . . . . . . .  422 KeyerlBENCHER Paddle combo .8 9.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  722 Fllter wlnolch .6 3.00 
. . . . . . . . . . . . . . . . . . . . . . .  250 Dummy Load wlcoll .3 2.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  812 VHF Meter .2 9.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  816 HF Meter 29.00 

. . . . . . . . . . . . . . . . . . . . . .  1040 Deluxe Preselector .8 9.00 

...................... 104 New Dual 24hrClock .2 9.00 
......................... 313 VHF Conv for HT .3 6.00 

MIRAQE 
............................... 823 2130Amp 580.00 

Bt08 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I5  5.00 
..................................... B1016 239.W 

83016 ..................................... 205.00 
........................ DlOlOlOllsO440MHz 275.00 
. . . . . . . . . . . . . . . . . . . . . . .  MPlIMPZWatt Meters .100.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C108220MHz 169.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C22220MHz 80.00 

ROHN 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25G W2.00 

SHURE 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  444D DeakMIc 550.00 

414AHnndMlc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.00 

..................................... Corsalr 59891 
525 Argosy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $469.00 

............................ 227 AntennaTuner 6000 
.............................. 2292KWTuner 250.00 

TOKYO HY-POWER 
HL3OV 25W Amp . . . . . . . . . . . . . . . . . . . . . . . . . . .  .563.00 

.......................... HL160V l8OW Amp 289.00 ......................... HC2000 2KW Tuner .28 9.00 
UNADILLA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W2AU Balun .518.50 
. . . . . . . . . . . . . . . . . . .  150' 14 gauge stranded wire .I 5.00 

................................. Insulator .3.001p r. 
VOCOM 

.... . . . . . . . . . . . . . . . . . . . . . . .  Arnpl~f~er~Anlennss call 

Prlces and Avallablllty Subject to Change 
Shlpplng FOB Evansville 

ASE fo r our n l  
..... 

ON-FRI 9AM-r 
sed eq 
..... 
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UHF and VHF RECEIVE CONVERTERS 
FOR 

2 - METER Synthesized Handie -Talkies 
THE ORIGINAL- 

HAND1 -CON series 

Each one of these 
Rl 

easy to use converters 
will turn an average 
2-meter, fully syn- 
thesized H.T. into an 
extended coverage 
receiver. Choose 
either UHF or VHF Q 

N .- 
PUBLIC SERVICE UI - 
coverage or 220Mhz m 

3 * 
AMATEU~ coverage. a 'd 

A micro-processer L a 
m 

controlled H.T. can 
H C - V 2 2 0  - 

be a hand-held, - - 

l 7  HC U 2  
programmable bst-+ 
scanner, thus avoid --. 
the expense and bulk s 54.95 

of a second receiver 
for emergency "traffic" 

Model No. 
-v52 

HC-V 

and general pleasure 
monitoring. ......................................... 

.SIMPLE CONNECTION TO 

RADIO & ANTENNA. 

.LOW LOSS 1 . SINGLE SWITCH 

TO A NOMINAL CONTROL. 

2METER ANT. IN 0 • EFFICIENT DESIGN 

"OFF" MODE. 

i. -' 1 USES 1 AAA CELL. 

LIGHT WEIGHT. CASE IS BLACK, 
+"w 

*ACCIDENTAL BRUSH ANODIZE \..' 
TRANSMIT ' , - FINISH. 

PROTECTED. L o w  COST. 

LOW CONVERSION LOSS. ............................................................. 
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M - SQUARED 
ENGINEERING, INC. 
1446 LANSING AVE. 
SAN JOSE, CALIFORNIA 95118 
408 - 266 - 9214 
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HC-U2 
460 - 4 6 4  

4 8 0  - 4 8 4  

Police, etc. 

HC-V22O 
221 -225 

Amateur 

See a dealer near you: 

DEALERS 
ACK RADIO SUPPLY. 3101 4 t h  Ave.. B im lngham.  AL 35233 (2051X2-0588 
AES CMMUNICATIONS. 404 A r ra rana  St . .  Co lo rado  S ~ n n q s .  C@ 80909 (303)475-7WC 
ARP SYSTEMS. 447 P i n e  Lake Ave . LaPor te .  I N  46350 (?19)326-6672 
M T E U R  RADIO SUPPLY 0 1  NASHVILLI. 615 5 G a l l a t l n  Rd.. Mndlson. TN 73115 ( 6 1 c ) 0 6 ~ - 4 9 5 t  
ARTCO ELECTRONICS. 302 Uyomrng Ave.. Shavertown. Pa 19708 
BARRY ELECTRONICS CORP.. 512 Broadway. New York. NY 10012 (212392q-7000 
6. G. CARL ELECTRONICS, I l l 2 8  C l a i r e  Ave.. N o r t h r i d q e .  CA 91376 (2331363-171f 
BITTERTON ELICTROLICS. 5355 Avenlda E n c i n i a s .  Ca r l sbad .  CA 9200* 
BRITTS TYO WAY RADIO. 2508 N. A t l a n t a  Rd.. Smyrma, Gt 30'1°0 1404)43'-POlG 
BROOIE ELECTRONICS CO.. 2537 Edgewood Dr., Moore. Or 73160 (405179C-Cdlc 
BOUGHARDT AMATEUR CENTER. 208 East  K m p  Ave . U a t e r t o w r .  SD 57201 16051PQb-4'34 
C-CWM. 6115 1 5 t h  Ave. N.u.. S e a t t l e .  UP 9810' (206 ,7~4 -7337  
COH03h AMATEUR SUPPLY INC.. 307 McLeans Ave.. H o p k l n s v l l l e .  KY 42240 (502)SPf-C57C 
EGE INC.. 2410 D r e r ~ l  St.. Y o o d b r i d q ~ .  VA 2219" (703)643-1063 
ELECTRONICS IhTIRNATIONAL SERVICE COUP . 11305 E l k l n  St.. Uheaton. M0 2090' I ?C1)94F- IOYD 
FLOYD ELECTRONICS. 2213 Vanda l l a  St.. C o l l l n s v l l l e .  I L  67234 
G 6 K AMATEUR SUPPLY. 2920 E 9 t h  5 t  . Des Molnes. I A  50316 
HAM RADIO OUTLET. 2620 U La Palma. Anaherm. CA 92801 1714)761-3033 
HAM RADIO UIRLO. INC.. Oneida C ty  A l r p o r t .  Termlnal  R ldg  . Or l skany .  NY 174'4 
THE HAP SHACK. 808 N. I l a ~ n  St., E v a n s v i l l e .  I N  47711 (812)422-0731 
H. I. INC.. 1601 Avenue 0. Counc i l  B l u f f s .  1 1  51502 (712)323-0147 
J. E. FILBEPi. 18 Pa rad l se  Court .  Palm Bay. FL 32905 
J. R. 5.  DISTPIBVTOPS. 646 U Market  St., York. PA 17406 (7171P54-PC24 
JUNS ELECTRONICS. 3919 Sepulveda Blvd. .  Cu lve r  C t t y .  CA 90230 (2131390-POC? 

735? U n ~ v e r s i t y .  La Mesa. CA 92041 (714)463-1886 
460 E. Plumb Lane. Reno. NV 89507 (7071627-573: 

KIN5 ELECTRONICS. 605 Montgomery St . .  Napa. CA 94558 (707)224-7493 
LEU SHER. INC.. 213 N Main. Independence. MO 64050 
LONG'S ELECTRONICS. 2808 7 t h  Avenue South. Burmingharn. AL 35233 (2051257-7589 
MID-COU ILECTROYICS. 8516 W n c h e s t e r  Rd.. Brentnood.  M0 63144 (314)961-9990 
HID-STATE CO~UNICATIONS. 3238 72nd S t .  E.. So. S t .  Paul .  Mh 55075 
UlSSOURI COP~J'4lCATlOhi SYS.. 2900 N.U. V l v i a n  Rd.. Kansas C l t y .  M@ 64150 (R16)741 -P I ID  
MO\ROV1A BASTC RADIO. 620 S M y r t l e  Ave . Monrovia.  CA 91016 (2131359-79°C 
OWR ELECTRONIC:. 11989 Eas t  Lans ing  Rd . Durand. MI 48479 (5I7)7RP-?7RQ 
PO'TLANC RADIO SUPPLY. 1234 5. U. S ta rk  St . .  P o r t l a n d .  OR 97205 (503l??R-P647 
OUEMENT ELECTRONICS. 1000 5. Bascom Awe . San Jose. CA 95128 
RADIO KING. 25326 5 .  Crenshaw Blvd. .  To r rance .  CA 90505 
RADIO MASTERS. 3 T e n a f l y  Rd.. Englewood. NJ 07631 1201 156R-073P 
THE RADIO PLACE. 2964 F reepar t .  Sacramento. CA 95PlR (916)441-73PD 
RADIOS UNLIMITED, 1760 Eas ton  Ave.. Somerset, NJ OUR73 (20'1469-45°Q 
RADIO UHOLESALE. 201: Auburn Ave.. Columbus. GA 3190f (40415LI-7OOC 
SATELDIO COMYUIICATIONS. 3885 U. 1 6 t h  Ave., H l l l e a n .  FL 33C1' 
UNIVIPSAL AMATEUP RADIO. 1200 Alda Dr.. Reynoldsburg.  OH 4306R (614)866-476' 

DISTRIBUTORS 
BCD RADIO PARTS. P.D. Box 119. Richardson. TX 75086 
INTEGRATED SYSTEMS. 8701 I l acA lp ine .  Garden Grove. CA 92641 (716)539-6555 

above prices subject to local sales tax. CAL res. add 6.5 x 

Nominal Coverage 
(MHZ)  

Typo 

lsummary I 

HC-U2L 
4 7 0 - 4 7 4  

5 0 6  - 510 

Police, etc. 

154 - 158 (PSB) 

159 - 163 (ME) 

Police, fire,other 
publtc servics. 

Marine t d  hone, 
N O.A. we8her 

NOTE : other frequency groups 
are available. Contact factory. 



An effective DX antenna 

that's easy to put up 
- and that stays up 

four-vertical collinear element 
20mmeter array 

fig. 1.20-meter phased array. 

This is a 20-meter version of the 80-meter array descr~bed In OST in 
1965. It represents one method of providing directional perform- 
ance without the use of a rotator. Interconnecl f~gure courtesy 
ARRL Editor 

I had never been impressed with vertical antennas 
until I phased a pair of 40-meter quarter-wave verti- 
cals a few years ago. Since the two worked so well, it 
seemed reasonable that four should work even bet- 
ter. I constructed a phasing box for four in-line verti- 
cal antennas.' However, not having the time to erect 
this system, I stored the relay box away. 

A job change some time later brought me to a 
small ranch duplex adjacent to an open field. I 
erected a single 20-meter quarter-wave vertical in the 
middle of the field using a ground system consisting 
of eight 16-foot-long three-conductor radials. 

four-element array 
construction begins 

Soon after this I started gathering parts for the 
four 20-meter verticals. Using pieces of 1-inch (25.4- 
mm), 718-inch (22.23-mm), and 314-inch (19.05-mm) 
aluminum tubing with 0.058-inch (1.45-mm) walls, I 
constructed four 16-foot 6-inch radiators using stain- 
less steel automotive hose clamps and a slit tubing 

By Jim Gabriel, WA8DXB, 15 Cambrian, Tall- 
madge, Ohio 44278 
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degree sector. A total of forty-two radials were now 

fig. 2. Basic ground system under each radiator. consisting 
of copper disk and No. 16 insulated ac house wire. 

technique. The base insulators were old plastic spac- 
ers from a 20-meter quad. The antenna was mounted 
on 1-inch treated-wood dowels driven several feet 
into the ground (fig. 1). 

The ground buss consists of surplus copper disks 
from a junk yard. A 1-118-inch (28.56-mm) hole was 
cut in the center of the disk and a series of holes 
drilled around the perimeter with radials attached to 
them by brass nuts and bolts (fig. 2). The radials 
were number 16 insulated ac house wire. Finally, 
each disk, as well as the antenna connections was 
given two coats of clear KrylonP to retard corrosion 
after radial wires were attached. 

The verticals were laid out in line from northwest 
to southeast, the switchable end-fire directions. 
When the two broadside lobes were switched in, two 
squashed figure-eight lobes resulted, one on south- 
ern Europe and the other on the South Pacific. Since 
I was mostly'interested in working into Asia, I consid- 
ered this the best compromise. 

The verticals were spaced 16-feet 6-inches (5.03 
m) apart and each was fed by equal three-quarter 
wavelength RG-8X coaxial lines. The main feeder, 
power divider, and three phasing lines used RG-8. 
The ground systems consisted of four single-conduc- 
tor quarter-wavelength wires under each antenna, 
making it difficult to  work into Asia. The small 
ground system adversely affected the array perform- 
ance. After adding eight three-conductor 16-foot 6- 
inch (5.03-m) radials to the original four wires, (a 
total of twelve radials) I noticed 4 to 6 dB difference 
in transmission and a bit better front-to-back ratio on 
receive. Knowing the importance of a good ground 
system and with a future 40-meter installation in 
mind, I laid an additional thirty 33-foot-long radials 
under the two outer (NW) verticals, in about the 120- 

connected to the outer antennas. 
The VSWR using only twelve radials was N W  - 

1.2: 1; SE - 1.4: 1; broadside - 2.4: 1. With the addition 
of thirty 33-foot-long radials under the two outer 
antennas, the VSWR was reduced to NW - 1.05; SE - 
1.15: 1; broadside - 2.01 : 1. 

The relay phasing box, fig. 3, is wired as shown in 
fig. 4. Internal leads should be kept as short as possi- 
ble. When constructing the relay lines, phasing har- 
nesses, and power dividers, remember that the 
velocity factor of coax can be 0.66, 0.77, and 
sometimes 0.81. It pays to check what the VF is 
before you start cutting the coax. The electrical 

length of the phasing lines is 246 
V F  for a 90- f w q .  inMIfz 

degree or one-quarter wavelength line." For the 180- 
degree or 270-degree lines, just multiply by a factor 
of two and three respectively. I used type-N connec- 
tors and a type-N female T-connector for the power 
divider since they are waterproof and constant impe- 
dance devices. I found the rubber boots for the phas- 
ing box connectors at a hamfest. The RG-8 coax and 
relay wire (inexpensive doorbell wire) was placed 
along a neighbor's fence. I used surplus 50-cycle 120- 
Vac large-contact relays that actuate at 35 Vdc. 

The vertical array is easy to access (phasing box 
and antenna connections) and maintain. If a 16-foot 
radiator falls down as a result of heavy winds or ice 
loading, it can be rebuilt easily. 

performance 
I worked two VK stations, both running little 

Heathkit HW-8 ORP transceivers! On checks with 
UABWAY and UA9OH running just the 100-watt 

fig. 3. Relay box, phasing lines, and antenna input power 
divider (T-connector). 

'See assumption 5 on page 20 
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You can DX and receive weather 
charts from around the world. Easy to order. 

Only $995 for the complete ALDEN Weather Tune in on free, worldwide government weather services. Chart Recorder Kit. To order, fill out and mail the coupon 
Some transmitting sites even send weather satellite cloud below. For cash orders enclose a check or money order 
cover pictures! for $995. Add $5 for shipping and handling in the U.S. 

and Canada (for Massachusetts delivery, add $49.75 
You've heard those curious facsimile sales tax). To use your Mastercard or Visa by phone, 
sounds while tuning through the call (617) 366-8851. 

bands - now capture these signals 
on paper! . 

Assemble ALDEN'S new radiofacsimile Weather Chart 
Recorder Kit, hook it up to a stable HF general-coverage 
receiver, and you're on your way to enjoying a new hobby 
activity with many practical applications. Amateurs, pilots, 
and educators can now receive the same graphic printouts 
of high-quality, detailed weather charts and oceanographic 
data used by commercial and government personnel. 

Easy to assemble- Backed by the 
ALDEN name. 

For over 40 years, ALDEN has led the way in the design 
and manufacture of the finest weather facsimile recording 
systems delivered to customers worldwide. This recorder 
kit includes pre-assembled and tested circuit boards and 
mechanical assemblies. All fit together in a durable, attrac- 
tive case that adds the finishing professional touch. 

Buy in kit form and save $1,000! 
You do the final assembly. You save $1,000. Complete, 

easy-to-follow illustrated instructions for assembly, 
checkout, and operation. And ALDEN backs these kits 
with a one-year limited warranty on all parts. 

ALDENELECTRONICS 
Washington Street, Westborough, MA 01581 
r-mllm-m--m-m-mmmm-m=mm-mmmm-m 1 
I I 
I NAME: I 
I I 
I CALLSIGN: ! 

I 
ADDRESS: I 

STATE: ZIP: I 
I 
I 

El I've enclosed a check or money order for $99500 and I 
1 $5.00 for shipping and handling, plus applicable sales tax. 1 
I I 
I Charge to: Mastercard [q Visa I I ACCOUNT I (ALL DIGITS) 

I ; EXPIRATION DATE 

SIGNATURE REQUIRED I 
! IF USING CREDIT CARD ! 



STRIPLINE 
POWER AMPLIFIER KITS 

50,144, 220 AND 432 MHz. 
- 

,,-- I . - -  

- i 
- 

-- . .'.' . 
--- - - 

Perfect fo r  EME, aurora, meteor and t ropo scatter, 
and other specialized communicat ions modes. 

These high performance state-of-the-art amplifiers come 
in two basic models: 500 watts output uslng elther the 
4CX250 family or 8730 tetrode tubes. 1000 watts output 
using 8874 tr~ode tubes. The ampl~f~er IS 12" x 8" x 6" 
and we~ghs just 14 Ibs. excluding cooling blower. 

Power supply kits for both triode and tetrode models 
available in kit form. Rated outputs are 2,000 VDC @ 500 
ma; 7.6 VAC @ 6A for filament voltages; for tetrode 
models 300 VDC regulated at 40 mA screen and - 120 
VDC bias supply voltage. Power supply is 12" x 8" x 6" 
and weighs 37 Ibs. Full line of accessories, rack or cabi- 
net mounts, manufactured and kit options available. 
Contact factory for details. 

Each kit comes with fully illustrated, easy-to-read in- 
structions. Factory back-up assistance is available from 
trained technicians. 

CALL FOR PRICING 

_---,---- 

ctronics 
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INEXPENSIVE 
DOWNLINK 

fixed or mobile 
Meet the "Next Generation" satellite antenn 
with its many unique design features: 

* Low Cost * 
* Protected electronics 

(from weather AND people) 
* Lightweight - 
* Mesh surface to reduce wind load 
* Styled appearance 
* Superb pictures 
* Install permanently, on trailer or roof-top. 
For teleconferencing, commercial downlinking or personal 
use. Designed to perform with the best and look better than 
any. Contact us for more details. ' \\\ 

+ t\ 
'To avold consumer mlrundrrstanding. 
we do not publish trade prices 
tn rnagarines. 

17537 N. Umpqua Highway 

Roseburg, Oregon 

A / 4  ANTENNAS 

" I3 8 , 

I ; 

u~du 2 70 .  PW4SlNO DELAV L INES  

1 3  q+~! COW 

ALL RELAYS SHOWN I N  
DE -ENERGIZED POSIT ION 

fig. 4. Relay inconnection diagram for the four-element 
phased array. The preferred end-fire direction is pres- 
ent with no dc applied. Voltage applied to terminals 2 
and COM reverses the array (still end-fire). while dc 
applied to terminals 1 and COM provides a bi-direc- 
tional broadside lobe pattern. 

transceiver o n  SSB, front-to-back was in  excess of 
30 d B  and sometimes as high as 40 dB. This is helpful 

when you're trying t o  reject southern QRM and look- 

ing for a weak 9V1 or 9M2 station over the Nor th  

Pole. 

reference 
1 Dana W Atchley. Jr . WIWKK. "A  Switchable Four.Element 8L-Meter 
Phased Array." OST, March. 1965. 

ham radio 
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inexpensive connectors 
for hardline 

Hams combine ingenuity 
and plumbing fittings 

to solve 
costly interface problems 

A great de'al of surplus hardline has recently be- 
come available from CATV companies at very low 
cost. The hardline has a solid aluminum outer shield 
with either a solid copper or copper-clad aluminum 
center-conductor. This high quality, low loss, VHFI 
UHF cable is great for repeater or home stations. 
There is only one problem - connectors are expen- 
sive, if they can be found. Once again, ham ingenuity 
and homebrew construction are necessary. 

I needed a connector (for 1-inch cable) which 
would be simple and cheap to manufacture. Design- 
ing one required some thought and many hours' 
rummaging through local plumbing suppliers' stock. 
It takes only about 10 minutes to make each connec- 
tor. The cost per connector is about $2.00 - far less 
than they could be bought new. Construction is not 
hard, and you may use considerable latitude choos- 
ing materials. 

First check out your local plumbing stores to see 
what is available. The fittings I used were (1) a 318- 
inch threaded to 3116-inch tubing (nipple) adapter 
(this may be called a barb); (2) a 314-inch threaded 
female to 112-inch copper tubing adapter; (3) an 
SO-239 coaxial connector. These are shown in fig. 1, 
along with a section of the 1-inch line. 

construction 
Some machining is required to make the center of 

the adapter. I have a Shopsmith Mark V that I used 
as a lathe. It is possible to do the same thing using a 

fig. 1. The 1-inch hardline, coax connector, and the plumb- 
ing fittings used to make a connector for the hardline. 

By James A. Sanford, WB4GCS. 509 Forest 
Drive, Casselberry, Florida 32707 
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fig. 2. The Barb fitting prior to machining. 

standard 1/4-inch drill mounted in a vise or stand. 
There is no high torque or stress involved, so either 
method is fine. 

The first step is to chuck up the nipple adapter 
with the nipple end in the chuck. Make sure it is cen- 
tered in the chuck! This step is shown in fig. 2. Start 
the lathe (drill) at a moderate speed. First, using a 
coarse and then medium file, machine away the flat 
surfaces. Then file down the threaded section. After 
a single cylinder is obtained, use a fine file to smooth 
the assembly. The final outside diameter should be 
5116-inch (7.94 mm). Then, very carefully, use a rat- 
tail file to taper out the inside of the fitting. The rea- 
son for this taper is to ensure a good press fit against 
the center conductor when the completed connector 
is placed on the line. 

Now stop the lathe and reverse the fitting in the 
chuck. Fig. 3 shows this step. You can see how the 
large end has been machined. Again, the adapter 
must be placed squarely in the chuck. Using a medi- 
um and then a fine file, smooth out this piece and 
round off the shoulder slightly. 

The next step requires some dexterity. A small vise 
and some clamps help. Fit the small end of the ma- 
chined adapter into or over (depending upon the 
exact fitting and connector you use) the center con- 
nection of the SO-239. Solder the two pieces to- 
gether, making sure the fitting fits squarely on the 
SO-239 (fig. 4) .  

Now use some fine sandpaper to clean the small 
end of the large reducing-fitting and the SO-239. 
Apply a small amount of soldering flux to the SO-239 
body and the large reducer. Remember that these are 
plumbing fittings and not wires you're soldering; if 
you omit this step you'll find out why plumbers 
always use flux. Press the SO-239 into the adapter. 

This should be a close fit, requiring only hand force 
to assemble. Now, carefully solder the two pieces to- 
gether. I expected to need a torch, but a 56-watt sol- 
dering iron worked nicely. After a smooth bead is 
applied around the outside, apply a little solder to the 
inside of the adapter. This will result in a strong, 
waterproof joint. Now allow this assembly to cool. 
After it cools, remove any flux residue to prevent 
corrosion. 

The next step is preparation of the cable itself. Use 
a tubing cutter and a hacksaw to square off the end. 

fig. 3. The Barb fitting after one end has been machined. 
The ribbed end is about to be machined. 

fig. 4. The inner assembly has been completed and prepared 
for insertion into the outer adapter. 
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Use the tubing cutter to remove 1 inch (25.4 mm) of 
the outer insulation. File down the aluminum shield 
to an outside diameter of 15/16 inch (23.81 mm). Cut 
the entire cable so that 518 inch (15.88 mm) of the 
cable extends beyond the outer insulation. Carefully 
square off the center conductor with a fine file. Use 
the tubing cutter to remove 118 inch (3.18 mm) of 
the shield. Using a sharp knife, cut away the insula- 
tion. Do this carefully to avoid nicking the center 
conductor. This careful order of steps prevents any 
aluminum filings from contaminating the dielectric. 
You will now have 112 inch (12.7 mm) of the shield 
extending beyond the outer jacket, and a center con- 
ductor extending 118 inch (3.18 mm) beyond that. 
Fig. 5 shows the completed connector and the pre- 
pared cable, ready for assembly. 

To place the connector on the cable, carefully start 
threading the fitting onto the cable. Make sure the 
fitting goes on square. (A  pipe die of the proper size 
will make this easier, if you can obtain one.) Once the 
threads are started, you can use a pipe wrench to 
hold the cable, and an open-end wrench or channel- 
lock pliers to turn the connector. Do this carefully to 
make sure you don't kink or bend the cable. Con- 
tinue screwing the connector on until you feel an in- 
crease in resistance. This will indicate that the center 
fitting has mated. Now carefully remove the connec- 
tor. Check for stray aluminum filings and any other 
problems. Fig. 6 shows the completed connector 
placed on the cable. 

Since there are two dissimilar metals in close con- 
tact (aluminum and copper), some steps must be 
taken to prevent corrosion. Liberally coat the cable 
shield and the inside threads of the connector with 
Penetrox or some similar anti-corrosion compound. 
Now reassemble the connector to the cable. (The 
Penetrox will act like a lubricant.) Use an ohmmeter 
to verify continuity from one end of the cable to the 

fig. 6. The finished connector installed on the line. It is ready 
to be protected from the elements and placed in service. 

other and make sure no shorts exist between con- 
ductors. If this test is satisfactory, tape over the con- 
nector and the line is ready for use. 

results 
The best check of a connector and line assembly is 

to measure the rf loss through the cable. I tested a 
100-foot (30.48-meter) section at 2 meters. The loss 
measured as 0.8 dB - exactly what the reference 
tables call for. In other words, the homebrew con- 
nectors did not add any significant loss t o  the 
system. 

I have described an economical way to make con- 
nectors for 1-inch (25.4-mm) CATV hardline. They 
are not hard to make, and the materials and proce- 
dure can be varied to suit local supplies. Being able 
to use this high-quality, low-cost cable will make a 
significant improvement in any station. 

acknowledgments 
Special thanks go to Mel, W4MJJ, and George, 

WD40RM, for their assistance in this project. 

fig. 5. The completed connector and the prepared end of the 
hardline, ready for assembly. ham radio 
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A COMPLETE PICTURE 
OF A SUPER DMM 

SOAR CORP. MODEL 8050 ""':""" 

4 1 LARGE3-112 DIGIT 
LCD READOUT # - -  

EIGHT FUNCTION 
30 RANGE SELECTOR 
SWITCH PROVIDES 
COMPLETE CONTACT 

.OD0 3 %  8 

WPING ACTION \ RUBBER PADS 
WITH EVERY PREVENT SLIDING 
ROTATION \ .. - 7  OR SCRATCHING 

WHEN LAID DOWN 

%. 
"4,. 

TRONICALLV PROTECTED) 

~ A S Y  ACCESS 9V BATTERY1 
FUSE COMPARTMENT 

RUGGED GLASS EPOXY 
PC BOARDS 

MODEL 8050 SUPPLIED WlTH 9V BATTERY, TEST LEADS AND SPARE FUSE 
*Price shown is for 1 through 3 units, lower prices available for higher quantities 

NORTH AMERICAN SOAR CORP. 
1126 CORNELL AVENUE 
CHERRY HILL, N.J. 08002 
(609) 488-1060 

NORTH Vl AMERICAN - -mim 



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 astonishing + . I  Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no 
need to mention our one day delivery and one year warranty. 

* /.-- r COMMUNICATIONS SPECIALISTS 
426 M'est Taft Avcnue, Orange, California 92667 
(800) 854-0547/California: (714) 998-3021 

Rpy' 
m a/ 127 SS-32 $29.95, TS-32 $59.95 
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New Para-Sleeve Design 
TL- C-.-l---- 4 l :.. ............. â -:-- .... --i' .... ve" dipole optimized for max- 

I directly by the transmission line, has a 112 

s, tightly coupled to the central dipole, modify 
,a-sleeve system is expanded 
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lers. So unique. 

;WR below 2:1, eliminating the need for an 
ith gain and front-to-back ratio 
ns you cannot even hear with 
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Short Boom Save Space and Money 
If your space or budget was too lim~ted for a long boom tribander, chances are the Explorer 14 will fit both. The boom is 
only 14' (4.3 m) long and the turning radius requlres only 17'3" (5.3 m). The compactness of the Explorer 14 reduces its 
overall weight and wlndload surface so you can mount it on a roof tripod, a mast or a tower. For example, the Hy-Gain 
CD4511 rotator and HG52 tower are a perfect match for the Explorer 14. This saves you the cost of an extra heavyduty 
rotator or tower. 

Superior Construction 
The Explorer 14 includes passivated stainless steel hardware and heavy gauge. pre-formed element and mast brackets. 
High grade 6063-T832 thick wall swaged aluminum tubing is used throughout. A EN86 balun is included and a new Beta 
Multi-Match provides DC ground to reduce lightning hazard and precipitation static. It's a rugged. easily assembled antenna 
that survives winds to 100 mph (160 kmlh). 
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SJ years he sewed on the ARRL lechn~cal 
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tBChr'^"'-*'."- e -----A' L. - .- . . 

, -- ....... -.... ", -, . -. 
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amateur a whole new ball game, 
particularly in the area of broad- 
banding. I was really surprised 
when I actually verified the gain, 
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/>;:: :.:.:.::.: .:.: labs and antenna range in Lincoln, ........... ............ ........ 4 Nebraska. The Exolornr 14 is a 
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SPECIFICATIONS 
Electrical 

Frequencies of operation: 20M 1 SM  OM . 
Under 2:l VSWR (MHz). . . . . .  14.0z.35 21.0-21.45 28.0-29.7 
Max~mum F/B Rad~o (dB). . . . .  27 37 9 3  -. - .  
Maximum Gain (dB). . . . . . . . .  7.5 8.0 8.0 
Maximum Power. . . . . . . . . . . .  Maximum Legal 
Ltghtn~ng Protection.. . . . . . . .  DC Ground 

I ciplurst I* IJ a I IWW OII~CIII IP UWJV.J~I ww call PARA-SLEEVE which uses an "open-slw 
imum bandwidth and directivity. Here is the concept. A central dipole, driver 
wave resonance on the lowest operating frequency. Two shorter sleeve element! 
its impedance to create a lh wave resonance on the highest operating frequency. This par 
by the add~tion of 15 meter traps and 20 meter element tips. A revolutionary new concept tor HF triband 
we've applied for a patent. 

Broadband Performance 
The Explorer 14 will load solid state transceivers to maximum output with VE 
antenna tuner. You'll have edge to edge broadband performance on 20.15 and 10 meters wi 
competlttve to giant tribanders that cost twice as much or more. You'll be able to work statio 
a dipole antenna. And, the Explorer 14 handles maximum continuous lnnal nnwer with a r 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  u Boom Length. .14'11h" (4.3 m) 
Quad Band Option Turning Radius.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .17'3" (5.3 m) 
You can add a fourth band, either 30 meters or 40 meters to the Explorer 14 with the OK-710 kit. A kit that attaches to Net Weight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .43 Ibs. (19.5 kg) 
the central dipole and IS easily adjusted for either 30 meters (WARC) or 40 meters at minimal extra cost. W~nd Surface Area.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  .7.5 sq. R. (69 m2) 



Ham Net Price 
Explorer 14 Tribander Antenna Ham net Price 
Includes BN-86 Balun and Beta Multi-Match $ 399.95 
Hy-Gain CD-4511 Rotator 164.95 
Hy-Gain 52 foot (15.8 rn) Crank-Up Tower Model HG52SS 1.095.00 
Antenna Mast. 10 feet (3.5 m) 68.50 
Three Coax Arms 39.00 

Total Ham Net Value $1.767.40 
Special Introductory System' $1.295.00 

YOU SAVE S 472.40 
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a unique CORSAIR virtue 
Cleanliness in the TEN-TEC CORSAIR means unusual spectral purity of both 
received and transmitted signals. 

In Receive mode, even with the r.f. preamp in operation, the 3rd order , 
intercept (at 20  kHz tone spacing) is + 5  dBm. With the preamplifier off, the 3rd 
order intercept rises to a superlative +18 dBm and remains constant even at 3 
to 6 kHz away from the pass-band. 

In Transmit mode, if you look at the output of the CORSAIR on a spec- 
m m  analyzer, you note an almost complete absence of phase noise-a phe- 
nomenon which plaques most PLL transceivers. At 20  kHz from the canier, the 
generated phase noise in the CORSAIR is a spectacular - 148 dBc/Hz, and at 
1 kHz it is - 132 dBc/Hz.* 

This breakthrough in circuit design, using proven crystal mixed oscillators 
with the latest USA solid state technology, is setting new standards of cleanli- 
ness and purity of signals. All of which means enhanced reception with less 
fatique, lower noise floor, no overloading and more DX worked. And your sig- 
nal will be a bit easier to read under adverse conditions. Compare. 

Other virtues of the CORSAIR include: 
All solid state, broadband design All 9 hf bands Triple conversion re- 

ceiver with 0.25 pV sensitivity on all bands and better than 90  dB dynamic 
range Variable bandwidth plus Passband tuning Dual range, Triple mode. 
Offset tuning Variable Notch filter Built-in Speech Processor Built-in 
Noise Blanker 200 W input, 100% duty cycle Dual-speed QSK (full or 
semi) Many operating conveniences including headphone attenuator, cw sig- 
nal spotter, 5-function meter, WWV rece tion, adjustable ALC threshold 
lighted status indicators, selectable AGC, a$stable pitch and volume of side- 
tone, complete interfacing. . Full accessory line including remote VFO, keyers, 
microphones, power supplies, antenna tuners, ssb and cw filters. Reliable 
American manufacture and service, fully warranted. 

See CORSAIR at your TEN-TEC dealer, or write for full details. 
TEN-TEC, Inc., Sevierville, TN 37862 

Specifications measured by independent laboratory 





technical forum 
Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers 
to your questions, and to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have 
a question? Send it in1 

Each month, our editors will select 
the best answer received to a ques- 
tion posed in the Technical Forum. 
We will send the writer a book from 
our Bookstore as a way of saying 
thanks. 

recently installed a new transmitter 
that uses asymmetrical modulation 
(95 percent down, 125 percent up). In 
addition to increasing an already 
strong rf field, the new transmitter in- 
troduced a low-level, broad spurious 
signal in the 160-meter band that is 
present on three different receivers. 
On a sideband receiver the signal is a 
broad splatter in sync with the station 
program. On an a-m receiver the sig- 
nal is intelligible audio. 

The transmitter has been cleared 
by the FCC in response to telephone- 
equipment-interference complaints. 
I've estimated the 160-meter "spur" 
at my location to be about 100 dB 
down from the 1500-kHz signal. The 
station engineer was unable to detect 
it three miles from the transmitting 
antenna. The spur is difficult to de- 
tect closer to the station, but at my 
location, with a quarter-wave in- 
verted-L, an antenna tuner, and two 
1500-kHz traps in the input of the 
Omni-D receiver, it is an interfering 
signal of approximately 80 micro- 
volts. 

For the first few months the spur 
seemed to drift randomly in the lower 
25 kHz of the 160-meter band over 
periods of hours and days. When 
really cold weather occurred in Jan- 
uary, I realized that the frequency 
drift was related to outdoor tempera- 
ture. Since then I have been correlat- 
ing the frequency of the spur and the 
outdoor temperature. A plot of these 
readings shows that as the tempera- 
ture rises during the day the spur fre- 
quency decreases. The frequency in 
the early morning is related inversely 
to the low temperature reached dur- 
ing the night. 

Has anyone experienced a similar 
situation, or does anyone know what 
is causing this effect? - Jack Geist, 
N3BEK. 
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helical antenna matching 
In the March, 1983, Technical Fo- 

rum, a question was raised as to a 
method of matching a 140-ohm heli- 
cal antenna to a lower impedance 
line. A similar problem was covered in 
the IEEE Transactions on Antennas 
and Propagation, Vol. AP-25, No. 6, 
November, 1977, Page 913. The an- 
tenna design note covers the method 
of lowering the impedance of the heli- 
cal to 50 ohms. The method described 
would appear to be usable at 70 ohms 
or any other impedance through 140 
ohms. - John Belliveau. 
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ham radio thanks Alfred Resnick, 
K9PXRl9, for-his similar solution to 
the matching problem. In addition he 
illustrates how series section trans- 
formers can be used to transform 70 
ohms to 50 ohms. Articles have ap- 
peared on that subject in many maga- 
zines. Here are some of the sources: 
1 .  Frank Regier, "The Series-Section Transformer," 
Electronic Engineering. August. 1973. page 33. 
2. Frank Regier. "Impedance Matching with a Series 
Transmission Line Section," Proceedings of the IEEE. 
July. 1971, page 1133. 
3. 6 .  Brarnham. "A Convenient Transformer for 
Matching Coaxial Lines," Electronic Engineering, 
January, 1961, page 42. 
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mysterious spur on 160 
A local (0.67-mile-distant) 1500- 

kifz, 50-kW, a-m broadcast station 
STS CORPORP 
East Palatme Road 

Dect He~ghts. 1L 6007 
(3 12) 459-3680 
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FOR ECAST 
Garth Stonehocker, K0RYW 

last-minute forecast 

The higher frequency bands (10-30 
meters) are favored for the best DX 
the first half of the month. The solar 
flux is expected to be highest at that 
time and lowest about the 20th. Look 
to the lower frequency bands (40-160 
meters) for the best OX the last half 

short-skip distances of 600 to 1200 channel 19. Also check TV channels 2 
miles (1000 to 2000 km). Signals re- through 5 for 6- and 2-meter open- 
main strong for from a half-hour up to ings. The lower bands don't need 
a couple of hours, on the average; beacon monitoring since E, openings 
they're generally stronger than long- (sunrise and sunset) are available 
skip. Station location also determines most nights. 
how strongly the present sunspot 
number (SSN-75) affects sporadic-E band-bv-band summarv 

of the month. Short-duration dis- propagation, with mid-latitudes the Six meters will provide occasional 
turbed conditions (geomagnetic- least affected and equatorial and openings to South Africa and South 
ionospheric storms) are expected polar paths the most. The highest America around local noontime by 
around the 4th, 12th, and 30th, with a frequency propagated by Es occurs at short-skip Es. Monitor TV, an unused 
longer-duration event just prior to the local noon, since it follows the sun channel (2 through 51 for clues. 
20th. Hearing and working DX will be across the sky. However, the highest 
more dif f icult  during the distur- probability of occurrence is near sun- Ten andfifteen meters will have a few 
bances, but DX from unusual loca- rise and again around sunset. These short-skip E, openings, and long skip 
tions may appear in the form of weak two characteristics of E, affect short- during high solar flux to most areas of 
fading signals. skip openings differently. Openings the world during daylight. Some 

The lunar perigee and full moon, of on the higher-frequency bands occur trans-equatorial openings associated 
interest t o  moonbounce DXers, near local noontime; the lower bands with disturbed ionospheric conditions 
occurs on the 16th and 26th of this tend to have openings near sunrise may occur in theevening hours. 
month. An Aquarid meteor shower of 
interest t o  meteor-scatter and 
meteor-burst DXers peaks between 
May 4th and 6th with rates of 10 and 
25 per hour for the Northern and 
Southern Hemispheres, respectively. 

sporadic-E propagation 
One of the major paths for excel- 

lent DX signals in the summer is short 
skip, or multiple short skips, on the 
higher frequency bands. In order to 
best use sporadic-E (E,) short-skip 
propagation, which intensifies 
toward the end of May and ends in 
mid-September, a short review is in 
order: E, is a thin layer of intense ioni- 
zation about 60 miles (100 kml above 
the earth. It gives rise to strong, mir- 
ror-like signal reflections over the 

and sunset. 
Let's look at the best locations for 

these E, openings: Since E, is related 
to the summer sun, the effect is in the 
Northern Hemisphere from June 
through September and in the South- 
ern Hemisphere during their summer, 
December through March. The best 
E, is on either side of the geomag- 
netic equator; it's especially good 
where the geomagnetic equator is 
furthest from the geographic equa- 
tor. These special areas are South- 
east Asia in the Northern Hemisphere 
and South America in the Southern 
Hemisphere. The first is the better of 
the two. 

To look for E, openings on the 
higher-frequency bands, monitor 
beacons on 6 and 10 meters and CB 

Twenty and thirty meters will have 
DX from most areas of the world dur- 
ing daylight and into evening almost 
every day, either long skip to 2500 
miles (4000 km) or short-skip E, to 
1250 miles (2000 km) per hop. The 
length of daylight is now approaching 
maximum, providing many hours of 
good DXing. 

Thirty, forty, eighty, and one-sixty 
meters are the night DXer's bands. 
On many nights 30 and 40 meters will 
be the only usable bands because of 
thunderstorm ORN, but signal 
strengths via short-skip E, may over- 
come the static when E, is available. 
Although E, is scarce in May, i t  
should be plentiful next month. 

ham radio 
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Microcomputers, VTR, Hi-Fi, Lasers, 
Spectrometers are often damaged or dis- 
rupted due to Power Pollution. 

High Tech components may interact! 

Our patented ISOLATORS eliminate 
equipment interaction, curb damaging 
Power Line Spikes, Tame Lightning bursts 
& clean up interference. 

Isolated $prong sockets; integral Spike/ 
Lightnin Suppressor. 125 V, 15 A, 1875 W 
Total, 1 WW per socket. 
ISO-1 ISOLATOR. 3 Isolated Sockets; 

Quality Spike Suppression; Basic 
Protection . . . . . . . . . . . . .  $76.95 

ISO-3 SUPER-ISOLATOR. 3 DUAL ISO- 
lated Sockets; Suppressor; Com- 
mercial Protection . . . . . .  $1 15.95 

ISO-17MAGNUM ISOLATOR. 4 QUA0 
Isolated Skts; Suppressor; Labora- 
tory Grade Protection . . .  $200.95 

Mastar.Charge, Visa. American Express 
TOLL FREE ORDER DESK 1-8002254876 

(except AK, HI, MA PR & Canada) 

(SATISFACTION GUARANTEED! 1 

1950 E. Park Row Arlington, Texas 76010 

* SPECIALIZING IN: * 
MDS Receivers & UHF Decoders 

MDS COMPLETE COMMERCIAL UNIT. . . . . . . . . . . .  $169.95 
. . . . . . . . . . . .  MDS SLOTTED ARRAY ANTENNA KIT. $25.00 

. . . . . . . . . . . . . . . . . .  MDS DOWN CONVERTER KIT. $28.50 
. . . . . . . . . . . . . . .  MDS COMPLETE POWER SUPPLY $35.00 
. . . . . . . . . . . . . . .  *SPECIAL NE64535 TRANSISTORS $6.50 

. . . . . . . . . . . .  I UHF DECODERS: FV 3 INSTRUCTIONS. $5.00 
FV 3 BOARD $30.00 FV 3 IC CHIP KIT $50.00 
ZENITH 9-1 51 -03 TUNER . . . . . . . . . . . . . . . . . . . . .  $79.95 

1 BOX $19.95 DELUXE BOX $24.95 
. . . . . . . . . . . . . . . . . . . . . . . .  1 POWER SUPPLY KIT. $24.95 

. . . . . . . . . . . . . . . . . . . . . . . . . .  EDGE CONNECTORS $2.95 

SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DEXCEL 
RECEIVERS, LNA'S & CHAPARRAL POLOROTORS. SEND $1 .OO 

1 FOR MORE INFORMATION. 
I 

INFORMATION CALL 817-460-7071 it&] 
ORDERS ONLY CALL 800-433-5169 - 

/ 175 

76 May 1983 Tell 'em you saw it in HAM RADIO! 



1 9 DIGITS 600 MHz SPECIFICATIONS: $12995 WIRED 
The CT-90 is the most venatilz feature packed counter availabk for less L p e :  20 Hz to600 MH, D 

Scns~tivity Less than 10 M V  to I50 MHz 
thm $300.00! Advanced design feaures ~ncludc three seleclable gate times. Less than 50 M V  to 500 MHz 

w_' 
< I Ui.,n, I .r.,".rl.nn I l l"* '  

nine digiu, gatc indeator and a unique display hold knction which holds the Resolution: 0.1 Hz ( I 0  MHz range) . I Y . k . . " d . i .  ....... ,.",, I M Y ~  
displayed count after the input signal is removed Alss a IOmHz TCXO lime 1.0 Hz (60 MHz range) 

• 6 A< M ~ P C V  191 b e  is used which enables easy zero beat calibration checks against WWV. 10.0 Hz (600 MHz rang) 
B P I  N n d p * l  . A (  
~ d . ~ , ,  c N.,,.~ I?  "1 Optionally. an internal nicad banerypackexternal time baseinput m d  M i e n  Display: 9 d d u  0.4'' LED 
0, I U,.,,.,""' I,.." power high stability crystal oven time b u e  are available. The CT-90. Time basr S t ~ d d 1 0 . 0 0 0  mH?. I .O ppm 2@40PC. 
umr D..r 4s 9, 
P.t.rn.8 ,am. h.. ,n,W, I.", 

Opttonal Micropower oven4 I ppm 2040°C 
prfonnance you can count on! Power. 8-15 VAC (m 250 ma 

7 DIGITS 525 MHz $9995. WIRED -7 

PRICES 
.Range. 20 Hz to 525 MHz The CT-70 breaks (he price barrier on lab quality frequency counters. 

Deluxe featuressuch 4 three frequency mges - e x h  withpreamplificatton 
CT-70 w ~ d  l yeuwurmty 599.95 

Sens~ttvity Less than SO M V  to I50 MHz CT-70 K i t  90 day pans war- 
Less than 150 MV to 500 MHz dual selectable e t e  time& and gate activity indication make measurements a mtY 84.95 

Resolution: I .O Hz (5 MHz rang) snap. The wide frequency nnge enables you to accurately measure signals AC-I AC adapter 3.95 
100 Hz (50 MHz range) 

hm audio thru UHF with 1.0 ppn accuracy- chat's .0001%! TheCT-70 is BP-I Nicad pack + AC 
100.0 Hz (500 MHz range) 

the answer to all your memuremen1 needs. in the field lab or hun shack adapterlcharger 12.95 
Display: 7 digits 0.4" LED 
Time base: 1.0 ppm TCXO 20-40°C 

, Power. I 2  VAC (a 250 ma 

7 DIGITS 500 MHz $79% 
WIRED 

PRICES: 
M I N I  I00 wired I year 
uarranty 579.95 
AC-Z Ac adapter for MINI-  
100 3.95 
BP-Z Nicad pack and AC 
adaplerlcharger 12.95 

Here's a handy. p m r a l  purpoae counter chat provides m a t  counter 
functions at m unbeltevable p i c e  The MlNClOO doesn't have h e  full 

frequency range or input impedance qualities found in hi@r pnce un iu  but 
for basic RF sipal  measuremenu, it un ' t  be beat Accurate measurements 
u n  be made from I MHz all the way up10500 MHz with excellent sensitivity 
throughout the mEe. and the two gate times let you select the resolution 
desired Add the nicadpack option and theMINI- 100 mdes antdeal addition 
to your tool box for "imthutield' frequency checks and repair% 

SPEClFlCATIONS 
Rangc I MHz to 500 MHz 
Sensttivity Less than 25 M V  
Resolution: 100 Hz (slow gate) 

1.0 KHz ( f u t  gate) 
Display 7 digtu. 0.4" LED 
Time baac 2.0 ppm 2@40' C 
Power. 5 VDC (h 200 ma 

IGITS 600 MHz $15995 
SPECIF ICATIONP 
Range 20 Hz to 600 MHz The CT 50 IS a veruttle lab bench counter that wtll measure up10600 MHz 
Senr~ttvlty Less than 25 mv to 150 MHz wtth 8 dlwt preclslon A n d  o m  of tu best features IS the Recenve Frequency 

I 
Less lhan ISO mv lo6* MHz Adapter. whtch turns the CT-50 Into a d~g~ta l  readout for m y  melver The 

Resolution 1 0 Hz (60 MHz range) 
Hz (600 MHz range) 

adapter IS eastly pmymmed forany recetver m d  a stmplecmectton tothe 

Dtsplay 8 dtp~ts 0 4 LED rece~ver's VFO IS all thatas r e q u t d  for use Add~ng the recetver adapm In no 

Tsme haw 2 0 ppm 2@40 C way l ~ m ~ u  the operat~on of the CT-50. the dapler can be conven~mtly 

Power I I 0  VAC or I 2  VDC switched on or off The CT-50, a counter that can work doubleduty' 

PRICES: , 
CT 50 wtred l yeu wunnty 51 59 95 
CT 50 KIC 90 day paru 
warranty 119 95 
RA-I. rccelver adapter ktt 14 95 
RA-I w~redmdprepmyurr 
med (send copy of recelver 
schematrc) 29 95 

r 

DIGITAL MULTIMETER $99E1,,, 
PRICtS:  
I)M7lXI wKd I yeuIvMMfy 
DU-7(Nl KIL 90 day pans 
..,s,.m"," 

The DM-700 off-. profcssoon.l quslity pcrformsncr at a hohhvwt prlcr. 

Fnturcs oncludc Zh dtffmrnt rMRs and 5 functiona, all o r r a n d  In a 
SPECIFICATIONS 

ronvmsmt. r s v  to UM firrmmr. Mcuurcmme .re displavrd on a Iarac 3% DUACVOI~:  l00uV to I KV. 5 mges 
199 95 dint. '/: Inch LED readout wtth automh: d m m d  placmmt. automsrlc 

D U  AC 

yu,largrv. wvrrrmnw snd~rarron andoverload pammn upto 1250 volnon all 
cumnt 0. l uA to 2.0 Ampr. 5 ranges 

-a. ." : 79 95 Resistance 0.1 ohms to 20 Megohms 6 rmges ... 
AC- I. AC adaptor 3.95 rmw,  maktng 81 vtrtually goo f -ymf  The DM-700 looks(rmr, a handsome. Input 
RP.3. Nacad pack +AC jrr hlnck, ru& ARS I- ~ 9 t h  <onven~mt rarwrahlr tolt hall makn st an tmpdancc I 0  Mephms W A C  volts 

adaptericharper 19.95 ~dral addntnon to nnv -hop. Accuracy 0.1 % b u ~ c  DC volts 

MP I. Prohc kit 2.95 Power 4 'C cells - AUDIO SCALER 

For high resolution audto rncasurements. multiplies 
UPin frequency 

Great for PL tones 
Mulupltes hy 10 or 100 ...... 

ACCESSORIES COUNTER PREAMP 
Telescopic wh~p antenna . BNC plug. . . . . . . . . . . . . . . . . . . . . . . . .  5 7.95 
High impedance pmbe light loadtng . . . . . . . . . . . . . . . . . . . . . . . . . .  15.95 For mrasurtnp cxrrmclY weak s~wnal* from 10 to I.OOC 
Low pass probe for audio measurements. 1::;: MH, small powered hy plug rransformcr.tncludrd. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Direct probe general purpose usage Flat 25 db fin 
. . . . . . . . . . . . . . . . . . . . . . . .  Ttlt bail for CT 70. 90. MINI-100.. 3.95 ~ N C  conmcton 

Color bunt callbration untt, calibrates counter Great for sntlfinc RF with dck-up low 
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LogmYagis simplified 

A 12-foot (boom) antenna 

achieves 11 -dB gain 

on 10 meters 

Several articles on the design of log-periodic 
dipole and Log-Yagi antennas have made the Ama- 
teur fraternity quite conscious of their excellence for 
long-haul DXing. Their virtues are high gain, excep- 
tional bandwidth, and a large capture area. In order 
to understand the mathematical concepts, rather 
than just copying a design, a series of simple func- 
tions have been derived that permits any interested 
Amateur to design his own Log-Yagi. 

reflector considerations 
Relatively close spacing is employed in these Log- 

Yagis. Purists may be dismayed by this approach, 
since approximately 0.5 dB would be lost in a Yagi of 
similar size. In the case of Log-Yagis, however, if 
such a lost exists it is dwarfed in importance by 
achievement of front to back ratios of up to 30 to 45 
dB. Experimenters who have tried both the wide and 
close-spaced reflectors report that the close-spaced 
reflector shows no apparent loss in gain, but that the 
front-to-back is terrific. Interlacing Log-Yagis does 
show the loss of about 5 dB F I B  when compared 
with monobanders. 

Since I could find no published curves or data for 
using close-spaced reflectors, I decided to  provide 
my own data at three spacings under 0.15 wave- 
length. The spacings were chosen to provide easily 
measured intervals of inches and fractions and result 
in 0.0765, 0.0854, and 0.1 wavelength. Efficient re- 
flectors are made progressively longer as they are 
moved closer to  the driven element or cell. Simple 
formulas can then be used to  calculate reflector 
lengths based on the indicated spacing. Finally, the 
frequencies used for computation are based on the 
lower band-edge where wavelength is determined by 
11808 + f MHz, with the result in inches. 

Reflector spacing versus required reflector length 
is as follows: 

spacing reflector length 

0.0765A 6190 - f MHz 
0.0854A 6115 2 - f MHz 
0.1OA 6050 - f MHz 

director considerations 
In addition to the reflector design needed to pro- 

duce the best F IB  ratio, the best broadband charac- 
teristics with constant gain were also considered. Be- 
cause of perturbations within the log cell, i t  has been 
found that with spacings less than 0.12 wavelength 
the gain is not constant over the entire band. Spac- 
ings between 0.125 and 0.150 wavelength exhibit a 
relatively flat response if the director is adjusted to  95 
percent of the longest cell element. The use of spac- 
ings of less than 0.125 require pruning or adjusting 

By Leo D. Johnson, W3EB, Route 1, Box 448, 
Hollywood, Maryland 20636 
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fig. 1. Gain (dBi) vs T (from K4EWG curves).l.2,3 

the director for best results in the portion of the band 
of interest. 

average Yagi gain 
Tests conducted using two Yagi parasitic elements 

with log-cell radiators show 4.3 to 4.6 dB gain over 
the cell alone. Reference in the text to average Yagi 
gain is based on a 4.5 dB average. 

Second directors provide between 1 and 1.5 dB 
additional gain when spaced 0.15 to 0.2 wavelength 
from the first director. A third director seldom adds 
more than 0.5 dB gain. 

the cell function 
There are as many combinations of Log-Yagi con- 

figurations as imagination will allow. As this article is 
not a treatise on the construction of a single design, 
working examples are used to lead the builder 
through the simple design steps. 

In the formulas presented, f is the frequency in 
MHz at the lower band edge, 7 is the design constant 
between 0.85 and 0.97, and a is the spacing constant 
between 0.05 and 0.19 used to determine cell length 
and gain. Half angle (a 1 is the angle formed between 
the boom and the taper formed by the element. 

It should be noted that a T near 0.95 produces 
higher gain, with virtually any a, than is possible 
using the lower figures near 0.85, and is generally 
what I use. Bandwidth of the cells, even with high 
a, are sufficient through 28 MHz to ensure coverage 
of the entire band. 

Two curves are shown in fig. 1 and fig. 2 which 

fig. 2. Extension and modification of Isbell's fig. 14.4 
[Curve for T = 0.95 only with approximate sigmas (01.1 

enable the designer to reasonably determine cell 
gain. One represents the T versus u from K4EWGJs 
~ o r k ' ~ ~ , ~  and the other is from Isbell's4 work using T 

versus half angles. The lsbell curve has been modi- 
fied by extending the curves to include half angles 
near 3 degrees. 

Both curves are based on pure log-periodic cell de- 
sign and their accuracy is not questioned. For Log- 
Yagi work, Isbell's curves appear to correlate closely 
if a correction factor of - 1.3 dB is applied. 

Subtraction of 2.2 dB results in dBd - or gain over 
a dipole. For this reason, the left-hand figures on the 
modified lsbell curve have been corrected by 3.5 dB 
and shown as dBd. 

Either curve shows that cell gains over a dipole, 
when added to the average Yagi gain, provide a very 
efficient antenna on a relatively short boom. 

designing the antenna 
Having waded through the basics that are perti- 

nent to Log-Yagi design, you can proceed with the 
development of the antenna shown in fig. 3 using 
simple formulas. 

For the cell half-lengths in inches: 

Spacing between the elements is calculated by 
first multiplying the selected a by four and again mul- 
tiplying that quantity by the length of Y l .  Stated as a 
formula: Yl(40) = Yl - Y2 spacing. To calculate the 
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fig. 3. Log-Yagi consisting of cell It'l, 12. and 0) and up 
to three parasitic elements. 

the modified lsbell curve, we must calculate the co- 
tangent (cot) of the half angle from the 7 and a used 
in our design as follows: 

Cot 5.6 (5.614) resolves to a half angle (a) of 10.1 
degrees. 

The gain on the modified lsbell curve indicates 
8.8 dBi, or 6.6 dBd, for the cell alone. Cell gain of 6.6 

P2 - P3 spacing multiply the E l  - P2 spacing by 7. plus 4.5 average Yagi gain renders a figure of 11.1 
This completes the cell design and a total Log-Yagi dBd total gain for the Log-Yagi, or about 0.6 dB less 

can be designed from the data presented so far. than indicated by the other curve. 
For example, a 28-MHz antanna with a 7 of 0.95 The two methods produce little difference in cell 

and using a a of 0.07 results in the following cell gain figures in the region between sigmas of 0.05 and 
dimensions. 0.12, but even the lowest of gain figures eauates to a 

power ratio of 12.6, which makes 100 watis as effec- 
tive as 1.25 kW on a dipole. 

43 = 95.6786 x 0.95 = 90.895 wide-spaced cells 
PI - E2 = (4 X 0.07) x 100.71 

The previous design produced a high-gain antenna 
= 0.28 x 100.71 

on a short boom. Surely some designers will be con- 
= 28.1988 = (28.2) 

sidering whether versions with longer booms and 
Q - 43 = 28.2 x 0.95 

more directors are practical, particularly for those 
= 26.79 = (26.8) 

who have the space to erect them. 
cell length = 55 inches 

If all the constants remain the same except a, 
Continuing the design for the parasitic elements 

using 0.0765-wavelength spacing for the reflector 
and 0.15-wavelength spacing for the director we 
find: 

The parasitic elements require 95.5 inches plus 2 
inches each for mounting; when added to the cell 
length, this figure indicates that a boom of 154.5 
inches, or 12.875 feet, is required. If the antenna was 
to have been designed for exactly a 12-foot boom, 
then this example must be changed by reworking the 
cell length or changing the director spacing. In the 
example given, reducing the director spacing to 
0.125 wavelength results in a new spacing of 52.75 
and the antenna fits a 12-foot long boom nicely. 

The K4EWG curve indicates a cell gain of 9.2 dBi, 
or 7.0 dBd. To compute the half angle to check with 

which is increased, only the spacing between cell ele- 
ments will change. The spacing for Pl - Q becomes 
68.5 inches and Q - f3 is 65.063 inches for a cell 
length of 133.5 inches using a a of 0.17. 

Using this cell length with 0.15-wavelength direc- 
tor spacing and 0.0765-wavelength reflector spacing, 
the boom required would be a little over 19 feet long. 
If, however, the reflector spacing were changed to 
0.0854 wavelength, the mechanical balance would 
be improved and the configuration would fit nicely 
on a 20-foot boom. 

Using the previous formulas, the cot cc is 13.6 and 
the half angle is 4.2 degrees. The modified lsbell 
curve shows a cell gain of 8.95 dBd and a total Log- 
Yagi gain of 13.45 dBd. The 100 watts now looks like 
2 kW on a dipole. 

While straining for every dB possible, adding a 
second or third director could give a final figure of 
over 15 dBd. 

tolerances 
Two items left untouched by most other articles on 

this subject are the need for careful workmanship 
and the use of relatively finite measurement if the 
best results are to be attained. Inattention to detail or 
poor workmanship can cost you gain. 

Tolerances should be held to 1 / 16 inch for element 
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lengths and spacings up to 118 inch as high as 28 
MHz. For metric measurement, 1 mm is an excellent 
tolerance figure (for both length and spacing). 

By fastening the phase lines exactly 0.5 inch from 
the attachment end of the radiator, and maintaining 
equal lengths of each wire or strap in the phasing 
pairs, the builder is ensured of good electrical bal- 
ance and his results will be repeatable time after 
time. The dimensions developed from the design 
effort are based on center-to-center spacing of all 
elements. 

fine tuning the design 
In many combinations of the three basic factors of 

design, it appears that some fractions make the 
measurement practically impossible. Other cases are 
noted where attaining the tolerance figures for con- 
struction is impossible. 

Changing one or more of the factors even slightly 
can often resolve the problems. In the following ex- 
ample of a 14-MHz design, the original figures and 
finalized computations are explained: 

original computation 
f = 14MHz T = 0.95 

final computation 

f = 14.0037214 T = 

0.950341 403 
a = 0.1789265 
!1= 201.375 
@ =  191.375 
P3= 181.875 (181.8716) 
PI - Q = 144.125 
h - 43 = 137.0(136.968) 

First, the dimensions of ('1, 42, and P3 were diffi- 
cult to measure. This was resolved by dividing 2820 
by 201.375 for the new frequency. Although 112 and 
P3 could be considered within tolerance, it was desir- 

able to see how T would be influenced. 
The figure of 191.3786 for L!? after the frequency 

was changed was close to 191.375, so a new T was 
developed by dividing 191.375 by 201.375 for T = 

0.950341403, which helped make P3 a more easily re- 
solved figure. 

Although the cell spacings were resolvable, I felt 
that reducing the sigma slightly would permit the use 
of integral inches for e2 - t '3, and that the small 
change would not affect gain. By cut and try, I im- 
proved the dimensions and arrived at the new figure. 

The results are dimensions well within the estab- 
lished tolerances. It is much more simple to redo the 
arithmetic than to try to measure uncommon frac- 
tions! 

construction 
I've tried various methods for mounting cell ele- 

ments. Generally, the insulating material used in cell 

construction dictates the mounting method. When 
using polystyrene, Lucite, Plexiglass, or PVC tubing 
as insulators, strap them with stainless steel hose 
clamps. (If you use U-bolts, a cushioning material 
must be added.) With these insulators, I used 1-114 
x 1-1 14 aluminum angle mounted to 4 x 4 plates for 

fastening to the boom (with muffler clamps). Most of 
the materials mentioned succumb to weathering of 
some sort in two to three years. PVC shows break- 
down of insulation and the others get brittle and 
crack. 

The best material is polycarbonate. Though this 
material is expensive, it has a tensile strength of 6000 
psi, a breakdown characteristic of 360 volts per mil 
(0.001 inch), it retains its impact strength to - 40 de- 
grees F, and it has a temperature distortion point of 
over 260 degrees F. Polycarbonate with 118-inch wall 
can support a full-sized 14-MHz element, with two U- 
bolts spaced 6 inches apart, when the element is 
enclosed in a tube only 7 inches long with a gap be- 
tween elements ends of 0.5 inch. There will be no no- 
ticeable sag at the element center. 

Single guy wires are satisfactory for small booms 
and on larger-diameter long booms with thick walls. 
The extra support provided by umbrella-type guying 
is recommended in most other cases. When the 
installation is close to salt water, or in areas where 
oxidation !evels are high, stainless steel guys and 
turnbuckles are highly recommended. The 3132-inch 
sailboat-shroud cable is adequate for most cases. For 
very heavy arrays, such as interlaces, 118-inch mate- 
rial is recommended. Dacron is the only rope material 
recommended for guys. This should be of the woven 
type, in diameters of 114 or 5/16 inch. Rope guys in- 
crease wind resistance considerably. 

matching 
Impedances of almost all configurations are be- 

tween 35 and 48 ohms. Whether strap, rods, tubes, 
or wire is used for the phasing lines, their influence is 
small so far as matching capabilities are concerned. 

K4EWG devised a matching stub for his design 
which is easily found by using 256 - f .  It is installed 
between P3 and a 1 :1 balun. Closing up the stub 
spacing or adjusting 118 inch at a time provides the 
best match. 

On many occasions it is difficult to make such 
changes easily. A preferred method is to feed the an- 
tenna through a balun and slightly shorter stub, 
using a transformation in the feedline. This approach 
uses either an odd number of quarter wavelengths of 
%-ohm feedline (corrected for velocity factor) or a 
single %-ohm quarter-wave section between 70-ohm 
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I 9 MHZ CRYSTAL FILTERS 
Apptl. Band. 

MODEL cation width Poles Prlco 
XF-9A SSB 2.4 kHz 5 $50.60 
XF.96 SSB 2.4 kHz 8 68 60 
XF-96-01 LSB 2.4 kHz 8 91.35 
XF-96.02 USE 2.4 kHz 8 91 35 
XF.96-10 SSB 2.4 kHz 10 119.65 
XF.9C AM 3.75 kHz 8 73 70 
XF.9D AM 5.0 kHz 8 73.70 
XF 9E FM 120 kHz 8 73 70 
XF-9M CW 500 Hz 4 51 55 
XF-9NB CW 500 Hz 8 91 35 
XF-9P CW 250 Hz 8 124 95 
XF910 IF nolse 15 kHz 2 16 35 

10.7 MHz CRYSTAL FILTERS 
XF107-A NBFM 12 kHz 
XF107-B NBFM 15 kHz 
XF107.C WBFM 30 kHz 
XF107-D WBFM 36 kHz 
XF107-E PlxrData 40 kHz 

Export lnqutries Invited Shipping $3.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your extstlng HF or 2M rag on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $224.95 
1296 MHz MMk1296.144 119.95 
4321435 MMc435-286) 74.95 
439-ATV MMc439.Ch x 84.95 
220 MHz MMc220.28 69.95 
144 MHz MMc144.28 54.95 
Opt~ons. Low NF (2.0dBmax.. 1.25dB max.), other bands 8 IF'savailable 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output.2M ln MM11296-144 $374.95 
432'435 10 W output. 10M ln  MMt435-28fS) 299.95 
144 MHZ 10 woutput. ?OM ln MMtld4-28 199.95 
Other bands 8 IFs ava~lable. 

LINEAR POWER AMPLIFIERS 
1296 MHz 10 W output MML1296.lO.L $ ask 

' 4321435 100 Woutput MML432.100 444.95 
50 W output MML432.50-S 239.95 
30 W output MML432.30.LS 209 95 

144 MHz 100 W output MML144-100.S 264 95 
50 W output MML144-503 239.95 
30 W output MML144.30.LS 124.95 
25 W output MML144.25 11495 

All models include VOX TIR switching. 
" L  models 1 or3W dr~ve. others 10W drlve. 

Shipping: FOB Concord. Mass. 

ANTENNAS 
420-450 MHz MULTIBEAMS 
48Elemenl 7OIMRM48 15 7dBd 
RA Element 70lMBM88 18 5 dBd 

144.148 MHz J-SLOTS 
8over 6 Hor. pol D812M 12.3dBd 
8 by 8Vert pol D812M.verI 12.3dBd 
8 + 8Twisl 8XY12M 9.5dBd 

UHF LOOP YAGlS 
1250.1350 MHz29 loops 1296-LY 20dBi 
1650.1750 MHz 29 loops 1691.LY 20dBi 
Order Loop-Yag~ connector extra: 

Seoa 4 0 ~  12 slamDs for IUI delan s 01 a, y o ~ r  vdF 
men! ano <V!i cryw D~OOJCI  rpat.#rPmenls 

$83 40 
76 95 
ask 

$44.95 
55.95 

Type N $14.95. SMA $5 95 

-- . 

:TRUM 
TERNATIONAL, INC. 
Post Office Box 1084 

feedline and the balun end. In every case, it has been 
possible to reduce the VSWR to 1.3:l or less across 
the band. 

Though the standard computation for a quarter- 
wavelength section is 246 - f multiplied by the line's 
velocity factor, my figure of 240 - f low end, with 
correction for velocity factors, appears to provide the 
best broadband characteristic for this transfor- 
mation. , about gain figures 

I will be among the first to agree that antenna 
models do not guarantee the gain figures attributed 
to the designs of these Log-Yagis. Usually as much 
as 2.5 dB variation is noted. 

Recent antenna testing by the NRL (Naval Re- 
search Lab) and others have verified that modeled 
antennas are but guidelines for the development of 
full-scale antennas, where certain performances are 
required over particular paths. Recent testing has 
been performed with full-scale antennas to deter- 
mine "apparent gain" over such paths. 

The use here of the idea of apparent gain is similar 
to its use in the development of "gain type" anten- 
nas for mobile use. For example, a 5/8-wavelength 
antenna by itself cannot produce a 3-dB improve- 
ment over an antenna 114-wavelength long. Appar- 
ent gain is accomplished by concentration of energy 
in a favorable direction or takeoff angle. 

Apparent gain follows the design gain quite closely 
in Log-Yagi arrays. On long-haul paths of over 3000 
miles, a comparison with a reference dipole yields re- 
sults that are quite close to those derived by compu- 
tations using the curves. The large capture area and 
non-symmetrical vertical pattern are no doubt con- 
tributors to its ability on such paths. 

credits 
Thanks goes to Peter Rhodes, K4EWG, for plant- 

ing the original seed and for taking the time to dis- 
cuss and verify the aspects of this new design; to 
WA3ELE for making the first long-boom wide- 
spaced array; and a special thanks to the model 
shop-workers who manufactured the antenna hard- 
ware. 
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A ST R 0 N 2852 Walnut Ave., Unit E 
Tustin, CA 92680 

CORPORATION (714)832-7770 

' ICS-Intermittent Commun~cat~on Service (50% Duty Cycle 5mn .  on 5 min, off) r /  114 

. 

INSIDE VIEW - RS-12A 

r-3 - 
MODEL RS-5OA 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 

?@ 

b 

MODEL RS-35M 

VS-M SERIES 

1w 
MODEL VS-20M 

RS-S SERIES 

MODEL RS-12s 

MODEL RS-7B 

ASTRON POWER SUPPLIES 
HEAVY DUTY HIGH QUALITY RUGGED RELIABLE 

RS and VS SERIES 
SPECfAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE 105 - 125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE 13 8 VDC * 0 05 V O ~ S  
from excesswe current & cont~nuous shorted output (Internally Adlustable 1 1-1 5 VOC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 
except RS-4A & low lhne) 
MAINTAIN REGULATION & LOW RIPPLE at low lhne 
Input Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 
ONE YEAR WARRANTV MADE IN U S A 

fiiiF=Y@ 7- 
MODEL US-5OM 

LT 
MODEL VS-SOM 

Continuous ICS* SIZE (IN) Shipping 
MODEL D u b  (Amps) (Amps) H x W X D  Wt (Ibs) 
RS-4A 3 4 3 %  x 6% x 9 5 
RS- 7A 5 7 3 %  x 6% x 9 9 
RS-1OA 7 5 10 4 x  7'/z x 103h 11 
RS-1 2A 9 12 4 % x 8 ~ 9  13 
RS-20A 16 20 5 x 9 ~  10% 18 
RS-35A 25 35 5 x 1 1  x 1 1  27 
RS-50A 37 50 6 ~ 1 3 %  x 11 46 

Sw~tchable volt and Amp meter 

Continuous ICS* Size (IN) Shipping 
MODEL O w  (Amps) (Amps) H x W x D  Wt (Ibs) 

RS-12M 9 12 4% ~8 ~9 13 
RS-2OM 16 20 5 X ~ X  10% 18 
RS-35M 25 35 5 x 1 1 ~ 1 1  27 
RS-50M 3 7 50 6 x l 3 3 h x 1 1  . 46 

Separate volt and Amp Meters 
Output Voltage adjustable from 2-15 volts 
Current llmlt adlustable from 1 5 amps to Full Load 

Continuous Duty ICS' 
(Amps) (Amps) Size (IN) Shlpplng 

MODEL ~ 1 3  I ) M C ~ ~ I O V O C ~ W  @13 8V H x W x D  Wt (Ibs) 
VS-20M 16 9 4 20 5 x 9 x l O Y z  20 
VS-35M 25 15 7 35 5 x 1 1  x 1 1  29 
VS 50M 37 22 10 50 6 x  13% x 11 46 

Bullt In speaker 
Continous ICS' Size (IN) Shlpplng 

MODEL D u b  (Amps) Amps H x W x D  Wt (Ibs) 
RS 12s 9 12 4 % x 8 x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 

Matches EF Johnson PPL Rad~os 
Ava~lable as models 

Continuous ICS' Size (IN) Shipping 
MODEL DutV (Amps) Amps H x W x D  Wt (Ibs) 
RS 78 5 7 4 ~ 7 %  x1O3h 9 
RS-1OA 7 5 10 4x7'/2 x 1 0 3 h  11 



NO FRILLS - JUST LOW PRICES 

Example - 2AT 
2 m  Handheld 

I CALL FOR SPECIAL PRICES ON - I 
Kenwood T S - 8 3 0 s  HF Radio 
TS-430  S - new Kenwood 

mobile HF wlgen. 3 a coverage receiver 

CALL TOLL FREE 

QUADS TOWERS. TOWERS QUADS 

2.3,4 ELEMENT QUADS AND ALSO 
THE "Special" 40. pretuned, wi th 
bamboo or fiberglass spreaders. Our 
references are any amateur who owns 
a Skylane. Priced at $121.00 and up. 
WARC frequencies easily added. En- 
close 50c for details and treatise on 
quads. 

TOWERS 
Steel or Aluminum. Crank down and 
tilt over, from $360, less liberal dis- 
count. Dollar bill for complete infor- 
mation on both towerslquads. 
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SKYLANE PRODUCTS 

COPY 5ATELLITE PHOTOS. 
WEATHER MAPS. PRESS' 

r n p  F 3 . 5  A , , .  ( ,,.,a. , r ,  I , " ,  ' , I  .. I C  (18  1 2 r I 

m" t 
q ;b , + . 

Office Hours: Mon-Thurs 8-5 MST. 

h~ 

FREE CATALOG 
HARDTGFmn RlEClSlON TOOLS 

Llvr r w r c  than 2fYM Items plterr. IWYPZPO. 

unres~r~ppcn, v.xuum systems rrlay lmls. OP 
tlcnl uqutpmenl. tml httr and carer Send lor 
your tree copy todayc 

406 Bon A l r e  Ave.. W4YM T e m p l e  Terrace,  Fla. 33617  
Phone 1-813-988-4213 

STAINLESS STEEL WHIP - FIBERGLASS LOADINGCOIL 
- PATENT APPLIED NOCOILS TO CHANGE 
-LESS THAN 1 5 VSWR IENTIRE TUNING RANGE1 

JENSEN-MC 
7815s 46rh sr rmr  - N I X  AZ 85040 

/ 155 

TUNE 7 2 TO 30 MHz FROM THE OPERATORS POSITION ' I  
- FAST AND SLOW SCAN RATES 

1 

The Model MT IRT mob~le antenna tunes 3 2 lo 30 MHz lnclustve 750 walls CW 150Cl walls PEP tor hams mllllary 

MARS CAP and commerc~al srrvlcp Center loaded lor h~gh  r l l ~ c ~ e n c y  Fnables lunlnq lo exact resonance lo wanted 
lrequency Allows lull oulpul l lom solid stale finals No worrv about reduced ou t~u !  lram s*ut down circulls Oulpul IS un 
allecled oy mo~zlure and In? elements Tuned by a control box al I h r  ODefalor ', DOs!tcon 'J;lSl SeCllOn Contalns a double 
actiofl nvdraul~c CytlndPr drlven by two minlaturr hyUraul$c Dumps and 1 :' volt DC rrlotors I r l r  oo5ltlve conlrol No CrreDlnq 
durlng occrallon or mon~le mollon Can De remoted up to 500 11 from antenna 

MT 1RT lreniote lunrdl $279 95 I 1 00 UPS .Il!pplnq 
MT lRTR(relrokt1 lo* MT 118129 Q5 F 110 IJPS .tvp~lnq 
MT 1 lrnanual lunedl l l A 9  ql, I (10 UPS \l>~pplnq 
MT lAImdr~nemdnual lunrdI819q 95 Q 110 uPb \t l~pD~nq 

Route 1, Box 41 5 

DEALER I N O U l R l E S  I N V I T E D  

ANTECK, INC. Hansen, Idaho 83334 208-423-4100 
I /  110 
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Conlplt't~ Sv5tcsrll in\  [,I( l ~ i t  t fll : ' ' 
Down Converter Probe Style 

(Assembled and Tested) 349 95 
Power Supply (12V to 16V DC+) 

(Assembled and Tested) 539 95 

PETERSON 
4 

ELECTRONICS 

+;.. 4558 Auburn Blvd 
Sacramento. CA 95841 

k 
(91 6) 486-9071 

1 YEAR WARRANTY I PARTS l LA.0. 

C.0 .0 . '~  
SPECIAL OUANTITY 
PRICING 
Dealers Wanted 

RADIO 
DIRECTION FINDER 

The SuperDF 

Inexpensive kit and assembled units for use 
with Hand-Held. Mobile, or Base Station. 
100 to 260 MHz or 200 to 550 MHz with 
one antenna. Non-ambiguous. No 
overloading. Use with unmodified HT, 
scanner. or transceiver. No attenuator or 
"S" meter needed. Can DF signals below 
the noise. A\erages out local reflections 
while mobile-in-motion. Used by FCC, 
US .\my, State of California. Coast Guard 
Aux. Prices start at S125. For details 
send SASE to: B3IG Engineering. 9935 
Garibaldi .\ve. Temple City, Cal. 91780 
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DIGITAL 
MICROSYSTEMSTM 
SOFTWARE 

VIC-20 

Morse Code Message Keyboard 
M C M K  $24.95 

USA/GMT/LOCAL CLOCK 
U G L C  $15.95 

Beacon Controller/ 
Morse Keyboard B C M K  $24.95 

All  p r l c e s  ~nclude sh~pptng M a s s  res add 
5% s a l e s  tax C h e c k  or m o n e y  order 

Pr tces  and s p e c t f ~ c a t ~ o n s  s u b j e c t  t o  

chanqe w t t h o u l  n o t l c e  o r  o b l ~ g a t l o n  

Digital Microsystems, Inc. 
607 Sudbury Street 

Marlboro, MA 01  752 
I/ 130 



NEMAL SPRIlYG SALE 
CONNECTORS - ADAPTERS 
BNC (Amphenol/Klngs) TYPE N 

(Amphenol/Kings) 
UG,88C/U Male47058 1.25 
UG.89B/U Female.RG58 1.45 UG.21 D/U Male. RQ8,213 3.00 
UG-280B/U Male.RQ59 1.35 UG.21 O/U Sllver plate 3.35 
No. 31-4700 0. Crimp RG58 1.95 UG.22 B/U Flange Female. RG8 4.25 
No. 89175 Mala.R0174/U 2.95 UG.23 D/U Inline Female. RQ8 3.25 
UG-2W/U 4 Hole MT Fern. 1.35 UG-58/U Chassis m l  Female 2.45 
UG.291 Cable MT Female 3.45 UG.204C/U Male. RG.217 9.90 
UG.625 Single Hole MT 1 .OO UG.536B/U Male. RG58 3.00 
UG.959 MaIe.RG8 5.25 UG.536B/U Silver plate 3.35 
UG.491 Double Male 3.50 UG.803A/U Male. RQ59 3.95 
UG.492 Feedlhru 3.75 UG-803A/U Silver Plate 4.30 
UG.274 "1" 4.25 UG-ll85/U Male - Captlvated 3.55 
UG.306 Elbow 3.95 Crimp Male RG.8, 213 3.75 
UG.914 Double Female 2.00 

TYPE "F" AND AUDIO UG-27C/U Elbow, Silver 5.25 
F59 w/Sep 1/4" Ring 10/2.45 UG-29B/U Barrel 3.90 
F59A w/Built on Ring 10/2.15 UG.29B/U Sllver Plate 4.25 
F59 w/Bullt on 1/2" Ring 39$ UG,57B/U Double Male 4.95 
F56 w/Bullt on Rlng 10/2.25 UG.S7B/U Silver Plate 5.30 
F56 w/Sep l /4" Ring 10/2.55 
F56 w/Built on 1/2" Ring 396 
F56DB For Double Braid 39e 
F.11 w/Sep Rlng.RG11 59$ 
F.61 Chassis MT w/Nul 49e UHF 

F.71 Double Male 1.65 
F-81 Double Female 496 PL.259 U.S. Made 654 or 10/5.89 
RCA Male Bare Metal 10/1.99 PL.259 Amphenol 79e 
RCA Oval or PC Female 10/1.99 PL'259 Silver Plate 1.39 
RCA Chassis MT w/Nut 10/1.99 ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ , s l l v e r  1.49 
FICA Plastic Male/Fam 396 SO.239 1.59 
Mini Plug 3.5mm Plastic 10/5.89 
I/#' Chas. .Jack 2.con s0.239Sing'e 79e 
3/16 Mike plug, Brass cutoff 1.25 Hole.LOng 

PL.259Crimp 63.58SP 
79e 
1.39 

Purh.On Shell 394 
UG.175 Reducer.RG58 10/1.99 INTERSERIES ADAPTERS 

UG.255 PL259 l o  BNC 3.50 UG.178 Reducer.RG59 10/1.99 
UG.255 Amphanol 3.95 Double Mala 1.89 
UG.273 BNC l o  PL259 3.00 PL.258 Dbl. Female Barrel g8( 
UG.349 Type N to BNC 5.79 PL.258Amphenol83.1J 1.25 
UG.~OI BNC to Type N 3.75 M359 Elbow 1.89 
UG.83 Type N to PL259 6.50 M359Amphenol83.1AP 2.95 
UG.146 PL259 to Type N 6.50 M358"T" 2.59 
Type F to BNC 2.45 M358 Amphenol 83.1T 4.39 
Type F to RCA/Phono 2.25 UG383/U Feedthru Amphenol 4.79 
UHF to RCA/Phono 1.45 UG.363/U 3.25 

PREASSEMBLED COAXIAL CABLES 
Low Loss Foam -4 

PL-259 C o n n e c t o r  on each end 

COAXIAL CABLE 
CLEAR - POLYETHELYNE DIELECTRIC 

Per Foot 
R&8A/U 75 ohm Double Shleld 2% 
RQ-B/U 08% S ~ I S I ~  MII. spec. 31t 
RQ.ll/U MII. Spec. 75 ohm. 98% Shleld 27: 
RQ.llA/U MI1 Spec. non.contrmlnetlng, 98% Shleld 32C 
RQ.55B/U Dbl. Shleld 50 ohm (RQ58 Size) sot 
RO.58/U 96% Shleld MII. Spec lit 
RG.SBA/U MII. Spec. Strended. 88Y. Shield 12t 
RQ.58C/U MII. Spec. non.contamlnetlng, 96% Shleld 1 4  
RQ.SB/U MII. Spec. 88Y. Shleld 12$ 
RQ.59 B/U M11. Spec.. non.conlemlnatlng. 96% Shleld 17t 
RQ.82A/U MII. Spec. 93 ohm. 96% Shleld 14t 
RQ.l15/U Tellon. Double Sllvar Shleld. 50 ohm $1.80 
RQ.l42/U Dbl. Silver, Teilon 50 ohm (RQSB Slze) We 
RG.l74/U MII. Spec. 50 ohm (Miniature Size) 1 o t  
RQ.213/U MII. Spec. non~contamlnatlng, 96% Shleld 38C 
RG-214/U Double Silver Shield 50 ohm (RG8 Slze) $1.55 
RG.217/U 5/8" 0.0. Double Shleld 50 ohm 85C 
RG.223/U Double Sllver Shield SO ohm (RGSBSIze) 85C 

LOW LOSS FOAM DIELECTRIC 
Per Foot 

RG.B/U 75 ohm 100% Foll 120 
RQ.B/U 80% Shleld l9C 
RGWU 97% Shield 11 Ga. (Equlv. Belden 8214) 
RG4X 95% Shleld (mlni 8) 

31C 
17C 

RQ.ll/U B7% Shlald 14 GU 75 ohm 
RG.58/U 80% Shleld 

36C 
08t 

RQ.SB/U 95% Shleld 11t 
RG.58/U Beldan No. 9201 (100 Ft. Rolls) 11.95 per Roll 
RG.59/U 100% Foll 1w 
RG.59/8 100% FOII 18 GU. Gray 12t 

GROUND STRAP 
3/18" Tinned Copper Braid 10$/Ft. 
3/16" Silver Plated Braid 15$/Ft. 
3/8" Tlnned Copper Braid 30C/Ft. 

ROTOR/MULTICONDUCTOR CABLES 
8 Conduclor(SIandard) 2.18 gu, 8.22 gu 19C 
8 Conduclor(H8avy) 2-16 gu. 8.18 gu 36C 
2 Conductor 18 gurge 1 ot 
4 Conductor 18 gurge 
4 Conductor 20 guaga 

1 ec 
1 4  

4 Conductor 22 g u r ~ e  1 ot 
Shialded Hook.up Cable Stranded 1 (I$ 
Shlaldad Hook.up Cable Solld 1 o t  

I 

SIGNAL 
RG-8/U RG-58/U 
100' 19.95 100'  10.95 1 2 '  3.25 
75 15.95 5 0 '  6.95 1.5' 2.55 
50 10 95 20 3 95 
20 '  6.95 
3 '  3.25 

Coaxial Cable with PL-259 on one end and 
Spadelugs on the other end 

RG-8/U RG.58/U 
20' 4.95 ea. 12' 2.49 

20' 2.95 

8 Ft. Shielded Cable w/1/4" plug on one end $1.25 
1 Ft. Shlelded Cable w/RCA plug on each end 49C 
6 Ft. Shielded Cable w/Mini plug on each end $1.25 
1 Ft. RG.59/U 75 ohm Coax w/F connector each end $1 .I9 

2 - WAY COAXIAL  SWITCH : I ~ ~ ~ ~ ~ ~ ~ , " ~  
2 Models Available I 

wodel CSR , Heavy Duty Model CSH 
lype) I with unused Input 

Terminated 

$8.95 ea. 

Use t o  select VTR, LR"i Antennas or  Vldao Games 

SPLITTERS 
GROUNDING BLOCK lnline double "F" female 

For TV Antenna Lead-In lug for grounding wire 
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ZeHw 2 WAY 
$2.79 

4 WAY 
$4.39 

WEATHER B O O T  
Far R G  - 59 Coax 

,Y 
we - 59 396 ea' - 

WALLPLATE 
Type F Feed Thru 

Ivory $1.29 

$1.89 
LGB-59 75 ohms 

NEW! VTR ADAPTER 75 ohm ,.F,. Input 
(VTR - 1) comblned UHFlVHF - OUTPUTS (2) 

VHF 75 ohm 
UHF 300 ohm 

$2.79 ea. Set o f  2 $5.29 
Use lull UHF capabll~tles on your vldeo tape recorder wlthout 
unnecessary connecl~ons 

I 

SHIPPING CHARGES 
Connectors  10% ($3.00 m i n i m u m )  

Cab le  TV Produc ts  10% ($3.00 m i n i m u m )  
Cab les  $3.00 1s t  100 ft;, $2.50 each 

75 OHM ATTENUATOR Add' l .  100 
Female - Male Type F Orders Under  $20.00 Please A d d  $2 Ext ra  

6 db 
Truck  S h i p m e n t s  Fre igh t  Co l lec t  

10 db $2.89 Each C.O.D. A d d  $1.50 
20 db AODlTlONAL CHARGE FOR ALL SHIPMENTS 

OUTSIDE THE CONTINENTAL U.S. 

NEMAL ELECTRONICS INTL. INC. 
North 1325 Miami, N.E. 119th Florida Street 33161 

r /  172 

ORDER HOTLINE (305) 893-3924 



MAIL ALL ORDERS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY, NY 10012. - 

t4Aqul Se Habla Espanol" Cushcratt. Daiwa, Dentron. Digimax. Drake, ETO (Alpha), Eimac. En- 
comm Hen Hustler (Newtronics), H Gain. lcom. KLM. Kantronics, 

BARRY INTERNATIONAL TELEX 12-7670 ~arser;, MCXi (Daiwa), MFJ, J.W. Gilier, Mini.Products, Mirage. 

TOP TRADES GIVEN ON YOUR USED EQUIPMENT 
Newtronlcs, Nye Viking. Palomar, RF Products, Radio Amateur Callbook, 
Robot. Rockwell Collins, Saxton, Shure, Swan. Telex, Tempo, Ten.Tec, 

STORE HOURS: Monday-Friday 9 to 6:30 PM Tokyo Hi Power,Trionyx TUBES, W2AU. Waber, Wilson. Yaesu Ham and 
(51.50 parking across the street) Commercial Radios,Vocom, Vibro [ex. Curtis, Tri.Ex, Wacom Duplexers, 
Saturday 6 Sunday 10 to 4 PM ( F w  Parking) Repeaters, Phelps Dodge, Fanon Pntercoms, Scanners, Crystals. 
AUTHORIZED DISTS. MCKAY DYMEK FOR WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
SHORTWAVE ANTENNAS 8. RECEIVERS. DEALER INQUIRIES INVITED. PHONE IN YOURORDER 8 BE REIMBURSED. 

IRTILEX-"Sprlng St. Station" 
Suh*W BMT-"Prince St. Station" COMYmRCIAL RADIOS mtookod & u w l d  on pnmlus. 

lND."F" Train-Bwy. Amateur Radlo & Computer Courses Olvan On Our Promlsas, Call 
Bus: Broadway #6 to Spring St. Export Orderm Shipped Immedtmtely. TELEX 12-7670 



the grounded monopole 
with elevated feed 

Low-takeoff-angle vertical 
for 10 through 80 meters 

A popular mult iband antenna in the 1930s was the 
off-center-fed or Windom. It consisted of a half- 
wave horizontal dipole, at its fundamental frequency, 
fed off-center by a single wire feeder, at a distance of 
about 0.36 times its length measured from one end. 
A later version of the off-center-fed antenna (1940s) 
used 300-ohm twin lead instead of a single wire 
feeder, fed at a point one-third of its length, meas- 
ured from one end. This antenna operates satisfacto- 
rily on the fundamental frequency and on harmonics, 
permitting operation on the 80-, 40-, 20-, 15-, and 10- 
meter bands. 

If this off-center-fed antenna is turned up on end 
and grounded at the end closest to the feed point, 
we now have a vertically-polarized antenna with im- 
pedance and radiation characteristics that change 
with frequency in such a way that this antenna can 
be successfully employed for multiband (multi-fre- 
quency) operation. However, it has not been used, 
to my knowledge, at high frequency for radio com- 
munications. The antenna is in effect a grounded 
vertical monopole with elevated feed. Its main lobe, 
which is directed toward the horizon, does not break 
up into a high angle lobe for heights between 314 and 
1 wavelength. 

The transfer of the feedpoint from the base up- 
wards has been used for a different purpose, in the 
sleeve antenna, originally designed for VHF, but re- 

cently adapted for use at high frequency.' The half- 
sloper2 is also a type of elevated feed antenna. In the 
present design, the antenna is earthed at its base, 
and sectioned at a height of one-third its total height. 
The coaxial feeder cable is brought up along or inside 
the earthed lower section. Its sheath is connected to 
the top of the lower section, and the inner conductor 
is connected through a 4:l step-up transformer to 
the insulated upper section. This is shown in fig. 1A. 

An antenna of this design was described by Hatch 
et a13 who analyzed it by approximation, treating the 
antenna as a lossless transmission line of constant 
characteristic impedance. Since the standing wave 
component of the antenna current is much larger 
than the progressive wave component, correspond- 
ing to radiation, for thin monopoles, this treatment is 
a good first approximation. 

On this assumption, the authors computed the 
current distribution on the radiator for h = X/4, X/2, 
3/4X and X, (f ig. 2).  Note the elevated feed has a pro- 
nounced effect on the current distribution on the 
radiator, an effect which improves the radiation pat- 
tern of the antenna for h > X/2, since for h = ?/4X 
and X the current distribution is essentially in phase, a 
desirable feature for maximum gain. 

radiation patterns 
The radiation patterns of the monopole were also 

computed, and are reproduced in fig. 3, for h = X/2, 
3/4X and X. Patterns for the elevated feed differ little 
from those for base feed for heights up to h = X/2, 
but there is a substantial improvement in low angle 

By John S. Belrose, VE2CV, 3 Tadoussac 
Drive, Aylmer (Lucerne), Quebec, J9J 1G1 
Canada 
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radiation for h = 3/4X and X. In the case h = X, the 
base-fed antenna has only a high angle lobe, where- 
as with an elevated feed, there is no high angle lobe, 
and the radiation is dominantly low angle (less than 
10 degrees above the horizon). Such an antenna 
would be a good DX antenna since it will have gain at 
these frequencies. The patterns are significantly 
modified by the finite conductivity of the earth, and a 
radial ground system must be employed to reduce 
losses due to currents returning to the base of the 
antenna through the ground. This is no different 
from any ground plane antenna. 

antenna reactance 
The reactance to the source was computed, and 

calculated curves are reproduced in fig. 4. The rate 
of change of reactance with frequency is smaller for 
the elevated feed antenna, and the SWR (actually 
X/Z , ,  where 2, = the characteristic impedance of 
the antenna if considered to be an open-circuit trans- 
mission line) is particularly small at X/4 and 5X/4. The 
SWR at X/2 and X is acceptable if an antenna tuner is 
used to match the antenna to the transmitter. If the 
antenna height is such that it is approximately quar- 
ter-wave resonant at 80 meters (3.75 MHz), it could 
be used on 80-, 40-, 20-, 16-meters (18 MHz) and 15 
meters ( h  = 3X/2). 

antenna modeling 
The antenna reactance versus frequency curve 

shown in fig. 4 represents the ideal case, since the 
antenna was analyzed as a lossless transmission line, 
whereas a practical antenna has resistance (radiation 
and loss resistance) as well as reactance. The impe- 

STEP UP TRANSFORMER 
I 4 FLRAlTL BILUN 

I b i  

fig. 1. (A) Elevated feed grounded monopole antenna, 
(B) Use of a cage of wires instead of physically section- 
ing the antenna. 

( 0 )  h=A/4 (b) h = A / 2  ( c l  h=3A/4 (dl h = A  

ELEVATED FEED 

, 10 lo I0 
BASE 
SOURCE 

fig. 2. Current distribution for base-fed and elevated- 
feed monopoles.' 

dance of a modeled antenna over a perfectly con- 
ducting ground plane (a 30-meter diameter wire grid 
ground screen) is shown in fig. 4. The antenna was 
1.96 feet (60 cm) high, and 0.25 inches (0.63 cm) in 
diameter. The antenna was fed at a point one-third 
its height above ground. The top section was fed by 
connecting it to  a wire running inside the lower sec- 
tion, but insulated from it. The lower section of the 
mast with the feed wire inside behaved like a coaxial 
feeder, as well as part of the monopole antenna. The 
impedance ( Z ,  9 and r) was measured between the 
lower end of the coaxial feeder wire and ground. I' is 
the voltage reflection coefficient, with reference to 
50 ohms: 

r = 
SWR - 1 
SWR + 1 

If at lull scale 3.5 MHz corresponds to 100 MHz, 
the scale factor equals 28.57, and at full scale the 
monopole is 56.24 feet (17.14 meters) high, and 7.4 
inches (18.14 cm) in diameter. For this scale factor, 
the band edges for the 80, 40, 30, 20, 15, and 10 
meter bands are marked. Except at 20 and 40 meters 
theSWR < 4 : l .  

sectioning the monopole 
A tower is physically sectioned by proper place- 

ment of insulating sections. This is not very practical, 
especially if a grounded tower is available. Broad- 
casters have used grounded towers for particular 
applications that require the tower to be sectioned, 
and they have devised a method to effectively 
achieve this without physically doing so. The method 
is sketched in fig. 18. 

The tower is screened using insulated outriggers 
which support a surrounding cage of vertical wires. 
Six or eight wires are required, although four wires, 
as sketched, might be satisfactory. The wires are 
joined together by a peripheral wire at the top of the 
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tower, at the bottom of the top section, at the top of 
the bottom section, and at the base of the tower. 
The sketch shows a physical separation at the place 
where the tower is sectioned. In practical applica- 
tions, a series strain insulator would be inserted in 
the vertical dropwire at that point. This arrangement 
effectively screens the grounded tower, sections it, 
and since the electrical diameter is increased, the in- 
trinsic bandwidth of the radiator will be greater. 

performance 
A temporary test antenna was constructed using a 

37-foot free-standing whip mounted on an 18-foot 
lattice tower. This antenna was erected at the au- 
thor's QTH (f ig. 5) .  The SWR was measured at a 
number of frequencies in 3-30 MHz band. These re- 
sults are plotted in fig. 6,  where the abscissa is h/X 
rather than frequency. 

Since the antenna is not resonant and matched at 
any frequency in this band, the SWR depends upon 
the length of the feeder transmission line, and its 
characteristic impedance. The SWR for lengths 30 
feet and 100 feet of RG8-U (50-ohm coax) was meas- 
ured, and measurements were made with 72-ohm 
coax. Rice and W i n a ~ o t t , ~  following the Marconi 
work, employed a 7.5 pH coil across the 4: 1 step-up 
transformer, (f ig. I), which was supposed to im- 
prove the SWR at the higher frequencies. The author 
found that this coil increased the SWR at these fre- 
quencies, and so this inductor was not used. While 
there were differences in the SWR at particular fre- 
quencies for the different lengths and impedances of 

the feeder cable, an optimum length or impedance 
was not found. The results in fig. 6 were for a 100- 
foot length of RG8-U. The SWR for the various pres- 
ent and proposed Amateur bands are in table 1. 

The SWR was highest at 10.1 MHz, where h/X = 
0.57, it was 5.5. This is, however, of no conse- 
quence, provided the antenna can be matched em- 
ploying an antenna tuning unit. Since the normal loss 
for SWR = 1 for RG8-U cable at 10 MHz is 0.45 dB, 

901 
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fig. 3. Vertical radiation patterns for base-fed and ele- 
vated-feed monopoles.' 
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fig. 4. Curves that show the feed impedance of the grounded monopole with elevated feed versus operating frequency for 
the scaled model. Corresponding full-scale frequencies are noted. 



table 1, Initial antenna SWR measurements are indicated together with 
the corresponding Drake MN.4 antenna tuner dial settings and band- 
width positions. The last column lists impedances inferred from the 
tuner R I X  dial settings. 

frequency lnltlal 
MHz SWR 

3 70 3 3 
7 10 4 5 

10 10 5 5 
14 15 3 3 
18 10 2 0 
21 20 2 8 
24 90 2 5 
28 50 3 1 

antenna tuner 
dial R l X  bandswitch 

9 . 1  1 80 
2 1  3 6  40 
5 6 . 7 8  40 
4 6  4 1 20 
4 .3 ,8  6 20 
4.6 5 3 15 
4 1  10 15 
3 9  7 10 

antenna ~mpedance 
magnitude (ohms) 

and phase (degrees 

26 30 
98 4 46 

100 $ 5 9  
17 34 
85 , + 34 
19 16 
83 a15 
19 50 

the additional loss due to SWR = 5 . 5  is about 0.6 
d& for a total loss of about 1 dB. This is hardly worth 
worrying about. A more important consideration is 
radiation from the transmission line, which should be 
buried, and the run above ground into the shack 
should be as short as possible. 

Table 1 includes dial setting and bandswitch posi- 
tions to tune the antenna at the various frequencies 
for an S WR = I : ] ,  employing a Drake MN-4 antenna 
tuner. Also shbwn are the antenna impedances infer- 
red from these dial settings. That is, the transmitter 
input port was terminated in 50 ohms and with the 
tuner controls reset to the indicated value, the conju- 
gate impedance was measured at the tuner output 
port. This measurement gives the correct magnitude 
of the antenna impedance, but the opposite sign of 
the phase angle. These settings and impedances 
would not apply to other installations, since it is hard- 
ly likely that this temporary antenna would be copied 
identically. They are given to indicate that the anten- 
na can be tuned at all frequencies using an antenna 
tuner. A table such as this facilitates band change, 
the controls can be preset and require only trimming 
for minimum SWR. 

While I had. no doubt that the antenna would per- 
form as predicted, my concern was that losses in the 
ferrite balun (which was used for the 4:1 step-up 
transformer) might be high for high SWR.= I do not 
have a Drake 8-1000 balun which is supposed to be 
designed for such applications. For outdoor use, this 
balun must be mounted in a weatherproof box, with 
feedthrough insulators. 

The first test was to measure the SWR at different 
power levels. It was measured at 10 watts of forward 
power and 100 watts of forward power. No differ- 
ence was detected. 

The operational performance of an antenna is diffi- 
cult to measure quantitatively. The following ac- 
count describes some communications tests con- 
ducted over several days in October, 1980. 

Starting with 20 meters, I measured the relative 
gain with respect to an elevated ground plane (a Hy- 
Gain 14AVQ trap vertical with 16 radials, four for 40, 

20, 15, and 10 meters) on the roof of my garage. A 
gain of 0 to 1 S units was measured (0 to 5 dB). The 
measured gain was obviously dependent on the dis- 
tance of the station being received and the propagat- 
ing mode (angle of elevation of signal received). 

On 40 meters during early evening hours, I worked 
UK2PCR, and GW4BWK, whom I chatted with for 
half an hour or so. He was using a full-wave delta 
loop apex up, lower corner feed (vertical polariza- 
tion). I was using a Yaesu FT101 (100-watt trans- 
ceiver). 

On 75 meters, during the same two evenings, I 
worked Y21UJC. EAlUU, FT7DG, and G2PU. I had 
not previously worked DX from my QTH on 75 
meters, since my fixed antenna system is quite inade- 
quate for working DX. If you can't hear DX, you 
can't work it. 

I QSY'd with VE8MA from 20 meters to 15 meters 
late one evening. I thought the 15 meter band might 
be dead. My received signal report came up by an S- 
unit, his remained the same. He was using a tri-band 
beam. 

On 10 meters, my brief experience is that if you 
can hear the station you can work him. 

fig. 5. Photograph of a simply-constructed monopole with 
elevated feed (employing a free-standing Fiberglass whip 
for the top section). 
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HEIGHT-TO-WAVELENGTH RATIO ( h l h )  

f ig. 6. SWR versus height lwavelength rat io fo r  the  an- 
tenna shown i n  fig. 5, fed w i t h  100 feet  o f  RG8-U. 

conclusions 
The antenna appears to perform well. It is not a 

gain antenna, and beam antennas usually, but not al- 
ways, outperform it. The lack of a directional pattern 
means that QRM can be high. However, the grounded 
monopole antenna with elevated feed has a pattern 
and impedance that changes with frequency in such 
a manner that the antenna can be used for DX, and it 
can be used on any frequency in the high-frequency 
band (3 to 30 MHz). 

appendix 
Radio Amateurs nowadays are accustomed to  employing 

matched antennas, and some might find it difficult to match their 
transceiver to a reactive load. As an aid: 

1. Calibrate the dial settings for your transceiver using an SWR 
bridge and a 50-ohm load; 

2. when tuning a reactive antenna (high SWR) don't tune the 
transmitter PA for maximum forward power to the mismatched 
antenna, \tau will only mistune your transmitter. Set the plate tank 
and load capacitors to the place where the transmitter delivers 
maximum power at an SII'R = I . I  into the 50-ohm load; 

3. with low rf drive (suffic~ent to measure SWR or reflected power. 
tune the resistance and reactance dials of the antenna tuner to- 
gether for low SWR (or reflected power). Only when the antenna 
is matched, and the SWR seen by the transmitter is 1:1, should 
you tune the transmitter for maximum forward power. 
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'lbo great 
ways to get - 

444D SSBIFM 
Base-Station Microphone 
Shure's most widely used base 
station microphone is a ham 
favorite because it really helps 
you get through .. .with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOXINORMAL switch 
and continuous-on 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you're after 
more Q5's, you 
should check 
it out. 

526T Series II 
SUPER PUNCH" 
Microphone 
Truly a m~crophone 

and a half1 Var~able out- 
put that lets you adjust thc 
level to match the svstem. 
The peFfect match'for ' virtually any transceiver 

made, regardless of 
impedance. Turns 
mobileNBFM unit into 
an indoor basestation! 

FREE! Amateur 
Radio Micro- 

features make the 

THE SOUND OF THE PROFESSI0NAI.S ... WORLDWIDE , 
Shure Brothers Inc., 222 Hartrey Ave.. Evanston. IL 60204 
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New low-no~se microwave transistors make 
preamps in the 0.9 to 1.0 dB noise figure 
range possible without the fragility and power 
supply problems of gas-fet's. Units furnished 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. 

MOde/8 LNA( ), - " P30. end P432 
ShOWn 

Tunable 
Model Freq Ranpe Noise Fipure Gain Prlce 
LNA 28 20-40 0.9 dB 20 dB $39.95 
LNA50 40-70 0.9 dB 20dB $39.95 
LNA144 120-180 1.0dB 18dB $39.95 
LNA 220 180-250 l.OdB 17 dB $39.95 
LNA 432 380-470 1 .O dB l8dB $44.95 

Our traditional preamps, proven in years of 
service. Over 20,000 in use throughout the 
world. Tuneable over narrow range. Specify 
exact freq. band needed. Gain 16-20 dB. NF = 
2 dBoriess. VHFunitsavaIlable 27 to300 MHz. 
UHF units available 300 to 650 MHz. 

P30K. VHF Kit less case $14.95 
P30C. VHF Kit with case $20.95 
P30W, VHF Wirednested $29.95 
P432K. UHF Kit less case $18.95 
P432C, UHF Kit with case $24.95 
P432W. UHF Wirednested $33.95 

Models to cover every practical rf 8 If range to 
listen to SSB, FM. AN, etc. NF = 2 dB or less. 

Antenna Receiver 
Input Range Output 

VHF MODELS 28-32 144-1 48 
50-52 28-30 

Kit $44.95 50-54 144-1 48 
Less Case $39.95 i:::;:; 28-30 
Wired $59.95 28-30 

144-144.4 27-27.4 

UHF MODELS 432-434 28-30 
435-437 28-30 

Kit $54.95 432-438 144-1 48 
Less Case $49.95 432-436 50-54 
Wired $74.95 439.25 61.25 

SCANNER CONVERTERS Copy 72-76,135- 
144,240-270,400-420, or 806-894 MHz bands 
on any scanner. Wiredltested Only $79.95. 

I 28-30 432-434 
For UHF, 28-30 435-437 
Model XV4 50-54 A19.dqa I 

Our lab has developed a new line of low-noise 
receiver preamps with helical resonator filters 
built in. Thecombination of a low noise amplifier 
similartothe LNAserlesand thesharpselectivity 
of a 3 or 4 section helical resonator provides 
increased sensitivity while reducing intermod 
and cross-band interference in critical appli- 
cations. See selectivity curves at right. Noise 
figure = 1 to 1.2 dB. Gain = 12 to 15 dB. 

Model Tuning Range Price 

HRA-144 143-150 MHz $49.95 
HRA-220 21 3-233 MHz $49.95 
HRA-432 420-450 MHz $59.95 

For SSB. CW, An/.  FM, etc. Why pay big 
bucks for a multi mode rlg for each band? Can 
be linked with receive converters for 
transceive. 2 watts output. I 

For VHF, 
Model XV2 
Kit $79.95 
Wired $1 19.95 
(Specify band) 

Exciter 
input Range 

28-30 
28-29 
28-30 

27-27.4 
28-30 
50-54 

144-1 46 
50-54 

144-146 

Antenna 
Output 
144-146 
145-146 
50-52 

144-144.4 
220-222 
220-224 
50-52 

144-148 
28-30 

FM-5 PC Board Kit - ONLY $1 59.95 

I complete with controls, heatsink, etc. 
10 Watts, 5 Channels, for 6M, 2M, or 220 I 

inet Kit, complete 
speaker, knobs, 

cabinet kit free when 
you buy an FM-5 Transceiver kit. 

Isecan you get a complete transceiver 1 for only $159.957 I 

LOOK AT THESE 
AlTRACTlVE CURVES! I 

Typical of Receivers SeIecHvify and Corns 

Helical Resonetom I 
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For years, Hamtronics @ 

s have been used by 
individual hams and manufac- 

quality and superb value, we are proud ' 
to offer a complete repeater package. - 
------- 

FEATURES: 
a SENSITIVITY SECOND TO NONE; TYPICALLY 

0.15 uV ON VHF, 0.3 uV ON UHF. 

a SELECTIVITY THAT CAN'T BE BEAT' BOTH 
WlredTTested 8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 

GREATER THAN 100 dB AT f 12KHZ. HELICAL 
6M,2M,220 $595 $745 RESONATOR FRONT ENDS. SEE R144. R220. 

440 $645 $795 AND R451 SPECS IN RECEIVER AD BELOW. 

Bofh kit and wired unrh am complete wifh eN perfs, modules, hardwere, and crystels OTHER GREAT RECEIVER FEATURES: FLUlTER- 
PROOF SQUELCH. AFC TO COMPENSATE FOR 

CALL OR WRITE FOR COMPLETE DETAILS. OFF-FREQ TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

Also evarlable for remote site Iinkrnp/cmssbend 6 1OM CLEAN, EASY-TUNETRANSMITTER; UPTO 20 WAlTS OUT. 

INTRODUCING - 
NEW 1983 RECEIVERS 

R144 Shown 

R144/R220 FM RCVRSfor 2M or 220 MHz. 
0.1 5uVsens.; 8 pole xtal filter8ceramicfilter 
in i-1, helical resonator front end for exceptional 
selectivity (curves at left). AFC incl., xtal oven 
avail. Kit only $1 19.95 

a R451 FM RCVR Same but for uhf.Tuned line 
front end, 0.3 uV sens. Kit only $1 19.95. 

a R76 FM RCVR for 10M. 6M. 2M, 220, or 
commercial bands. As above, but w/o AFC or 
hel. res. Kits only $109.95. 
Also avail w/4 pole filter, only $94.951 kit. 

HELICAL RESONATOR FILTERS available 
separately on pcb wlconnectors. 

HRF-144 for 143-150 MHz $34.95 
HRF-220 for 213-233 MHz $34.95 
HRF-432 for 420-450 MHz $44.95 

a COR KlTS With audio mixer and speaker 
amplifier. Only $29.95. 

a CWlD KlTS 158 bits, field programmable, 
clean audio. Only $59.95. 

a DTMF DECODERICONTROLLER KITS. 
Control 2 separate on/off functions with 
touchtones', e.g., repeater and autopatch. 
Use with main or aux. receiver or with Auto- 

T R A N S M I T E R S  AND / ACCESSORIES 

TS1 VHF FM EXCITER for 10M. 6M, 2M, 
220 MHz or adjacent bands. 2 Watts contin- 
uous. Kits only $59.95 

a T451 UHF FM EXCITER 2 to3 Wattson 450 I ham band or adjacent. Kits only $69.95. 

1 I patch. Only 589.95. I VHF&UHFLINEARAMPLIFIERS. useon 

I a AUTOPATCH KITS. Provide repeater auto-  either^^ or SSB. Power levelsfrom 10 to45 ' R1 loVHFAM kitforVHFaircraft patch, reverse patch, phone line remote Watts to go with exciters8 xmtg converters. 
band or ham bands. Only $84.95 contrnl of reoeater, secondaw control vla Kits from $69.95. . 
R l  10 UHF AM RECEIVER for UHF uses, repeater rece~ver. Many othkr features. 
including special 259 MHz model to hear Only $89.95. Requires DTMF Module. 
SPACE SHUTTLE. Kit $94.95 a A1 6 RFTIGHT BOX Deepdrawn alum. case 

w~th t~ght coverand noseams. 7 x8 x2 inches. 
Only 518.00. 

More Details? CHECK-OFF Page 132 fl 147 M a y  1983 93 



tebook 

Radiokit 
Box 41 1 
Greenville, New Hampshire 03048 
/Millen capacitors stock No. 19 1001 

Amp Supply 
2071 Midway drive 
Twinsburg, Ohio 44087 
/Capacitors) 

In all instances send SASE for reply. 
Ed Marriner, WGXM 

another antenna tuner 
One type of antenna tuner that has 

not seen much use is one half of the latching relay control 
Johnson Match Box circuit (see f ig. 

The great virtue of a latching relay IA) .  The advantage of this circuit 
fig. 1 ~ .  Millen type 19100was used here is that it draws current only while it is 

LONG WIRE 
OR COAX 
ANTENNA 

m 

DIFFERENTIAL 
CAPACITOR 

PRUNE C O i i S  TO S U l r  OTHER BANDS 

4 0  M E T E R  COIL 15 TURNS # I 4  1 1 / 2  INCH 

DIMMETER 

L lNK 3 TURNS FRDM GROUND 
E N 0  

fig. 1A. Antenna tuner schematic. 

over some of the more popular trans- 
match tuners is that it is a resonant 
circuit that rejects harmonics. It is 
very easy to adjust for either a long 
wire or coax-to-coax feed systems. It 
will not work for open-wire line be- 
cause it is only half of the original cir- 
cuit. 

The reason it has not been used is 
probably the difficulty in obtaining a 
duo-differential capacitor. This ca- 
pacitor has two stator sections and 
one combined rotor section. As the 
rotor increases in one section the 
other decreases. It forms a capaci- 
tance tap for the antenna across the 
coil in place of sliding the antenna tap 
around for a match. A duo-differen- 
tial capacitor can be made by solder- 
ing two capacitors together or by me- 
chanically linking two capacitors. The 
two capacitors are joined by remov- 

because the rounded top of the support 
made it  easier to form and solder. 
Other types might also work. 

ing the shaft of one, cutting across 
the middle of the hole, and enlarging 
the hole to fit on top of the other ca- 
pacitor (see fig. I B ) .  After fitting, 
solder as shown in fig. 1C. 

fig. 1C. Join the two capacitors as indi- 
cated. 

I built my tuner in a box with a five- 
prong ceramic tube socket mounted 
on insulators by punching a hole in 
the top of the box. The coil, manu- 
factured by Bud, was mounted using 
the five-prong socket. The small BDC 
type handles several hundred watts 
and makes a nice small tuner. The 
tuner controls are adjusted for mini- 
mum SWR. 

sources 
Fair Radio Sales Co. 
P.O. Box 1105 
Lima, Ohio 45802 
(Bud coils, capacitors) 

changing states. The latching relay's 
built-in magnet holds the contacts in 
their last position unti l  they are 
changed by a current flow through 
the relay winding. This makes the 
latching relay ideal for use with bat- 
tery-powered or remote equipment. 

When the circuit in f ig. 2 is com- 
pleted through the switch, electrons 
flow through R1 to the negative ter- 
minal of C1, which was in a dis- 
charged state (both plates of the 
same polarity); the capacitor looks 
momentarily like a conductor. Thus 
the voltage appearing at the junction 
of C I I R I  rises to near the supply 
value, and this surge of electrons 
flows to 01's base, causing Q1 to 
conduct and energize the relay, 
changing its state. 

As C1 becomes fully charged, the 
electron flow ceases. Therefore Q1 
no longer conducts. 

The schematic diagram of fig. 3 
uses a similar principle to control a 
latching relay. CR 1's forward resis- 
tance guarantees that Q1 will not be 

10 R E L A )  
WINDING 

fig. 2. Block diagram of a latching-relay 
controller. 
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LSI comes to 
AMATEUR RADIO 
Digital MicrosystemsTM Chips Now Available 

REPEATER CONTROL 
Complete repeater control lncorporat~ng ID tall and tlmeout tlmers. 

audio generator, local coritrol and PL enable Perfect as main con- 
troller or as backup for your present system * Master enable Input for 
non-overr~de local control Sw~tchable PL lnput for access securlty 

ID on start-up can be selected Non volat~le ID memory Selec- 
table tlmeout length Automatically powers up and runs, Ideal for 
remote applications Selectable ID transmlsston rate Adjustable tall 
tlmer length Force IDlnput for manual t r~gger of ID sequence Latched 
COR for 10 holdoff and tlmlng control Two separate Morse outputs 
lor lnterfaclng to aud~o and/or loglc One 1s dlrect aud~o, the other 
can be used as a keylng llne Crystal controlled tlmers Any number 
of selectable messages can be transmitted uslng MCMG chtp Test 
lnput for automat~c transmlsslon of CW test message follow~ng ID 

Digital MicrosystemsTM SCRC Chip $89.95 

ASCII to MORSE 
CODE CONVERTER 

Turns any ASCll terminal or computer lnto a Morse code keyboard 
When used w ~ t h  a computer, reduces system overhead and allows 
system tlme for dlsk access When used w ~ t h  Morse to ASCll c h ~ p ,  
any ASCII termlnal or computer IS transformed Into a Morse code sys- 
tem 1 to 90 words per mlnute transmlsslon rate keyboard selec- 
table 1-30 wpm In 1 wpm Increments. 32-90 wpm ~n 2 wpm Incre- 
ments Master enable output for compat~bl l~ty w ~ t h  Morse to ASCll 
converter c h ~ p  Two separate Morse outputs for easy Interface to 
your transm~tter, one h ~ g h  one low Logically perfect Morse code 
generat~on 110 and 300 baud Automattc llne feed ~nse r t~on  selec- 
table by user Selectable automat~c echo back of ASCll characters 
Internal 32 byte type-ahead buffer Supports Modem control type 
handshaking wlth UARTS Compattble with personal computer RTTY 
software packages PARALLEL ASCll TO MORSE CODE CONVERTER 

Slmllar to SATOM chip but for parallel strobed ASCll keyboards 
16 letter buffer for ID Automattc test and CO message generallon 

Digital MicrosystemsTM SATOM Chip $34.95 
Digital ~ i c r o s y s t e r n s ~ ~  PATOM Chip $24.95 

DTMF DIGITAL CONTROL 
Prov~des digital lnput and output capab~lily under the control of a 

DTMF decoder Perfect for repeater, remote base, and other home- 
brew control appl~catlons - 21 separate 110 ptns whlch can be set 
hlgh or low by a four dig11 custom sequence Each b ~ t  may be checked 
by enterlng a d ~ g ~ t  code The chtp will respond w ~ t h  a Morse code 1 or 
0 depending upon the loglc state Dlrect lnterface wtth the Mostek 
5102 DTMF decoder c h ~ p  Anti-lamm~ng mode automatlcally actl- 
vates to prevent tampering Flve second t~mer  for proper control 
sequencing and grouplng May be purchased ~n two d~fferent ver- 
s~ons - verslon 'A ' '  for 12 d lg~ t  decodlng. "0" for 16 d ~ g ~ t  decod- 
~ n g  Each chlp 1s d~fferent - the codes lor each c h ~ p  are randomly 
selected by computer, but custom codes are avallable at extra cost 

Digital MicrosystemsTM DCC Chip $34.95 

MORSE CODE to 
ASCII CONVERTER 

Advanced adaptwe algor~thm Loriverts most tiand sent and machlne 
sent Morse code to ASCll 110 and 300 baud Automattc llne feed 
~nsertlon selectable by user Automat~c carrtage return lnsertlon 
selectable by user Selectable number of characters per ltne before 
insertion of carnage return or llne feed (11 selected) Master enable 
input for compat~blllty w ~ t h  ASCll to Morse converter c h ~ p  (SATOM) 

Two separate ASCll outputs for easy Interface to AS232 or RS422 
drtvers Des~gned to work w ~ t h  any ASCll compatlble termlnal or 
computer Internal inverter may be selected to Invert lncomlng 
Morse waveform before decodlng 

Digital ~ i c r o s y s t e m s ~ ~  MTOA Chip $39.95 

MORSE CODE MESSAGE 
GENERATOR 

Up to 6 separate user definable messages Completely non-volat~le 
memory Will not forget your messages when power IS shut off 

Supports manual, conttnuous automatlc, and t~med automatlc 
modes User selectable transmlss~on rate lndtvtdual messages, or 
groups of messages may be transm~tted Can be w ~ r e d  as a beacon 
controller, automatlcally repeating any selected messages Can be 
w ~ r e d  as a repeater/remote base ID controller a Automatic repeat of 
any selected message(s) at selectable ~ntervals, b Latched COR In- 
put for t r~gger of ID mode, c I 0  holdoff mode selectable for repeater 
ID mode Two separate Morse outputs avatlable - direct aud~o or 
d ~ g ~ t a l  loglc Two message ~n-progress stgnals ava~lable - one 
high. the other low Crystal controlled 1. 5. 6. 7. 8. 9. and 10 mln- 
ute tlmers, useful for repeater ID mode Perfect companion to your 
RTTY. ATV, or SSTV stat~on 

Digital ~ i c r o s y s t e m s ~ ~  MCMG Chip $49.95 

I I GENERAL SPECIFICATIONS 
All circuitry coritatned on ,I vnqle c h ~ p  Crystal controlled for dccuracy Requ~res 5volts DC TTL/CMOS compatlble 1/0 plns Ch~ps destgned 

with the exper~menterlhomebrew spec~al~st ~n mlnd Manual for each chip avallable for $5 postpa~d Deduct~ble w ~ t h  order 

I I ORDERING INFORMATION 
All p r w s  include stlipping Massachus?tts residents please ndd 

5% sales tax Check or Money Order for payment Prices and speclfl- 
catlons subject to change w~thout notice or obligat~on 

DIGITAL MICROSYSTEMS, Inc. 
607SUDBURY STREET 

MARLBORO, MA 0 1  752 
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All 37 EIA Tones 

Quartz Accurate I 
Less than 1 inch square I 

AVAILABLE FOR IMMEDIATE DELIVERY 
For more information call TOLL-FREE 

(800) 828-6884 
NY: (800) 462-7242 

C A N A D A :  (416) 884-3180 
1319 PINE AVE. FERRITRONICS NIAGARA FALLS NY 14301 

MOBlLf DATA S Y S  TFMS (716) 282-7470 TLX 64-6303 

+he 

ham tebook 

- 
CONTROL C 4 N  BE 4 

- 1 OFCODER OR 4 SWITCH 
I 

+ I 3  6V- O----. 

L -  - J  

C I  CRI 
l0.C IN914  

I 
I 

0 '"1 

I 
I 

02 L - - -  - - - J  

1 for 88 
rn Length only 88 feet. 
rn New Patented Traps. 
rn we~rnerproot. 
rn Traps and Antenna are 

cmtinwus wire. no cow 
nectlons to fail. 

rn Install as an inverted V or 
fiat top dipole. 
Antenna tuning Is accom- 
plished by slldlng a wlre 
through trap and along 
antenna wire. 

rn No wlre Mrnrning or 
soldering . 

rn Built In %wove MtChlnQ 
section, wlth weotherprmt 
center Insulator terminated 

'ING AND wlth an S0239 connectoc. 

, L I N ~   AD^ $3 Antenna completely 
n-=-hled including 25 feet 

uy rope on each end 
:apobillty 1 kw Input 

ALL OUR PRODUCTS h 

l g e R  & WIL 
Cmmunicotlm Rcduc 

. .. ,--. Dlshibutm. write or call 
10 Canal Street. Brtsl 
(215) 766-5584 

fig. 3. Schematic diagram of the latching-relay controller. 

turned on by a voltage of less than 0.6 volt. The con- 
tacts automatically complete the circuit to 02 so that 
the next closing of the switch will cause the relay to 
again change state in the manner described. 

Latching relays in the 12-volt range are hard to 
find, but surplus relays rated from 24 volts to 28 volts 
are common. They will work down to about 11 volts. 
Surplus relays are usually of the "crystal can" size. 
The RCAIGould relay listed has a 12-volt coil and 
four poles, and it is larger than the others. It is a spe- 
cialty item that might be obtainable only through 
RCA suppliers. 

An ideal use for this control is an on-off power 
switch for a battery-operated repeater. A low-current 
receiver with a decoder 1C connected to the control 
line of this circuit will allow the repeater to be turned 
on or off on command. 

Charles G.  Bird, KGHTM 
Chico, California 
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ELECTHDM~CS B r n ~  CLUR 

Hundreds of time- and 
money-saving ideas for 

hobbyists, experimenters 
and technicians! 

Select 5 fact-filled volumes, 
for only $295  (total value up to $98.75) 

f1111111111111111111 

Blue Ridge Summit, PA 17214 I 
I 

Please accept my membership in Electronics Book Club and I I send the 5 volumes circled below. billing me $2.95 plus 
1 shipping and handling charges. If not satisfied, I may return I 
( the books within ten days without obligation and have my I 

membership cancelled. I agree to purchase 4 or more books I at reduced Club prices (plus shipping/handling) during the I 
I next 12 months. and may resign any ti,-"e thereafter. I 

338 973 1108 1120 1128 1160 1183 1199 
1211 1233 1245 1276 1277 1288 1300 

I 
1306 1332 1346 1383 1393 1406 1435 1436 I 

1451 1465 1474 1476 1486 1506 1536 I 
Phone - I 

I 
I 

Zip - 
I 

membnra only. (Orders outside U.S. or Canada must be prepaid in 
lnt~rnational Money Orden in L1.S. dollars. Canada must remit in 1I.S. dollan.) 

I 
Thln ordnr subi~cl  lo acceptance by Electronics Rook Club. HR-583 I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
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products 

Vibroplex electronic keyer 
When you think of speed keys, one of the 

first t h a t  comes to mind is the Vibroplex 
"Bug." Years before the advent of electronic 
keyers, they were the only alternative to  the 
"cootie key" for sending semi-automatic code. 
In those days, you could actually tell who was 
sending well before signing of calls by the 
sender's fist. Dahs were drawn out longer than 
they should. Dits came in  a rapid-fire 
"bruuup." Now, however, with keyboards and 
other forms of electronic keys, everyone 
sounds somewhat the same. 

Vibro~lex has introduced a new Iambic key 
and keyer that will be of great interest. Their 
new Brass Racer, based on the FYO design, is 
attractively built and is rock solid. The Vibro- 
plex treatment of this design does not use 
springs to adjust paddle tension. A clever use 
of magnets controls the paddle tension. 

Another twist is that Vibroplex took the 
Brass Racer base, hollowed out the center and 
inserted an electronic keyer that uses the Curtis 
8044 chip. This makes for a very nice, com- 
pact, self contained keyer (a big plus for field 
day and other portable operations). 

There are no power cords to clutter up the 
operating desk. Power comes from a self-con- 
tained 7.5-volt battery. The EK-1 is limited in 
that it does not have a memory like so many of 
the newer electronic keys. But not everyone 
feels that this is necessary and many will find 
the EK-1 a nice, simple package. 

For more information, contact Vibroplex 
Company, Attention Bruce Palmer. P.O. Box 
7230, Portland, Maine 041 12; Reader Service 
Number 301. 

tri-band vertical 
Hustler, Incorporated, has announced a 

three-band vertical antenna for 10, 15, and 20 
meter operation. A unique two-in-one trap de- 
sign allows excellent bandwidth while main- 
taining an overall height of only twelve feet. 

The antenna, 3-BTV, is designed for perma- 
nent ground mounting or for portable use on 
travel trailers, condo balcony railings, or any- 
where exhibiting a sufficient groundplane. 

The antenna is made of high quality alumi- 
num with stainless steel hardware, supplied 

most efficient technique for multibanding a 
Yagi antenna. Factory assembled and pre- tun- 
ed traps are mechanically superior, and provide 
reliable all-weather performance. With four ac- 
tive elements on each band, the average for- 
ward gain is an impressive 8.5 dB, and average 
front-to- back ratio is 20 dB. 

The antenna assembles on a 19 foot (5.8 
meter) boom. With a maximum element length 
of 31.5 feet (9.6 meters), the tuning radius is 
only 18.4 feet (5.6 meters). The assembled an- 
tenna weighs 59 pounds (26.8 kg). 

with a heavy duty bracket for pipe or bulkhead 
mounting 

/ 
I 

For additional information, contact Hustler, 
Incorporated. 3275 North B Avenue, Kissim- 

I 

mee, Florida 32741. Reader Service Number A' I~ . - 
> /---' 

302 /' - __.- 
/' -.- - l$ -,- / 

, /; * 
2 . - 11 

photovoltaic panel kit ' i. 
Encon announces solar panel kits for the 

Amateur that enable you to build your own 
solar electric panel for less than S6.00Iwatt. The antenna includes stainless steel hard- 

ware. the BN86 balun and a so~histicated 

Molded high-strength plastic base has forty 4- 
inch recesses and thirty-six 4-inch diameter 
cells. One panel should produce approximately 
17-volts, between 1.2 and 2 amps. Cover glass, 
silicone potting, wire, and solder, not included. 

These kits are ideal for demonstrators and 
schools seminars. Good working panels have 
been constructed in less than two hours each. 
Instructions are included; it is recommended 
that you have basic soldering skills. 

For more information, contact Encon Corpo- 
ration, 27584 Schoolcraft Road, Livonia. Mich- 
igan 48150; Reader Service Number 303. 

THSMk2 tribander 
The TH5Mk2 is a five-element broadband tri- 

bander for 20, 15, and 10 meters. The TH5Mk2 
will load tube-type or solid state auto-tuned 
rigs from band edge to band edge on 20 and 15 
meters. On 10 meters there is a choice of 28.0 
to 29.4 or 28.3 to 29.7 MHz, all below 2: l  
VSWR. The Hy-Q traps for each band are the 

matching dual-driven element feed system as 
also used in the larger TH7DX. The antenna 
provides dc grounding for lightning protection. 
The suggested price is $459.95. For more infor- 
mation, contact Hy-Gain, 9600 Aldrich Ave- 
nue. South, Minneapolis, Minnesota 55420. 

BNC adapters 
Centurion International. Inc., has introduced 

a new line of BNC adapiers designed for anten- 
na connection to two-way portable radios that 
require threaded connectors. 

The adapters are available in nine different 
styles and feature a grounding strap for use 
wi th  portable gain antennas that require 
ground potential. The adapters may also be 
used with mobile antennas, mobile amplifier 
chargers, and a variety of other applications. 

For more information, contact Centurion In- 
ternational, Box 82846. Lincoln, Nebraska 
68501. Reader Service Number 304. 
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receive-only RlTYICW 
terminal 

HAL Communications Corp. announces the 
new CWq6750 receive-only RTTYICW termi- 
nal. The CWR6750 is the ideal companion to a 
shortwave receiver for printing Amateur and 
commercial Morse code and RTTY transmis- 
sions. Its small size, the built-in green video 
monitor screen and its 12-volt operation make 
the CWR6750 truly portable. The CWR6750 
will receive all standard radioteleprinter speeds 
from 60 words per minute (45 baud) to 300 
wpm (300 baud). Both the standard press 
"Baudot" RTTY code and the computer ASCII 
RTTY code can be received. 

MULTIBEAMS have a quad configuration of directors on a single boom, together 
with a slot dipole and slot reflector. This unique design delivers exceptionally 
high gain across the entire 430-450 MHz band with very low w. 

Stations using Morse code can be received 
at speeds from 4 to 50 wpm. A computer-style 
ASCII printer may be connected to the 
CWR6750 to provide a full printed copy of all 
received text. 

The CWR6750 measures only 10 % x 6% x 

11 inches, and weighs only 9 pounds. It oper- 
ates from any 11 to 14.5 Vdc source, drawing 
1.6 amperes. The CWR6750 is easily installed 
in a camper, boat, or home station. 

430-450 
16.3 
PPde 
EPB' 
HP3" 
13' 
1 b5" 
6.56' 

BOOMLWCTH 
Lawn ELEMENT 
TURNING RADIUS 

~AF'f'RoX) 
DESIGN IMPEDANCE 
PoWER RATING (W 
WINDLOADING AT 

80MW 
WEIGHT 

50 Ohm 
1 kw P.EP 
47.9 Wt 

For more information, contact Hal Commu- 
nications Corp., Box 365, Urbana. Illinois 
61801 : Reader Service Number 305. 

JASCO 
INTERNATIONAL I N C  Contwt one of the ~uthorized 
P.O. Box 2',I(LI 

dealm listed below. 
L~ncoln, Nchraska a529 Q.I.S.M.O. COMM. INC. C O W .  CENTER ALI'S ELECTRONICS 

1-800-845-61 83 1-800-PP8~4097 (305) 997-5394 

Rock HIII, SC Uncoln, NE Bocs Raton, FL 

Boomer antenna 
The 4248 is the newest Cushcraft Boomer 

antenna. It is a twenty-four element, 70 cm 
Yagi, exhibiting 18.2 dB forward gain. A 4248 

!~rdke ' 0 22 Id layt~ l l t .  H A  146 
f Llrdhr ' l 4  Ilrec only M~rllarlr l 13 505 

[ ~ t d h c  rn 77 Mldlantl 13 5 ~ )  

( IF YOUR RADIO IS A NEW MODEL - PLEASE INOLJIRE FOF I PRICING AND DELIVERY 

I ANY TWO METER FREQUENCY OR RADIO CRYSTALS ARE $3.65 En 
NOT LISTED CAN BE SPECIAL ORDERED IF RADlO AND FREQUENCY 

FOR $5.00 IS LISTED IN AD 

I WE ALSO SUPPLY MICRO-PROCESSOR CRYSTALS 
PHONE ORDERS ACCEPTED 

(617) 294- 1553 
CRYSTAL co. " 'I6 MON. - FRI 9:oo A M. - 5:oo P M A To Z p.0. BOX 454" @@ We can shp  C 0 D I r s ~  class mall Ovden can Lx pad by - check, money order. Master Charge or Visa Orders prepand 

PFMRRnK F MA. 02359 a are shlpped poslage patd Crystalsareguaranleed lor Itfe 
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mateur Radio Today I A Mini-Magazine offering timely 
material on a professional basis for all: 
active Radio Amateurs. A.R.T. is six 
hll-size pages, produced bi-weekly on 
high quality stock using magazine pro- 
duction techniques. Money back guar- 
antee for your S26/yr. subscription or a 
quarterly trial (six issues) for 55. Check 
what we've covered recently: 
r, 10.1 MHz opens for Amateurs r, How low 
should your transmitted wave angle be? r, 

1 C Q W  phone and cw contests r, Sweepstakes 
r, Cordless telephones r, FCC ideas on 1500 
watts output rc Manufacturer responses to 10.1 
MHz equip. mods. r, Six-meter openings r, 
How to calculate your system noise figure rc 
Worldwide network of 20-meter beacons rc 900 
MHz ssb I /  160-meter DXing ~c Big antennas at 
KZGL r, Antenna heading calculations r, 

)Review of Yaesu FT-102. ICOM-740, and others 
1 Y How Packet Radio works r, Meteor scatter 
r, The Satellite Program r, Interview with 
Madison Electronics r, and much, much more! 

Amateur Radio Today r/ 106 
Post Office Box 6243H, Wolcott, CT 06716 

I NEW NEW NEW I 
I COMPUTER SAVER I 

Do you ti,lve 6 or more llilerface ~ ~ i l c j h  YOU 
use occas~onally but hale to keep tearlng In- 
to your cornpuler lo get at Ihern and rlsk 
darnaglng them7 
Then Sw~tch-A-Slot IS for you1 
Switch-A-Slot lets you select up lo 4 cards 
for each porl Select the card to run wllh 
the turn ol a sw~tch NO new prograrnmlng 
tr~cks to learn 

Switch-A-Slot 
SAVES wear and I ra r  on cards and computer 
SAVES power (only Ihe card that s on draws 

power) 
PROTECTS cards tram be~nq damaged by slat lc 

Plertrlclty and scratches 
Sw~ lch  A Slol works wtlh most cards 

lhqht Den prtnlms 
modom\ LloLr ~ d l d s  1.1~ 

Models ava~lable lor 
Apple I1 Apple Ile Frankltn 

INTRODUCTORY PRICE $155 
(~ncludes shipplngl 

Please send orders wlth payment to: 

BIT 'fO" BYTE 
PO Box 60972. Sunnyvale, CA 9 4 0 8 5  120 

NEW - 

PROGRAM MANUAL 
B ~ S ' ~  FOR AMATEURS 
Programs Design: Antennas. Op-amps. Smith- 
charts. R.F. Co~ls. Pads. Flllers. Stripllnes. 
Microwave and more. 

All FOR $9.95 IINCLUDES SHIPPING 
AND HANDLING) 

YAESU FT-207R OWNERS 
AUTOMATIC 

SCAN MODULE 
15mlnutes to install; scan re- 
starts when carrier drops off; 
usy switch controls auto- 
atlc scan on-off; Includes 

and instructions. 
Sol $25.00 

A l l E R Y  SAVER KIT 
ode1 BS-1 $14.95 

I 
No n c r e  ded<batlerles due l o  memory backup 
30% less power draln when squelched 
S~mple to ~nstall, step.by-step tnstructlonsand 
parts Included 
4 mA memory backup reduced lo XQ #I 
45 mA receiver draln reduced to 30 mA 
ImDroved audio fidelity and loudness r/ 135 

products 

won the 70 cm antenna gain measuring contest 
at the 1982 Central States VHF Conference. 
The antenna's features include insulated ele- 
ments, stainless steel hardware, N-type con- 
nector, T- match feed and trigon reflector. 

For more Boomer information, contact 
Cushcraft Corporation, P.O. Box 4680, Man- 
chester, New Hampshire 03108; Reader Serv- 
ice Number 306. 

wideband antenna 
preamplifier 

The PRE-1 Signal Amp masthead preampli- 
fier is designed to provide high gain, low-noise 
amplification for received VHF and UHF sig- 
nals. The PRE-1 has a midband gain of at least 
15 dB with a noise figure of only 1.8 dB. The 
Signal Amp consists of a lightweight antenna- 
mounted preamplifier module and an indoor 
control unit. Switch-selectable high and low 
gain allows the user to customize his signal en- 
hancing needs. 

Guaranteed to outperform competitive in- 
door preamplifiers, the PRE-1 Signal Amp 
comes with all necessary hardware, connec- 
tors, and instruction. PRE-1 costs only $69.00 
plus $2.00 UPS shipping, from Grove Enter- 
prises, 140 Dog Branch Road, Brasstown, 
North Carolina 28902; Reader Service Num- 
ber 307. 

heavy-duty SRL-307 UHF 
Yagi antenna 

Sinclair Radio Laboratories' rugged seven- 
element 10 dBd gain antenna will shrug off 113 
mph (181 kmfh)  winds while carrying a 112- 
inch radial ice load, or 187 mph 1301 kmlh)  
winds without ice. This unit is useful for point- 
to-point links or for repeater applications in 

highway mobile radio systems. Reflector and 
director elements are 318-inch diameter alumi- 
num rods welded to the boom, reducing the 
risk of damage and misalignment. The antenna 
clamp allows easy orlentation for either vertical 
or horizontal polarization. A higher gain can be 
achieved by using dual (SRL-307-2) or quad 
(SRL-307-4) arrays with gains of 12.5 dBd and 
15 dBd respectively. 

For further information, contact Mr. Dan. 
Roszelle, Sales Manager. Sinclair Radio Labo- 
ratories Inc., 14614 Grover Street, Suite 210, 
Omaha, Nebraska 68144; Reader Service Num- 
ber 308. 

circular satellite technology 
The new KLM 143-150-14C circularly polar- 

ized antenna not only provides optimum recep- 
tion of OSCAR satellite signals but can also 
dramatically improve 2-meter terrestrial com- 
munications. Linearly polarized signals (any 
mode, fixed or mobile) are frequently affected 
by buildings, mountains, and movement and, 
as a result, circular wavefronts develop. Re- 
ception with the 14C reduces flutter, fading, 
and multipath distortion, and often improves 



SIN  ratios. Benefits of circular polarity on 
transmit are similar, regardless of the polariza- 
tion of the receiving antenna. 

Since circularity may have a right-hand or 
left-hand twist, the 14C antenna kit includes a 
feedpoint' mounted switcher, keyed by + 9 to  
+ 15 Vdc. For a single-feedline convenience, a 
special matching harness is included. If de- 
sired, the 14C can also function as two sepa- 
rately fed antennas, one vertical and one hori- 
zontal. Each set of feedpoints is equipped with 
a 2-kW balun ready for direct coax feed. 

With seven elements in each plane, the 14C 
produces 11-dB gain at better than 1.5:l 
VSWR. Circularity is maintained within 3 dB. 
Virtually unbreakable 3/16 inch rod parasitic 
elements, anchored through the 1-112 inch 
boom, help reduce weight to 7-112 pounds, 
and windload to  1.2 square feet. 

For more information, contact KLM Elec- 
tronics, Inc., P.O. Box 816, Morgan Hill, Cali- 
fornia 95037; Reader Service Number 309. 

R-2000 communications 
receiver 

Trio-Kenwood has just introduced the 
R-2000, a highly sophisticated, all-mode com- 
munications receiver that covers 150 kHz-30 
MHz in thirty bands. Designed to  answer the 
needs of the short-wave listener as well as the 
Radio Amateur, this new radio is capable of re- 
ceiving signals on a-m, USB, LSB, CW, and 

fm. Among the more interesting features to be 
found on this model are digital VFOs, ten mem 
ories that store frequency, band, and mode 
data, memory scan, programmable band scan, 
and dual 24-hour quartz clocks with a timer 
that can be programmed to  turn the radio on 
and off on a pre-selected schedule. 

Additional features include a built-in lithium 
battery memory back-up (estimated 5-year 
life), fluorescent tube digital display, three 
built-in i-f filters with switch, manual UP1 
DOWN band scan, squelch, S-meter, noise 
blanker, and rf step attenuator. The R-2000 
operates on 10011201220/240 Vac or it may be 
operated on 13.8 Vdc using an optional DCK-1 
cable kit. Suggested retail price is $599.95. 

For additional information, write Trio-Ken- 
wood Communications, 11 11 West Walnut 
Street, Compton, California 90220. Reader 
Service Number 310. 

sh ipp ing & hand l ing  

Speedcall's new DTMF u 
commercial-grade kit lets you take control ! 

Now it's possible for individuals and repeater groups to have a personal (or emer- 
gency) commercial-quality DTMF system, at very low cost. Speedcall's new 312K 
decoder k i t  easily assembles into a compact, high-performance unit. Features 
include a virtually unfalsable "Wrong Digit Lockout" circuit which permits only 
correct signals t o  be accepted as valid. And the 31 2 K  decodes all sixteen digits, 
permitting expanded flexibility and special control applications. 

Commercial versions o f  the 31 2 K  are used to perform selective calling o f  mobile fleet 
operations, on-off control of remote facilities (such as power, valves, pumps, etc.), 
and to  receive the status o f  single functions (repeater site failure or intrusion, equip- 
ment vandalism, power failure, valve or compressor function change, etc.) Speedcall 
Corporation manufactures a complete line o f  DTMF signaling and control systems. 
For more information write or call Speedcall at 4151783-561 1. 

Reset Push Button 
and Buzzer ... $104 .  

Qg@y_t: Slngle open collector output. 200mA. 
fnpuL5iignal_Range: 20mV to 6 V  (f lat Input). 
Code-Capac~ty: 3 to  8 dlglt address ~ l u s  select 
any of the 16 touch-tone dlglts as deslred. 
Battery Voltage: 13.8VDC Nom,(9 to I6VDC) 
( 3OmA nomlnal on standby. 
Assembled. Dim: 3/4"H x 2-1/8" W x 3-3/4" L 
W7th.Enclosure: 1" H x 2-1/2" W x 4-5/8" L 

To order. send check or monev order to: 
D E P A R T M E N T . ~ K "  
SPEEDCALL 
CORPORATION 

7,i:r, hi I t , r i r r , t l  Av,,n~gr, -Havr*nrd I .+l~lorrrc.* 94145 
415 783 561 I 

(California Residents add 6% Sales Tax) 

FREE! FREE! FREE! FREE! FREE! -- -- 
w 

COMPLETE wnh 90 R G ~ ~ ~ - ~ ~  ohm feedhe. a PL259 connector. Inrul.tar.. Jo ,, 300 )b d.cron end 

OF s ~ ~ p ~ U S  Y 
suDD*ts. cmter connec1- wnh ~ U I R  II I I Q ~ ~ ~ I ~ .  

~ l ~ d ~ ~ ~ ~ ~ $ o ~ R ~ ~ ~ ~ ~ ~ ~ $ ~ ~ ~ ~ ~ ~ { ~  
EVER NEED FOR ALL BANDS1 NO B A ~ ~ ~ ~  NEEDEDl 

W 

W 
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PRETUNED- ASSEMBLED 
ONLY ONE NEAT SMALL 
ANTENNA FOR ALL B A -  
NDS! EXCELLENT FOR 
APARTMENTS! IM- 
PROVED DESIGN I 

FOR ALL MAKES A M -  
ATEUR TRANSCEIVERS1 
GUARANTEED FOR ZOO0 
W A T T S  558 INPUT FOR 
NOVICE AND ALL CLASS 
AMATEURS' 

I 80-40-20-15-10 - - 2 @--to4 fl. -Modal 9988UC. 589.95 
40.20-15-10 -- 2 Vm -- 54 11. -Mode l  1001BUC.. $8895 
20-15-10mctar- 2 Iran- 2611. - Model 1007BUC. .St3795 I 
SEND FULL PRICE FOR POSTPAID INSURED. DEL. IN USA. 
(Canada Is 15.00 e x t r a  I* portage - cleracal- curtoms c t c )  or 
order ushp VISA - MASTER CARD - AMER EXPRESS. 
Glrc number end ex. date Ph 1-308-236-5333 9 A M  - 6PM 
week days. We s h b  h 2-3days.  ALL PRICES M A Y  INCREASE 
SAVE - ORDER NOW' All antennas ovaranteed lor  1 re*. 

(10 dey money back tr-I H rstutncd on new condnanl 
U S A  FREE INFO AVAILABLE ONLY FROM 

WESTERN ELECTRONICS ( D s ~ l .  AA- 5 ,117 Kearncy. Neb..sh*. 68847 I 
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KENWOOD 

I TS430S 
New Gen. Cov. 

Solid State Transceiver 

I R2000 
New Gen. Cov. 

Rcvr. Wlmemories 

P).lt Route 198 
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MD. : 301-792-0600 
OPEN MON. THROUGH SAT. 

use single-contact tactile keyboards for extra 
reliability. 

products 

vertical mobile antennas 
dB-Gain Antennas announces its new line of 

antenna products with the introduction of its 
dB-Gain vertical mobile antenna. 

The antennas are available for 450 MHz. 220 
MHz, 2, 6, 10, 15, 20, and 40 meters with a 
power rating of 250 watts. Although these an- 
tennas were designed primarily for mobile use, 
they can be used for a fixed station. 

Antenna whips and set screws are made of 
17-7 stainless steel for longer life and extra pro- 
tection. Heavy-gauge fiberglass coil housings 
(0.031 walllspiral finish) add extra strength and 
durability in extreme weather conditions. Each 
coil is wound with No. 16 copper and remain- 
ing hardware is chrome-plated brass. A stan- 
dard mounting ferrule is compatible with most 
mobile mounts. 

For more information, contact Tom Adams, 
W4MTW. dB-Gain Antennas, 2308 NE 20th 
Avenue. Ft. Lauderdale, Florida 33305; Reader 
Service Number 31 1. 

smallest manual encoder 
The Model 340 Thin-Coder, by CES, meas- 

ures 2-1 I 2  x 3-118 x 314 inches. It effectively 
dials the user into private networks, computer 
access, or dimension systems. Its rugged white 
case features a brown faceplate and white digit 
blocks. A convenient normallhigh switch al- 
lows flexible volume control. Up to 10,000 long 
distance calls are possible wi th the Thin- 
Coder's long-life 9-volt battery. CES encoders 

For more information on the Thin-Coder 
Model 340 Encoder, contact Ron Hankins, 
CES, Inc., P.O. Box 507, Winter Park, Florida 
32790; Reader Service Number 312. 

160-10 m transceiver 
The FT-980 is a full-featured 160-10 meter 

transceiver which includes a general-coverage 
receiver section. Providing a nominal 100-watts 
rf output from a low-distortion, high-voltage 
final amplifier, the FT-980 is set up for full QSK 
with silent solid-state switching. The receiver 
section is designed for wide dynamic range and 
versatility in filter selection. An audio peak fil- 
ter, i-f notch filter, variable pulse width noise 
blanker, variable i-f bandwidth with i-f shift 
(passband tuning), and an audio shaping con- 
trol round out the receiver features. 

The FT-980 is controlled by an 8-bit micro- 
processor, which allows storage of frequency 
and mode in memory, and programming sub- 

band limits for Novice. Technician, General, or 
Advanced Class operators. Direct keyboard en- 
try of frequencies provides instant QSY with- 
out the need to rotate the main tuning dial. 

For more information, contact Yaesu Elec- 
tronics Corp.. P.O. Box 49, Paramount. Cali- 
fornia 90723. Reader Service Number 313. 

indoor antenna 
Contemporary Electronic Products an- 

nounces the new NXL-1000 indoor shortwave 
antenna. Unlike other active indoor antennas. 
the NXL-1000 employs a Faraday shield for 
maximum rejection of manmade noise, so 
often a problem. In addition, the NXL-1000 has 
a built-in crystal calibrator with selectable 1- 
MHz and 100-kHz markers. This is a great help 
with uncalibrated or poorly calibrated re- 
ceivers. 

The NXL-1000 covers the range 1.5 through 
30 MHz in three ranges. A high-Q selective cir- 
cuit provides excellent rejection of unwanted 
frequencies, valuable for receivers with poor 
front-end selectivity or marginal Image rejec- 
tion. Internally generated noise, a problem with 
some active antennas, has been substantially 
reduced in the NXL-1000. 
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f ~ i ~ h t  Poor Conditions with. . .The DX EDGE 
:? .. - .  

I ' 

. , . - 
_ I -  . . . .  - .... . . . -  . . 

The DX operating aid used around the world. Increase your country totals 
on all bands by knowing: Where and when to look for long haul QSOs on the long 
path and Gray Line; When the sun rises and sets at any QTH in the world at any time of 
year. See it all: no tables to use or calculations to make. Slide rule format. 

Lage slm: map, wllh zones and prefixes. 12" x 4 % " ;  12 sl~des, one for each month. 6'h" x 4%': All plastic. 

Price: Sl4.95 ppd. in U.S., Canada, Mexico; $16.00 in N.Y.; $18.95 in all other countries, 
air mail. U.S. funds only. Please make check or m.0. payable to ~ h .  DX EWE and mat1 to: r /  209' 
The DX EDGE, P.O. Box 834, Madison Square Stn., N e w M ,  N.Y. 10159 

An ~nlorrnat~on flyer IS available free of charge. A product of  Xanlek. Inc. ' Xantek, Inc. 1992 
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The CCKE;! takes advantage of the 1.3-inch 
(33.4-mm) difference between two single-size 

7 Eurocards and one double-size card. A simple - --- - - fixture places groups of single boards one on 
top of another, adjacent to double boards. Ap- 

the antenna is made from heavy-duty expand- 
ed aluminum screen or optional solid aluminum 
panels. 

Named "Next Generation," this model is 
constructed with aircraft-style riveted alumi- 
num framework and a single steel support for 
strength and light weight. It comes with a fully 
illustrated, step-by-step installation manual. 
Compatible with all popular brands of support- 
ing electronics, the antenna is also available in 
colors to match the predominant local back- 
ground. 

For more information, contact Total Televi- 
sion, 17537 N. Umpqua Highway, Roseburg, 
Oregon 97470. Reader Service Number 315. 

Eurocard racks 
Designed specially for the growing interest in 

Eurocard-based systems, a new high-capacity 
rack allows placement of both single- and dou- 
ble-size VME-bus compatible boards in the 
same enclosure. The Model CCKE2, from Vec- 
tor Electronic Company, also has abundant 
space in the rear for mounting large power sup- 
plies. 

The VME bus was developed by Motorola, 
Mostek, Signetics, and its parent, N.V. Philips, 
to provide a combined sixteen-bit and thirty- 
two-bit standard. It employs the Eurocard for- 
mat of 6.30 inches by 3.94 inches (160 mm by 
100 mm) for the single card and 6.30 inches by 
9.19 inches (160 mm by 233.4 mm) for the dou- 
ble card. Bus interconnections are made with 
one ninety-six-position connector on the single 
card and two connectors on the double card. 

tors. 
The 19-inch (482.6-mml EIA Std. cage holds 

up to twenty-seven double-size Eurocards or 
up to fifty-four single-size cards on 0.6-inch 
(15.24-mm) centers. Alternatively, the CCKE2 
may be configured as a combination of Euro- 
card sizes; twenty-six single and thirteen dou- 
ble, for example. 

Card-guide and connector-mounting holes 
are spaced on 0.20-inch (5.08-mm) centers, so 
cards with varying component and lead heights 
may be installed in any position. Snap-in card 
guides are made of Underwriter-Laboratories- 
rated flame retardant grey nylon. Connectors 
are mounted on the pre-drilled struts with 3-48 
machine screws and nuts. 

At the rear of the rack, a space 10.5 inches 
by 16.8 inches by 5.5 inches (259.1 mm by 
426.7 rnm by 140 mm) is available for power 
supplies with 1-inch (25.4-mml clearance for 
backplane wiring. 

In single quantities, the fully assembled 
CCKE2 is priced at $68.18 each. An unassem- 
bled version, CCKEPU, is priced at $56.82 
each. For more information, contact Vector 
Electronic Company, 12460 Gladstone Avenue, 
Sylmar, California 91342. Reader Service Num- 
ber 316. 

RlTYICW computer 
interface 

The new MFJ-1220 RTTYlCW computer in- 
terface is a terminal unit that provides TTLI 
CMOS and RS-232 levels for computer inter- 

iwnsal Eurocard Racks scmmmooste 
th ringla and double size VME hoards. 
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facing. Unlike phase-lock loop demodulators, ---- -- 
this is an optimum design using individually y- --a 

tuned active bandpass filters. It has separate 

mark and space channel filters, CW filter, and 
post detection lowpass filter for excellent 
weak-signal and high-interface RTTYICW per- 
formance. 

The MFJ-1220 takes received RTTYICW 
audio from your transceiver, demodulates it, 
and provides TTLICMOS and RS-232 levels for 
interfacing with nearly any computer. A pro- 
gram (net included) is used to provide RTTYI 
CW text. 

For RTTY transmission, your computer 
drives the AFSK generator to provide FSK 
transmission using the microphone or phone 
patch input of your SSB transmitter, or it can 
directly key the FSK input of your transmitter. 
For CW transmission, your computer drives 
the high-voltage keying currents of the 
MFJ-1220, which then provides grid block or 
direct keying for your transmitter. 

The RTTYICW interface transmits and re- 
ceives all standard RTTY shifts of 170,425, and 
850 Hz to cover all Amateur, commercial, and 
military traffic to over 100 WPM. It uses the 
standard space tone of 2125 Hz and marks 
tones of 2295,2250. and 2975 Hz. 

The MFJ-1220 RTTY/CW Computer Inter- 
face is available from MFJ Enterprises, Inc., for 
$179.95 plus $4.00 for shipping and handling. 
For more information, contact MFJ Enter- 
prises, Inc.. P.O. Box 494, Mississippi State, 
Mississippi 39762. Reader Service Number 317. 

receiving converter kits 
Lunar Electronics announces a new line of 

high-performance receiving converter kits. The 
initial line-up of available kits includes crystal 
controlled models for VHF frequencies and 
ultra-stable tunable oscillator models for UHF. 
The crystal-controlled UHF models are due out 
in the spring of 1983. 

Easy-to-read illustrated instructions with 
each kit ensure the builder will achieve maxi- 
mum performance from his unit. Complete fac- 
tory back-up assistance, if needed, is also 
available. Typical specs for complete unit: in- 
put frequency 144 MHz; crystal frequency 144 
MH?; image rejection - 65 dB; noise figure 
(tune max. gain 18 dB); LO specs + 7-10 dBm 
output; output frequency 28 MHz; conversion 
gain 15 dB; noise figure (tune min. NF 1.75 dB) 
2.4 dB; and harmonics - 50 dBc. 

The highest quality components are used 
throughout, including double-sided, plated- 
through-hole PCB, gold alodined box for great- 
est circuit integrity, provisions for crystal net- 
ting. DBM for best performance. 

i I Because we build'em better 
to last longer! 

"Craftsmanship" is not just 
another buzz word at 
d-in. It's the REASON 
we're in business. 

At d W n ,  we pride our- 
selves on producing the finest 
quality commercial grade 
antennas for use by Amateurs, 
Business and Government. 

Let's face it! Most Ham 
operators haw thousands of 
dollars invested in their equip 
mnt. The true test-signal 
performance-can wlly be as 

nothing but quality components 0 

throughout. This attention to detail 
benefits you by providing better per- 
formance and a more durable \ anten,. 

In addin, dBGain antennas are , 
backed by a warranty that builds 
confidence. You can take our word , 
for it because our name's on it. 

That's why dBGain antennas are ! , built better to last longer. F a  I 

information call (305) W2XX) a 1 
write today. Dealer inquiries 
welcome! 1 

good as the antenna. That's \ dB-Gain why dBGain doesn't cut corners I 
at the expense of qual i  

In fact, mrnercial grade Is the 'built tm?tter to last longer.' t , 
ONLY grade at dBGain. Serious Marketim Deportment 
Amateurs demand it. 3500 NW 114th Street 

For example, check out the Miami, FL 33167 USA I 

mobile antenna displayed in this Telephone: (305) ~ 2 X X )  
Telex: 51-2478 (WU.I,) 

ad. (Available in 450 MHz, 220 
MHz and 2,6,10.15,20 and 
40 meters). From the rugged 
stainless steel whip to the 
heavy gauge fiberglass 
coil housing-youll find 

Communications Design, Inc. 
1504 E. Thomoson St. - Wmst Memph18, AR 72301 

601 735 4566 

MORSE ONE KEYER 
lamb~c Operat~on for Squeeze Keys 
Self Complet~ng Dots & Dashes 
Adjustable Volume & S~de Tone 
All CMOS Design 
Relay Key~ng - Fast Acting Reed 

Keys Any Rig 
Sturdy Black Anodized Aluminum Cab~net 
Self Contained Power Supply (9 v Battery) 

Call Or Write For Free Catalog Of Other CDI Products 

r /  126 
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When it comes to 

US or Foreign Listings 

Here they are! The latest edltlons of the 
world-famous Radlo Amateur Callbook 
are available now. The U.S. editlon 
features over 400,000 Ilstings, wlth over 
75.000 changes from last year. The 
Forelgn edition has over 370.000 listings, 
over 50.000 changes. Each book Ilsts Calls 
and the address lnformatlon you need to  
send QSL's. Speclal features Include call 
changes, census of amateur Ilcenses. 
world-wlde QSL bureaus, preflxes of the 
world, Internatlonal postal rates, and 
much more. Place you order for the new 
1983 Radio Amateur Callbooks, avallable 

E a c h  S h i p p i n g  Total 

: USCallowk ' $19.95 $3.05 $23.00 

$18.95 $3.05 $22.00 

Order both books at the same tlme for 
$41.95 lncludlng shlpping. 
Order from your dealer or dlrectly from 
the publisher. Al l  direct orders add shlpplng 
charge. Foreign resldents add $4.55 for 
shipping. lllinols residents add 5%sales tax. 

Pegasus on blue fleld, red letterlng. 3"wlde 
x 3" hlgh. Great on Jackets and caps. 

RADIO AMATEUR 

J 181 
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products 

For more information, contact Lunar Elec- 
tronics, 2775 Kurtz Street, Suite 11, San 
Diego, California 92110; Reader Service Num- 
ber 318. 

Encomm, Inc., announces two antenna 
tuners from Tokyo Hy-Power Labs, the 2000 
watt HC-2000 and the 200 watt HC-200. The 
HC-2000 is a 2000 watt PEP 1500 watts max on 
1.9 MHz) hf antenna cou~ le r  with a ~ o w e r l  

t+ R n 2 ROUTE 21 HILLSDALE. NY 1 2 5 2 9  h SWR meter and a versati l i twelve-~osiion an- 
tenna switch (six through the tuner and six by- 
pass). It will tune coaxial fed antennas, bal- 

n/ ANTENNA'S 
1.9 to 2.5 GHz Frequency Range 

50 db System Gain 
-- 

C o m p l e t e  System (Rod Style as 
p ~ c t u r e d ,  25 db G a i n )  

. . . . . . . . . . . . . . . . . . . .  PS-3 $69.95 
Complete System ( D ~ s h  Style a s  
p ~ c t u r e d ,  50 db G a i n )  

. . . . . . . . . . . . . . . . . . .  PS-5 $409.95 

60 Coax Cable 

lnstruct~ons 
90 Day Warranty 

out of State call 1-800-323-1327 
I" State C ~ I I  312-564-0104 

anced line antennas (balun included), or end 
fed wires. It is band switched for 1.9, 3.5, 7, 
10, 14, 18, 21, 24.5 and 28 MHz (all WARC) 
bands. so you don't have to  experiment to find 
your inductor setting, plus it has 6: l  vernier 
dials on the capacitors for easy fine tuning. 
Scales on the dual meters include SWR, 2 kW, 
MOW, and 20W. Connectors are SO-239s and 
Johnson terminals. sCuggested retail for the 
HC-2000 is $329.95. 

The HC-200 is a combined 200-watt hf an- 
tenna coupler with a power1SWR meter and a 
six-position antenna switch (three coaxiallwire 
positions through the tuner and three bypass). 
It will tune end-fed wires, coax, or balanced 
line antennas (wi th optional balun).  The 
HC-200 is band switched for 3.5, 7. 10, 14. 18, 
21, 24.5, and 28 MHz (includes new WARC) 
bands. Scales on the meter include SWR, 
20W. and 200W. Connectors are SO-239s and 
Johnson terminals. Suggested retail for the 
HC-200 is $99.95. 



Both antenna tuners have high-quality ce- 
ramic coil forms, well damped and shielded 
meter circuits, as well as first-class design and 
layout. There are no ferrite cores in the main in- 
ductor to saturate! 

For more information, contact THL Sales 
Department, Encomm, Inc., 2000 Ave. G, 
Suite 800, Plano, Texas 75074. Reader Service 
Number 319. 

80-MHz multifunction 
counter 

A new 80-MHz, eight-digit multifunction 
counter that provides frequency, period, and 
totalizeqmeasurements has been introduced by 
the BbK  Precision Test lnstrument Product 
Group of Dynascan Corporation. Designated 
Model 1805, this lightweight unit measures fre- 
quencies from 5 Hz to 80 MHz. Resolution may 
be selected from 0.1 Hz for frequencies below 
10 MHz to 1 Hz for frequencies above 10 MHz. 
The period mode can be used to measure low 
frequencies from 5 Hz to 2 MHz more accurate- 
ly. The totalize mode counts individual events 
from 0 to 99,999,999 with an overflow LED. 
This model is helpful in applications where a 
specific number of cycles occurs, such as 
gated tone bursts. 

The BbK-Precision Model 1805 utilizes a 10- 
MHz time base generated by a crystal con- 
trolled oscillator for good stability with regard 
to temperature (<0.001 percent f 10 ppm at 0 
degrees C - 50 degrees) and line voltage varia- 
tions I <: f 1 ppm with t 10 percent line volt- 
age regulation). For lessened susceptibility to  
noise and undesirable high-frequency compo- 
nents, a front-panel-switchable 100-kHz low- 
pass filter is incorporated in the counter. All 
operating modes, resolution ranges, and func- 
tions are front-panel selectable. The Model 
1805 incorporates a switchable XI0  attenuator, 
HOLD switch to freeze the display at the pres- 
ent reading, and a RESET switch to clear the 
display and initiate a new measurement. 

The Model 1805 is available from BbK-Preci- 
sion Electronic distributors. Suggested price is 
$290.00. For further information. contact BbK-  
Precision Test Instrument Product Group. 
Dynascan Corporation, 6460 W. Cortland 
Street, Chicago, Illinois 60635. Reader Service 
Number 320. 

i MOGE CODE, BREAKING 
THE BARRIER 

by Phil Anderson, WQXl 
Learn~nq the Morse Code does riol have to 
be the palntui experience many folks make 11 
out to be Th~s llttle booklet IS chockfull of 
helpful ,ind h~ghly recommended h~nls and 
l~ps on low to learn the Morse Code Uses 
the h~gt-, low method to el~m~nale the dread- 
ed 10 npni plateau 1982 1st ed~t~on 

( PA-MC Softbound $1.50 each ( 
Plr,$st, .id0 $1  00 lor \nll,utnq dtld hdr l f l l~ l lq  

H A M  RADIO'S  BOOKSTORE 

4. ?*, *., ~4,% 

Presenting the Revolutionary '/*$ 

MONGOOSE 2000 

$279.95 

200 CHANNEL 10 METER 
ALL MODE TRANSCEIVER 

Specifications 
anoral 
Freauency cornposlllon PLL Syntheslzel 
Frequency range 28 000 MHz lo 30 000 MHz 
Chdl!nelS 200 
Frequency space 10 kHz 
Emlrs~on AMIFMIUSBILSBICW 
Power source 1 J 8 V OC 
Rocelver 
S f ~ n s ~ l ~ v t l y  AM - 1 mrcro.V 178 10 dB S I N  

FM - 1 mlcrovo~ 20dBSlhl 
SSRICW - 0 5m1cro-V @ 20 dB SIN 

S e l e c t ~ v ~ ~ v  60dR 
Aud~o O i i l ~ u l  2 W m 8 Ohm 
F ~ n e  Tune range -t 800 Hz 
Course Tune r a g e  -t 5 IfHz 
Squelch range 0 5 10 300 rn~cro-V 
lnlernledldte lreq AMII-M - 10 695 MHz1455 kHz 

SSRICW - 10 695 MHz 
Transmiller 
RF IDOWUI o u t ~ u l  High Mid Low 

SSBICW 17 W 8W 7 W 
AM 7 5 W  4W 1 W  
F M 1 0 W  7 W  ? W  

SSB qenerarlon Double-balanced modulator w ~ l h  cryslal 
latt ice lrller 

Coarse Tune ranqe + 5 kHz 

Make Check or Money Order payable to: 
COIN INT'L., INC. 

2305 N. W. 107th Avenue. Miami Free Trade Zone 
M~aml. FL 33172 (305) 593-9300 

VISA &MASTER CARD ACCEPTED. 
P~I(P$ ,(I 8 ) .  ;,F, I '  , I ~ ~ I , I '  .J~,IP[ I ' ! h,~,),;? .,.8''8r8~. r lnl~ce 

Florlda Residents please add 5% sales tax. 
Allow 6.8 weeks for delivery. f l  125 

SSB audlo 
For CW, thc 
he YK88C, 1 . - . . . . . . . 
ou save! 
iR IS BETTE 
3 better beci 
molithic) ca 

use our 21C 
B Fr2102 4C 
~ h l l e  the 25 .--.. -. 

For superior performance at lower cost, use top. 
rated 8-pole Fox Tango crystal filters to fill the 
optional spots in your rig. For exampie,our 1BW 
Hz Fl2108 equivalent of the YK88SN has a 601 
6dB shape factor of 1.7 compared wlth 2.0, a 
price of $55 vs $63, and squarer shoulders at the 
top wlth steeper sklrts all the way down to more 
than - t  
For mor K)Hz 
bandwic OH.? 
unit Is t QHz 
FT2101 IS snarper rnan rne YKWLN. ~ n e  more 
you buy, the more y 

BlQGE 
Fox Tango filters arc , dl* 
crete crystal (not mc Thls 
makes them slightly larger rnan .rn rllrers so 
they are patched into the circult with short 
lengths of coax. Installation Is easy-no drllllng 
or circuit modification is needed. Order wlth 
confidence. 

INTRODUCTORY PRICES-Camplrt. KIt 
Any ONE filter . . . . . . . .$55 
Any TWO fllten O(Sars $10) 
Any THREE flltq 5 (Save $20) 

Includes all needed cables, parts, detailed In. 
structions. Specify the type(s) desired: 
sse-nnoa ( t~ joo~r ) ;  ~ ~ 2 1 0 9  (2100~r) 
CW-FT2101 (250Hz); fT2102 (400H~) 

Sh~pping $3 per order; ($5 air). FL Sales Tax 5%. 
ONE YEAR WARRANTY 

00 FOX-TANGO-TO BE SURE! 
Order by Mall or Telephone. 

r AUTHORIZED EUROPEAN AGENTS 
Scandinevte: MICROTEC. Makedlen 26. 
3200, Sandefjord. NORWAY 

Other: INGOIMPEX. Poslfech 24 19. 

All UuTTFRNoT ANTENNAS u<.% S!,~IIIII..)- 5t1.r.1 

r ~ e , r c i w z ~ r ~ , ~ ~ r t ~ ~  , ,r,-.~~,,arar~m.<i IO, A ~ L J I I  verv roc ft.ntwr 

~ ~ ~ l o r r n i l l ~ r > r l  on t t i v ~ p  and o l h ~ ~ r  HUTTFRNUT C l r n l c ~ i r s  
w r ~  for ~ x r r  FREE CATAl  OGl 

BUTTERNUT 
ELECTRONICS . 4 . 2 ,  . i,,, , 

',.','d h.,',-*, ., . ;.., ,,3',6,> 
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NCG WORLD BAND COMMUNICATIONS 

Tested and Proven 15 Meter Mobile Transceiver USB and 
CW 
Power-High 10 watts, Low 2 watts 
VFO Tuning. Noise Blanker 
Fine Tune t 1 kHz 
Digital Frequency Counter 
13.8VDC@ 3ANeg. Ground 
9.5" L x 9" W x 2.5" H 
All this PLUS the lreedom of DXing 
Regular Price: $305.00 

SPECIAL PRICE: NOW $279.00 

16011 OM 
ALL NEW, with the features you have been waiting for 
HF 160-10 meters SOLID STATE Transceiver 200 watt PEP 
All 9 HF Bands ready to go 
AC/DC Power supply built in 
3-Step Tuning 1 kHz/lOOHz/25Hz 
4 memories. Auto Scan 
Automatic Up/Down Tuning Advanced Systems 
Dual VFO. Solid State-Adjustment Free, IF Tuning. IF 
Offset 
Noise Blanker, Mic. Compressor 
VOX, CW Side tone, AC 120V DC 13.8 RTTY-Fax operation 
USB-LSB CW (Narrow CW f~l ter  optional). 
Regular Price: $1075.00 

SPECIAL PRICE: NOW $949.50 
luC.r3. CO. 

1275 North Grove Street 
Anaheim, CA 92806 Mail Order COD Visa Master Charge 
(71 4) 630-4541 Cable: NAT C O L G U  

Prices and specifications subject to change without notice or obligation 
Calif. Res. add Sales Tax 1/ 170 

I BUY DIRECT 8 SAVE I 
I 1-1 40 CHANNEL I 

CONVERTER 
$3 8 Regular $69 I 

Advanced Solid State design and cir- 
cu~t ry  allows you to receive mid 8. 
super band channels. Restores pro- 
gramming to Video Recorders. 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 
$88.00 

DIAMOND 0.56 WIRELESS 
THE ULTIMATE CABLE T.V. 
CONVERTER 

56 CHANNEL 
INFRARED 

REMOTE CONTROL 
$139.00 

I Send $1 for Complete catalog I 

SOVOLT ELECTROLVTICS 
MFD RADIAL AXIAL UFO RADIAL AXIAL 
7 6 ?M $ 3 3 1 %  

w 36 2x1 46 50 
l o  W 16 310 2 2 € 1  69 
3 3 W 16 410 &l 96 
4 7 L7-i 16 1WO 90 132 

10 1 1  17 2 N  165 238 
22 15 XI 3300 2 48 3 59 
33 11 23 47M 297 431 
47 21 26 

MFD 
4 7 

10 
22 
33 
47 

1M 
220 37 42 

25VOLT ELECTROLWICS 

15 
45 57 

22 
33 13 18 
47 

300 

1 l V O L l  ELECTROLWICS 

MFD RADIAL AXIAL MFD RADIAL AXIAL 
100 s m ID00 s 55 
150 I 17 1 2 N  70 S 70 
470 40 3300 85 

CALL FOR VOLUME OlSCOVNTS 
a caps km ww cendnw 14,. reom Smmnl. l C C . I M P  

hllSOnK El( 

-- -- - - 

GOLDSMITH- 1/ 5mmm 
CORPORATION 

P.O. BOX 31 tIH. COMMACK NY 1 1  7 2 5  
PHONE r I R D f R 5  W F l C O M l  5 l h t  9I9.7941 

Two Elements $215.00 
Extra Elements $154.00 
Price IS F.O.B. Transcona 
lNCLUDES U.S. Customs 
Duty 

KIT COMPLETE WITH 
"SPIDER 
'ARMS 
'WIRE 
*BALUN KIT 
'BOOM WHERE 

NEEDED 
WINNER OF MANITOBA 

DESIGN INSTITUTE 
AWARD OF EXCELLENCE 

Buy two elemenrs now - o rhird and Jourrh 
mo.v he added larer with lirrle etforr. 
Enjqv up ro R dh /orward Rain on DX, with a 
25 dh hack lo .front ratlo and e.vcellenr side 
rliscriminarion. 
Ask Jor our new 2m Quad Kir when vou order 
your Gem Quad. Ir > FREE for rheaskrn~! 
Get maximum strlrctirral srren~rh w ~ r h  low 
weighl, using our "Trlderic" arms. Please in- 
quire direcr!v to: 

GEM QUAD PRODUCTS LTD. 
Box 53 

Transcona Manitoba 
Canada R2C 225 

Tel. (204) 866-3338 fl 140 

Tell 'em you saw it in HAM RADIO! 108 May 1983 



"A STATION IS ONLY AS EFFECTIVE 
AS ITS ANTENNA SYSTEM" I 

THE ARRL ANTENNA BOOK The best and most up-to- 
date antenna information around. The iust revised 14th 
Edition contains in its 328 pages propagation, transmis- 
sion line and antenna fundamentals. You can update 
your present antenna system with practical construction 
details of antennas for all amateur bands - 160 meters 
through microwaves. There are also antennas described 
for mobile and restricted space use. Tells how to use the 
Smith chart for making antenna calculations and covers 
test equipment for antenna and transmission line 
measurements. Over 600,000 copies of previous editions 
sold. Paperbound. Copyright 1982. 18.00 In the U.S., 
18.50 elsewhere. 

HF ANTENNAS FOR ALL LOCATIONS b v  1-4 Moxon. GIXN. 
An RSGB publication. Contains264 ges of practical antenna lnformatlon. 
This book is concerned p r i m a r i p  wi th small wire arrays. although 
construction information is also given on a small number of aluminum 
antennas. Chapters include: Taking a New Look at hf Antennas; Waves and 
Fields. Gains and Losses; Feeding the Antenna; Close spaced beams; 
Arrays, Long Wlres, and Ground Reflections, Multcband Antennas. 
Bandwidth: Antenna Design tor Reception; The Antenna and I t s  
Env~ronment; Single.element Antennas; Hortlzontal Beams; VertlCle 
Beams; Large Arrays; Invisible Antennas; Mobileand Portable Antennas; 
What Kind of Antenna: Making the Antenna Work; Antenna Constructlon 
and Erection. Copyright 1982, 1st Edition. Hardbound S12.W 

ANTENNA ANTHOLOGY The best QST hf antenna articles and 
theory presentations. Verticals: 2 and 4 band vtr t lcals for the novlce. 
Cheapie GP, High Performance system for 20, 40 and 80, other loaded 
Systems. Ya is Short antennas, and The Log.Yag Array. Quads: Wire 
quads tor 8 8  and 40. ?-Element ~ u a d  for the Novice. M~scellaneous 
Antennas: L o o ~ s .  Delta-lwos. Antennas for travel trailers and camwrs. 
plus matching'devices and'antenna test accessories. Copyrfght 1978. 148 
pages. u.W US.. U.IO elsewhere. 

Enclosed in U.S. funds drawn on a U.S. bank or an international money order Is S for the books 
marked below: 

( ) ARRL Antenna Book ( ) HF Antennas ( ) Antenna Anthology 
S8 U.S. 18.50 elsewhere 512.00 S4 U.S. 14.50 elsewhere 

NAME I 
A.R.R.L 

ADDRESS 225 Main Street 
Newington, CT 06111 

CITY, STATE OR PROVINCE, ZIP OR POSTAL CODE 

Charge to m y  O MaStw Charge 0 Visa 

Account number expires Bank number (MC)  

J 107 
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E l e c t r o n i c  Empor ium.  Inc. 

1614 U e s t  12th PIoce Tempe. Arizona 85281 

PLESSEY 
SEMCONDUCTORS 

uc, [y/;&wTn SL1612C v + z  

MN9102 WTPUT I 

RF/IF AMPUflERS I/P m m w  

NON-VOLATILE QUAD LATCH  he s~1610C and S ~ l 6 l l C  are low noise. low WLICATIONS 

T h e  P lessey  MN9102 i s  a non-volat~le 4-bit data dlstorlron, RF voltage ampllllsr8 with lntegal supply line 
d.coupllng and AGC f a c ~ l ~ t ~ r .  Tha SLl6lOC h u  e IF Ampl~ f le rs  

l a t c h  which u s e s  MNOS t r a n s i s t o r s  a s  memory elements r~ l taga  gain 01 10 m d  a Mndwldth 01 1 4 0 ~ ~ 1 .  while the RF ~~~~~f~~~~ 
to r e t a l n  s t o r e d  d a t a  in t h e  a b s e n c e  of a p p l i e d  p o w e r .  SLIBI t c  circuit8 have a M ~ B  AGC range wilh maximum 
T h e  data t h a t  is a p p l r e d  to the f o u r  i n p u t s  IS written into rign.1 handllnp of 2 ~ m v  rma. As t h y  are voltage ' AGC'Contro'l* 

t h e  m e m o r y  w h e n  the SAVE c o n t r o l  i s  t a k e n  to a logic mpl i t ien t h y  have high lnpulimpedana and low output FEATURES 
' 0 '  l e v e l  a n d  t h e  data s u b s e q u e n t l y  a p p e a r s  on the four impedance. :;4.04 each 
o u t p u t s .  T h e  s t o r e d  d a t a  IS a l s o  a u t o m a t i c a l l y  r e s t o r e d  

The SLIBI~C is a tow noise, low disloflion. IF voitaga . LOW Noise 
ampl~fier slmllu tofheSL781KandSLlBl1C but havlnp . LOW Distortion 

to the o u t p u t s  w h e n e v e r  p o w e r  is r e - a p p l i e d  to t h e  a VO~UO. gain of 50, a bandwidth of lSMHz and only . 1~ output d e v i c e .  20mw power wnsumpfion. I t  h u  a lode AGC range with 
An OUTPUT ENABLE is a l s o  ava i lab le ,  w h i c h  when ~ x ~ m u m  signal hrndling 01 25omv rma. Wlde AGC Range 

t a k e n  to log~c '0' l e v e l  p r e s e n t s  a h~gh i m p e d a n c e  s t a t e  On-Chlp Decoupring 

on e a c h  d a t a  output l ine ,  p e r m i t t i n g  m u l t i p l e x e d  

o p e r a t i o n .  S L16 21 C AGC GENERATORS 
T h e  high v o l t a g e  u s u a l l y  a s s o c ~ a t e d  with MNOS ~h SL1621C is an AGC generator desnpned ~I~IUIIY 

m e m o r y  d e v ~ c e s  is g e n e r a t e d  internal ly ,  r e q u i r i n g  only for u r  In sse reaqvers in coniunctlon with me SLIGIOC. 

a s i n g l e  e x t e r n a l  c a p a c i t o r  to a c t  a s  a c h a r g e  reservo i r  SL l6 l lC  and SLlBlZC RF and IF ampi~fim. In common 

f o r  s~pply ing c u r r e n t  when writing into t h e  memory. with other advancad rvstems 11 psncratn a rultable AGC 

T h e  d e v i c e  t h e r e f o r e  o p e r a t e s  f r o m  s t a n d a r d  v o l t a g e  ~ 0 ~ "  dd"eCtlV Iha detected audio 

r a ~ l s  a n d  r e q u i r e s  no a d d i t i o n a l  d r i v e  c i r c u i t r y .  providn a 'hold' perlad to ma~ntain the AGC Ievsl during 
m u m  in speech, and is mmum to noise intederena. In 

$5.45 each &ition ,t W~II smoothly IO~IOW the t d ~ n g  sqnah 

FEATURES charmaristic of HF communiut~on. - - 
When u d  in a rewiver uwnprlsing o m  SLlBlOC and FC 1 P i n c o o - l ~ n k )  

Data Retent~on for One Year I n  the Absence on s ~ i s i x  amplifier and a su8taMe detector, ma 

of App l~ed Power SLIPIC W~II mainta~n t ~ m  output wothon 8 WB ran* tor a $ 4 . 8 4  each 
11MB rap .  of rewlvu input sipnal. I Simple to Use T h  S~1610C VOGAO fVo ia  Oprated Gain Adjusting FEATURES 

Standard Power Supplies Only ( . 5V. Ordim) is an AGC gonerator des~gnrd to work in 8 Dynamic flange 
-1 2V) conjunction with the SLl630C audio amplifier (pm~cularly 

h e n  th. latter is und as a mlcrophona amplifierl to Speech Pause Memory 

CMOS/TTL Compat~ble maintun the ampilfier wtput  befi::en 7 0 m ~  and ~ 7 m ~  Fast AttacklAdaptive Decay 

14-lead DIL Package rrm for a 35dB ranp of input. A o m  Mond .hold'p.riod 8 Only 4 External Components 

is provided which preventa any incraav of background 
Typ~cally Ten M ~ l l ~ o n  SAVE Operations noiu during pauses in soetch. 

APPLICATIONS 
Meter~ng Systems 
Elapsed Time lnd~cators 

SL1623C 
A M  DETECTOR, AGC AMPLIFIER & SSB DEMODULATOR 

S e c u r i t y  Code Storage 
The SL1623C 1s a silkcon integrated cnrcuit combining ' Las tChanne~Memory forD ig1 ta~Tun ing~+unct ionsof iowIeve l . lowd is to r r ronAMdetec torand  

S L748 
AGC generator wlth SSB demodulator. I t  Is dnlgrwd 
spciJly for urs in SSBlAM rocelvers in conjunction wlth 
SLl6lOC SL lB l lC  and SL1612C RF and IF amplifien. I t  

PRECISION OPERATIONAL AMPLIFIER is comp~dmntaw to the SL162lC SSB AGC gonerator. 
Tha AGC voltap. IS wnerated directly from the 

Tha SL748 1s a m o n o l ~ m ~  P r r ~ s a n  00.rallorul 
Ampitfbo I t  18 m enmilent chola *lmn wrlormana 
n r w s  ml srd.-offr u e  powtbk banram p r p r  baV a 
FET m a n  opraaorrl a m p l ~ f ~ n  and lor cmt gansrd 
p u v  opwatmd ampl~f~em Tha lol OM md b u  
cunmm ot dra SL748 nmpon 4nm m r w  In 
. o p l u ~ m  w& r long term ~ntqrston,  umd. and h d d  
orcult# m d  h e  Ioura l m W m o l  vlmmtng unplaflu¶. 
Emn thou* tha tnpw b r  arrrmt 18 a x t m d y  low. th. 
SL74E matnuans full t3OV d~Mrsn t~a l  ro l tqa rap.. T k  
tnnrnd m m u c r t o n  ut~lrzm ~Iothermal i w w t  wd s m d  
d.cn#ul dwgn m m ~ n t s m  svnsm p r f o r n u m  d a p ~ m  
rarlanonr In nmpra tun  or w w t  l h d  HI* common 
mod. f n w  voltrg. rmg., latckup protmton, lhoR crcult 
protutvon md slmpla freguanq compnutton make dm 
devla wrut t l r  and any to uw. 

FEATURES 
$6 .72  each 

&turd carrier sign2 and is  independent of the depth of 
d u l s t i o n  und. IIs responr is f n t  enouph to follow the 
mar rapidly fadirq signals. When used an a recelvr 
mmpising o m  SLl61OC and one SL1612C amplifier, the 
SL162X wlll maintain the output w~thin a 5 dB ran* for a 
BOdB ranp of rccaivar input signal. 

Th. AM detector, which will work w ~ t h  r carrier ieval 
&w to 100 mV, contributes neglig~ble distortion up to 
90% modulation. The SSB demodulator is of single 
Wmxd form. The SLl623C is designed to operate at 
inturmdiats frwuonc~es UP to 30MHz. In addition # t  
+unctions at frequencies up to 12OMHz with soma 
dagmdmion in detection efficiencin. The encarnulation is a 
14 load OIL psckago and the daviu is designed to operate 
tmm a 6 volt suppbi. over a remprarure range o f - 3 0 ' ~  
ta +70°C. 

-..0.0 
C D I l U l d  

$6.11 each 
ABSOLUTE MAXIMUM RATINGS 

Stwqe tsmprawra -3oDC to +BE°C 
Ambient operating temperamre O%to+aY% 
Supply v0Iteaa -0.5V to *12V 

8 L o w  Offset Voltaqe and Offset Current 

8 L o w  Offset Voltage and Current O r ~ f t  

/ 
LOW Inpu t  Bias Current --o' 
Low I n ~ u t  Noise Voltaqe 

 volt^)^ Ran- 

=-- = --'- 
Large Common-mode and Differential I ,,, / 

.M I w...y'Y. 

110 May 1983 Tell 'em you saw it in HAM RADIO! 



More Details? CHECK- OFF Page 132 May 1983 111 

I 

UHF PROGRAMMABLE DMDERS ;m/n @ PLESSEY SP4550ll 
SP8640A & B 200 

semnlcomkrctors 
1 OHz i 256 

FEATURES 1 
I 

Surfam Acoustic Waw (SAW) technolm No Tuning Required 

a U.S. TVChannel 3 (61.25MHz) and 4 (67.25MHz) High Stability 
Operation 

No Additional Components Required 
Low-loss at Intended Fc 
High Unwanted Sideband Rejection Easilyshiel6ed TO8 T y p  Metal Padcage 

SL1626C FEATURES APPLICATIONS 

AND VOGAD M Constant Output Signal W Audio AGC Systems 
Fast Attack W Transm~rter Overrnodular~on Prevent~on 

II Low Power Consurnpt~on W Speech Recording 

The SL1626C IS a sthcon tntegrated clrcult comb~n- I S~rnple C ~ r c u ~ t w  Level Set t~ng Systems 
+ng the functlona of audlo ampllfler w ~ t h  volce operated 
galn adjusting devlce (VOGAD) 

It IS designed to accept slgnsls from a low-~enr111vltV 
marophone and to prov~de an essent~ally constant ELECTRICAL CHARACTERIST ICS  
output slgnal for a 60dB range of Input 

The encapsulat~on Is an 8-lead plastic dual-ln-ltne r u t  condtt~one (unless otherwise stated) 
package and the devlce IS deslgned to operate from a 
6V 7 0 5  volt supply, over a temperature range of 

lnput frequency 1 kHz 

-34'C to - 70°C Supply voltage - bV 
Temperature -25 C 

$4.04 each F,V r P, connoer~onr (top) 

b 

In lrearmq rvnth.nr 11 IS deurrMe to rtlrt 
wwemrnable dtr~rton 81 18 hlqh I frequency r porr~bls 
k w r  char nnm chm mmpartwn frequency and u, 
!mprom the overall ~ynther~rer performanu 

The S P W O  rr lm ere UHF anteprated c~rcuha that 
u n  b log~callv programmd m dlvlde by #!mar 10 or 11 
w~th lnout frrqwncter up to 350 MHz The doslpn of voy 
fast fully woqramrnaDlr dlvtderr IS merefore greatly 
18mpllfl.d by me use of msu derlcm and maker them 
PNllCularlv useful fn frequency Synthesnrrs opral~ng In 
me UHF hend 

Al l  ~nwa md outputs are ECL comp.tfbl8 <hroughout 
me tempnature ran* the clock mpuu and programmbn) 
Inouts are ECL lllcomp.t~ble whde the two 
mmplementary outputs are ECL 1lcornp.t~Me to reduo 
power conwmptton an the output st- ECL III output 
mmpatlblllry Nn b ~ 4 7 l ~ e d  very Slmply horvner IW 
0p.retlng Notes) 

The davt~ton ratlo IS contro1l.d by mo ?% tlnputr The 
munter WIII dlvlde by I0 when rather ("put 4s !n the 

The SPUSOll em pad of th. new mnge of Pkusy Can. 
s u m  high epod dlvldan which OHM Irnprwwd lnput 
Mnsltlvlty Md hlghu lnput 1rnped.nce 

The & b e  em Intendad for urn In telnlelm frequency 
syntheele w U m e  They h m  e dlvlslon mtlo of 2 I  with 
slngle, (SP4550) or complementary, (SP4551) ECL output 
and lnc~porete M onehlp pmunpllflu wlth l dlffmntld 
Input The Input pln8 m y  be u d  n UHF and VHF Inputs. 
wllh only e slight loss of mnsltlvlty, If eultWe dr ln  clr. 
cultw is empbyai 
FEATURES 

0,. .., i . Onch~p*rX.rd arnpllfl~r 
I . ~ l g h  input sensltlvlty 
I . Hlgh Input lmpedence 

VOTE UNIJSEO PINS (EXCEPT 8 AND 91 
UAV BE CONNECTED TO V E E  TnlS WILL I 

. Low ou(put redlatlm 
REDUCE C L W K  e n c n n r ~ ~ c u c ~  ON THE . SlneIe (SP4550) or cmp1emen ta r y (~~4~51 )  ECL 
OUWLITS PINS 8 AN0 9 SHOULD BE L E F T  
WENCIRCUIT WHEY NOT IN USE PIN 11  15 I I N ~ ~ ~ N A L L V  CONNECTED AND MUST 
A L W 9 Y S  BE L E F T  OPENCIRCU~T E S P  

htgh stile and by 11 when bom Inputs are I" the low state 
84th the % 8nputs and the clock tnpun hare nominal 4 3k FI I fin mnnrcaon, lrml 

S2 pulldown rartrton to VEE Inegat~re rml) 
$ 7 . 1 2  each 

FEATURES 

8 M8lltary and lndustr~al Var~ants 
8 350 MHz Toqgle Frequency 
8 Low Power Corrsumpt~on 
8 ECL Compati t~i~tv on AII IIPS & OIPS Typical T y p ~ c a l  
8 LOW Procagal~on Delay Frequency O p e r a t ~ n g  Operating 
8 T r ~ e  and Inverse Ourputs Range Cur rent  Voltage 

FW a LW dwcm { m s r w r  I W , ~  (GHz) (A)  (V )  
ABSOLUTE MAXIMUM RATINGS T E  0 3  110 18-12 1 110 / 7 . 5  

Supply v o l t ~  lVCC - VE I 8V 
lnwt voltam V,, (,, I Not grsater lhan Ihe 

supply voltapl an u s  
833.00 each 

Output currant 1 ,", 2OmA 
Wax ,unnton tempratun + l 5 d ~  
l o r *  temperature ,mp. - 5 5 ' ~  to 1 7 ~ ~ ~  

SW300 
VESTIGIAL SIDEBAND FILTER 

The SW3W is a twochannel Vestigial Sideband 
Filter which uses Swfacs Amustic Waw (SAW) 
wchndogy and is designed for usr in TV Game cir- 
cuin, or other applications whom it is necessary 
to eliminate unwanted sideband radiation. Operation is 

specified for U.S. TV Channels 3 and 4 (61.2SMHz and 
67.25MHz respectively); the filter h a  one input for 
each channel and a common output inmnded to drive 
7521 loads. No tuning is requ id ,  and the device is 
supplied in a TO-8 type metal packa~e for ease of 

shielding. 

INPUT CHANNEL 3 
GROUNO INPUT 

(CASE) 

CHANNEL4  OUTPUT 
INPUT GROUND 

OUTPUT 

TOP VIEW 

$9.44 each F ~ W  1. ~ i i  Comutiom 



SL6440 C ELECTRICAL CHARACTER~ST~CS 

HIGH LEVEL MIXER Test Test conditions circuit: Fig (unless 2 otherwise stated): 

The SL6440 is a high level mixer for use in 
Radio Communications and In applications Local oscillator input level OdBm 

requireing linear mixer. Tamb = -55O C to +125O C (SL6440A) 

The SL6440A is packaged in 16 lead ceramic -30' C to +85O C (SL6440C) 
Vccl  = 12v DIL (DG) and the SL6440C in 16 lead plastic OIL Vcc2 = 10V 

IDPI). lp  = 25mA 
5 7 . 7 1  each 1 

FEATURES 
I + 3CdBm Intercept Point 
I Low Noise 

+ 15dBm Compresslon Point ( ldB) 
8 -55 o C to + 122 o C Temperature Range 

Programmable Performance 
8 Programmable Gain 

ABSOLUTE MAXIMUM RATINGS 
Supply voltage. pins 3.4 and 14 15V 

Power dlsvlpation (package limitation) 12WmW 
Derate above 25OC 8mWIO C 

W Storage temperature range -65OC to + 150 OC 
8 Programme current 50mA 

OVAL A D  COMPARATOR 

SP1651 ' 7 7 . 7 8  ~ a r h  
The sP1650 and !he SP1651 are "cry hqh  weed 

compdlator( "tillling dtl lerenl,al a n ~ D l ~ l c e r  8npulr 10 % n y  

andlog rsgnalr above or belo*. a rrlrrnce I h e l  An outpul 
la tch  provldcr a unique sample hold lcrrurc The S P I  6 5 0  
pmr~der high ~mpedancr Darlmgton Inputs. whole the SP 
1651  8 %  1 IOwCr 8mpEdancP Dpt#On *I fh hlqher lnpUl  d M  

Thm SPB618 vrln 01 UHF counters are Imcd ratlo - 4 
arvnchronour emtnsr couplsd lqac countars wth. en the 
uu of the SP8168 a rnaxtmum opratbnp frequency In 
axcqr of IGHz, ow, a tmprarurr ran* 01 O°C to +70°C 
Thd input IS normally upnt~vslv coupled to the ugnal 
sourn but un be OC couoled 11 11 IS requored The fwo 

mm~lsmmtary amlner lollower outputs are capable 01 
drcvtng lOOl7 I(n.8 and tnrerlutng to ECL ~8th lhs urn+ 
pos#ttvm lupplv Ths Sf8618 u r m  requbn svpplln of OV 
md -7 4V I* 0 4V) 

i ~~~7;;;;~z;~:;;;;~ ;,;;2:;<x;;;;;;f;;o; 
, ,renen! i a m ~ l e  and h o d  war ~ o l r l l p  d e t ~ t , o n  t r a n r  
ml l lerr  re,.e,ierr mrmory ,,anlla,#on e n *  sm"l,flars / 11d more 

ThP  clock lnpulr I td  and Chi o g e r l f e  l r o m P E C L  1 1 1  
I 

<. P E C L  1 0 0 0 ~  i l , g , c ~ l  i r . r ~ r  ' t ~ h a n  C~ .dr 4 .,.yc hlgn 
00 W,II 01 J~ I ~ > , J , C  hmTih w,ei ,,rnidra l.I.ll v1 ' 

1 " 2  I V l  8 ,  more oo,llmva than V 2 I  QU . r  the uq8c i o m  , lrment ac whrn the LIOC* i O L I  !O 1 0 X  I C ~ ~ C  

C V C I  Ihe O L J C ~ > ~ I ~  d r e  l a tched ,n l h r ~ r  v r ~ w l t  $ t a l e  
a \ w ~ n w r ~ t o f  the m+rlorrnance i l l l l-rnmr~er L,~lu-?n 'QP 

S P l 6 5 0  dnd the SP1651  mdy be b % ? d  rwn I h e ( e l d : ~ v C  

kwhrvmorr shown 8 , )  F yurer 3 and 6 

. . 
Input range 
Complementan, mutter follower O/Ps. ECL 
compat~ble 

APPLICATIONS 

FEATURES 

W DC to lGHz operation 

W 0°C to 70'C operatlor1 guaranteed at rnaxlrnum ;32. 50 each 
soeclf~ed freauencv and over a wtde dvnamtc 

1 . UHF lnrtrumenratton lnclud~ng Counters 1 

~o , , tn .  L o p r  
I C C  - . S O Y .  P A ,  I0 

, F ~ '  I Z k - P . n 8  
G,,O - P , ~  ) ! 6  ' . Po.  ll0 n w  .lo 0.l in0 L0.31 . 'm . 1 3 ~ ~ , r ~  SPlE.50, . ,O"...o I P t L I I I  

E .  . 'a 8r,oul  3 . -  a*,. . 350 SP16501 

- 500 i r l l 5 P 1 1 S I I  

and T~rners 
Preral~ng for UHF Synthestsers 

GENERAL INSTRUMENTS LED'S 

R r S P m g S m a d m d . b y 8 1 p c s c a M ~ ~  , 5v m upp", ard m l  dr(M m hrsc4 

- . . - - . - . 
t h e  SLW40 and SL6850 independently pertorm Mobile AC ~ c * r &  !"put (~im A Glade -s°C to I 25'C 

the IF/AF function of a low power FM receiver. Each B Grade. -30°C lo +7O0C 
circuit is a complete IF strip and conslsts of a pre- Hand Held Radio 

MV57124/57124-5, RED 
Rectangular  118" x 114" 
8 /$1 . O O  o r  100/$10.00 

SP875TA m, -55* - am o m  tm full mlllUrl mpnm 

SL6650C nrms I YS'C lo *125"CI 
OUCK REFERENCE DATA 

LOW POWER I F/AF CIRCUITS I- FOR NARROW BAND FM APPLICATIONS FEATURES I W H Z  ~ T L  ~ o m w t t b ~  + 64 outold 
w %wiy power Temoetamre ~onsurnption vonage ;cam sv 2 7 ~ f n ~  

amplifier, limiting amplifier, quadrature detector, FEATURES 
urribr squelch, DC volume control and audio 
output stage. The SL6640 and SL6650 differ in that 
the SL6640 features a power audio output Stage PuwOse Deslgnerf lor 

band 

(typically 250mW into 8fl) whilst the SL6650 has a Carrier Squelch 
level audio output which drives high impedance 
loads (open collector output). With the SL6640 the yOUELCW PROOmlU PRE- IUL  OECOURE 

damodulator and audio amplilier are muted by the 
squelch output. The SL6850 squelch output does 
not internally mute the demodulator, which means 
that it can be used for tone decoding. If, on the 
S L W ,  the squelch function is not requ~red then. OC 

with some addltionrl circuitry, (see Fig. 6) a signal 
stran~th meter can be incorporated. $5. 00 each 'A"'" 

MV5162-015162-215162, AMBER 
T-1 , 8/$1 .OO o r  100/$10.00 

* B S Q L ~  yriny~ly ~ * n -  - 
m v o n *  av E 

Oupr Cwrem r30mA L 

Swage Temperature R a m p  -55% lo *150'C - 
Max Jwdm Temperature +150aC E 

W IW v o n w  2 5v p-p E - 
$18.72 each 

MV53154, CLEAR ORANGE ( T-1 314, 8 / $ l  0 0  o r  IOO/$lO.OO 

MV5362-2, CLEAR YELLOW 
T - 1 ,  10/$1.00 o r  100/$8.00 

MV5377B, FROST YELLOW 
T- 1 , 10/$1.00 o r  100/$8.00 

MV5069K/Q6795K, CLEAR RED 
T-1 , 10/$1 . O O  o r  100/$8.00 

MV5252M, CLEAR GREEN 
T-1 3 /4 ,  10/$1 .OO o r  100/$8.00 

MV5262-0, CLEAR YELLOW MV5377C, FROST YELLOW 
T-1 , 10/$1 .OO or 100/$8.00 T-1 , 10/$1 .OO o r  100/$8.00 
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2822 North 32nd StreetlUnit #1 8 0 0 - 5 2 8  361  1 Phoenix, Arizona 85018 
6 0 2 - 9 5 6  - 9423 

HIGH VOLTAGE CAPS - - .. . .. - - - - - - - HIGH VOLTAGE CAPS -- - - - - -. - -. - - FERRITE CORES AND BEADS 

#4W308T, made by Sprague #118P1050654 T20-12 334 T37-6 3 3 t  
CSI , 53.3mfd @ 3.5KVDC l n i f d  @ 6OOVDC, S i z e :  T25-6 334 T37-10 33d 
S i z e :  10:" h i g h  x 1 14/16 l o n g  x 1 "  T30-2 3 3 t  T44-6 50& 
3 5 /8 "  deep x 4;" $1.99 each T30-6 3 3 t  T50-6 7  54 
$29.99 o r  4 /$75 .00  T30-12 334 T50-10 756 

E l  e c t r o c u b e  T37-2 334 T106-26 1 .60 
#225-450 by  CDE #230DlE405, 4mfd @ 
2251il fd (d 450VDC, 400VDC, S i z e :  1  14/16 #43 S h i e l d  Beads 4 /91 . O O  
S i z e :  3  5 /8"  l o n g  X x 6 / 8 "  $1 .99  each #61 T o r o i d  3 /$1.00 
1:" round  55.99 #43 Balun1 10/$1 .OO 

N ippon #CE-04W #61 B a l u ~ n  8 /51 .OO 
Sprague #68D10688/ 200VDC @ 47mfd, #61 Balun1 6 /91 .OO 
53050-28, 150111fd @ S i z e :  1  3 /16 x 10/16 #61 Balum 4/$1 .OO 
450VDC, S i z e :  3  1 / 8 "  2/$1 . O O  #61 Beads l O / $ l  .OO 
h i g h  x 1:" round  
$5 .99  each E l  pac tCQ20A104, F e r r i t e  Rod :" x 7:" $3.99 

,1 8 2KV, S i z e :  3  3 /16 F e r r i t e  Beads 1  /8" 1 ong 12/$1 .OO 
Un icon  tCE02A, 22mfd l o n g  x 6 / 8 "  h i g h  x t o  3 /8"  l o n g  6 /$1 .OO 

@ 500VDC, S i z e :  1  5 /8 "  5 /16 $2 .99  each I t  1 /16 "  l o n g  12 jS1 .00  

l o n g  x 7 /8 "  round  
994 each . RELAYS -~ HIGH VOLTAGE DIODES - 

Ma1 l o r y  #01069S, AMF/Pot ter  B r u n i f i e l  d  S h i  n d e r g e r  #SRMD-5H DUAL 
100nlfd @ 350VOC iR10-E4274-1,  1.8K Ohms 5000V p e r  d i o d e ,  3501nA p e r  
S i z e :  3" l o n g  x 24VDC C o i l ,  4PDT $2.99 d i o d e ,  P.F. I C  2  Amps, 
1 1 /16 "  round  $1 .99  S i z e :  3:" l o n g  x 3 /8 "  h i g h ,  

G o u l d / A l l  i e d  C o n t r o l  3/3"  deep $6.99 e ~ c h  
Ma1 l o r y  #113B0919-P1 IT351 - C C - C C ,  24VDC C o i  1  , 
25mfd @ 200VDC 680 Ohms, 4PDT $2 .99  8408C883P001 , 1 :" 1 ong x 
S i z e :  1  3 /16"  x 1 1 /16"  h i g h ,  x 5/16"  
5 /8 "  69$ each Oniroh tMHE202PG-UA 10,OOOVol t s  , 1 .5 Amps 

12VDC Co i  1,  200 Ohm $7.9" each 
Ma1 1  o r y  #113A3243P3 DPDT, 92.99 each 
20nifd @ 350VDC RCC #PVK 1153, 2  1 / 8 "  l o n g ,  
S i z e :  1  5 /8 "  x 5/8"  RBM C o n t r o l s  #93-  A", 2n,000 v o l  t < ,  2'1mA 
794 each 507030-1 3300B, SPDT S2.fI0 e?ch 

12VDC, 100 Ohm Coi  1  , 
Ma1 l o r y  #20-95455 C o n t .  R a t i n g ,  10  Amp, Selntez h  , #SMFR20K, 1  : " 1  ong 
550mfd @ 175VDC 125VAC $4 .99  each x A " ,  20,000 v o l t s ,  20inA 
S i z e :  2  3 /16"  h i g h  x $4 . O C  each 
2  1 /16 "  $1.99 each RBM C o n t r o l s  #93- 

599606- 14628A, 12VDC Varo 1:" l o n g ,  x a"  
Sprague #TVA-1627 C o i l ,  12 Amp DC C o i l ,  10,000 v o l t s  @ 20mA $1 - 0 0  each 
250mfd @ 350VDC DPDT, good f o r  RF 
3  5 /8 "  l o n g  x 1 3 /8 "  S w i t c h i n g ,  5  Amps, C o n t .  Varo VF5-15X, 5niA @ 15,000Vol t s  
$4.99 each r a t i n g  @ 125VAC, w e t  and 2 "  x f "  $1 - 9 9  each 

d r y  r e l a y  $9.99 each 

- 
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DIPPED SILVER M I C A  CAPACITORS 

1 pf 
5pf 

1  Opf 
1 2 p f  
1 2 p f  
1 5 p f  
1 5 p f  
1 8 p f  
20p f  
22p f  
24 p f 
30p f  
33pf 
39p f  
47pf 

56pf 
75pf 
75p f  

1  OOpf 
11 Opf 
120pf 
150pf 
180pf 
200pf 
21 0pf 
250pf 
330pf 
360p f  
470pf 
500pf 

( - HIGH ---- VOLTAGE DOOR KNOB CAPACITORS 
I 

1 p f  5KV. 4 .99 
2 ~ f  5 K V  4 .99  
3 ~ f  5 KV 4.99 
4 ~ f  5 KV 4.99 

4 .5p f  5 K V  4 .99 
5pf 5 KV 4.99 
6 pf 5 KV 4.99 
7 ~ f  5  KV 4 .99  
8pf  5  KV 4.99 
9pf 5  KV 4 .99  

1 Opf 5 K V  4 .99  
lOpf 7.5KV 5 .99  

1 4 p f  
2 5 p f  
25p f  
40p f  
40p f  
4  5  p f 
47p f  
50p f  
6 0 p f  
67p f  
8 0 p f  

1  OOpf 

300V 
300V 
300V 

50V 
300V 
500V 
500V 
1 oov 
500V 
500V 
500V 
500V 
500V 
500V 

G I M M I C K  - . . . - - -  ..-. CAPACITORS - - -  . ( A x i d l  Lead C o n s t r u c t i o n  l i k e  a R e s i s t o r )  

MICROELECTRONICS BROADBAND 
AMPLIFIER, TRW CA602/ 
CA2601BV, 15-270 MHz, 30db 
g a i n  niax. , 30 VDC supp l y  
v o l  t age  $39.99 each 

S O O W V D C  3 . 9p f  500WVDC 
, , 4 .7p f  I I 

!I 1  OOpf I I 

1 ,  2200pf I I 

I I 4/81 .OO 

MICROWAVE ASSOCIATES, INC. 
MA41482 & MA41482R, 1OGHz 
t o  12GHz, s i m i l a r  t o  
IN21 & IN23 s e r i e s  
$2.99 each 

2.5KV $ 4.99 
2.5KV 4.99 

15KV 6.99 
20KV 10.99 
15KV 8 .99  DUAL 

6 KV 3.99 
15KV 8 . 9 9  
30KV 30.00 

3.5KV 6.99 
40KV 40.00 

3 KV 9.99 

TELONIC ATTENUATOR 
Model TC50A, has BNC 
connec to r s  f o r  i n p u t  
and o u t p u t ,  0 - l d b ,  
50 Ohm $39.99 each 

50 WATT ZENERS 
1N3313B 5% 14VDC $3.00 
IN4554 10% 6-2VDC 2.50 

BUSS FUSE #HB035 SPRAYON #703 GENERAL PURPOSE ALCO PROXIMITY SWITCH 
3 5  Amp $1.99 each ELECTRICAL CLEANER, 16 oz .  Magne t i c  Reed Type #RS-11 

can $2.99 each N.O. Type $2.59 each 
RF POWER TRANSISTORS - 
MRF449/A 30Watts 3-30MHz 

50 3- 30 
100 3-30 
8 0 3-30 
3 175 
10 175 
25 175 
1 5  175 
4 175 
2 5 175 

175 
40 175 
Microwave RF Amp 
Microwave RF Amp 

VARIABLE CAPACITORS 

Cambion #563-7625-03 1.5 t o  30 p f  
d "  s h a f t ,  :" l o n g  

#80-526/ARCO 425 30-1 50pf 
#B7311369/CVR-5 390-58Opf 
#80-527/ARCO 426 45-232pf 
#80-528/ARCO 406 20-115pf 
#80-529/ARCO 462 5-90pf 
#E281001/ARCO 421 2-25pf 
#2222-808-44121 2.1-120pf 
#3L1-0003-03 .9-50pf 
#3731259-228 .9-50pf 

$1 .OO each o r  2/91.50 
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FIELD EFFECT TRANSISTORS --- . . . . .- -.- ---- 
2 ~ 4 4 1 . 6 -  400MHz 10  TPS. d b .  ~ ] ~ i n .  4  MF/db 
MPF102 100 
3rd 140 200 16 4 . 5  
3N128 200 H i g h  power g a i n  18db 

200 Low n o i s e  f i g u r e  4db 
5 - 3 1 0  VHF/UHF Amp1 i f i e r ,  r ~ ~ i x e r ,  R o s c i l  l a t o r  
40673 Dua l  Gate  

R o c k w e l l  I n t e r n a t i o n a l l  
$1 . 5 0  C o l l i n s  h526-9963-040  

. 4 0  D i s c - W i r e  M e c h a n i c a l  F i l t e r  
2 . 8 0  C e n t e r  F r e q .  450KHz 

3 . 4 / 3 . 0  T y p i c a l  P/B (KHz/db)  
2 . 0 5  T y p i c a l  s t o p b a n d  6 . 0 / 6 0  (KHz/db)  

.75  S o u r c e  R Load 5K - Ohlns 
1 . 4 0  Res. Cap. ( p f )  360 $39 .99  NEW 

FULL . WAVE - . - . GRIDGES . . . . . 

Lifi4N 1- AIIID 
5P4 
MDA204/3N256 
SS-4 
VH148 
75KBP(i05 
MDAl OOA/3N246 
MDAl04A/3P1249 
VJ648X 
MDA990- 6  
506342 
MDA80 1 

? Ari~p 
2 AIIIO 
4  All111 
6 A I I I ~  
1  . 5  Amp 
1  Amp 
1  A11111 
1  0  AIIIP 
27 Amp 
25 Anip 
8 AIII r~ 

50V 
20CIV 
400V 
6iInV 
1  O O V  
50V 
50V 
400V 
600V 
hO0V 
200v 
1  00v  

G r i q s b , y - B a r t o n .  I n c .  kGB-604 
12.5KVDC HIGH VOLTAGE RELAY 
Maxinlum C o n t a c t  R a t i n g s :  12.5KVDC @ 50VA 
C o i  1  : 24VDC, 230  Ohms 
SPST C o n t d c t s  
H i g h  Vo l  t a g e  P r o b e  W i r e  1  pads  

onw i s  8 i n c h e s ,  one i s  10 i n c h e s  
Q u i c k  D i s c o n n e c t  C o i  1  Leads 
R e l a y  S i z e :  3:" X 3 / 4 "  X 1  3 / 4 "  

$ 1 9 . 9 5  each  

E. F. JOHNSON . . - . - . - - . . - 
e l  8 9 - 5 0 4 - 5  

1 . 7  t o  1 4 . 1  
2  t o  1 9 . 3  
2 . 2  t o  2 1 . 9  Any nurnber 
2 . 4  t o  2 4 . 5  S1 . 0 0  each  
1 . 3  t o  5 . 4  
1 . 7  t o  l l p f  
1 .5  t o  15p f  
2 . 5  t o  40p f  
2 . 5  t o  9p f  

VARIABLE CAPACITORS 
AXTO- 4  73 - 7  t% 1 0 0 p f  $1  . 0 0  e a c h  o r  2 / 5 1 . 7 5  
ARC0 PC464 25 t o  280p f  $1 . O O  each  
ARCO PC402 1 . 5  t o  7 0 p f  51 .00  each  o r  2/S1 . 5 0  
COl 0 Z Z / l O  . 7  t o  4 6 p f  7 9 ~  each  ot- 2 /$1  . 1 0  
DUAL VARIABLE CAPACIJPS 
07S-s~1  4 A t  lB s 1 . 2 - 3 0 p f h 1 . 2 - 1 5 p f  $ 3 . 9 9  
075-013 A t l d s  9 - 5 5 p f  Dua l  $ 3 . 9 9  
075-01 2  A t l a s  1  . l - 1 7 5 p f  Dua l  $ 3 . 9 9  
VARIABLE CAPAC-IJOE -- - - - . . . - . 
272-1 341 A r c h e r  8 . 5 - 3 6 5 p f  5 1 . 9 9  
ARC0 464X 2 5 - 2 8 0 p f  $1 .OO 
2222-804-20024  2 - 2 5 ~ f  2 / 51  00 

LINEAR I C ' s  DESCRIPTION PRICE I C  SOCKETS 

O p e r a t i o n a l  Ampl i f i e r  
Q u a d  O p e r a t i o n a l  Ampl i f i e r  
T i m e r  
Q u a d  C o m p a r a t o r  
A u d i o  Power  Ampl i f i e r  
TV V i d e o  M o d u l a t o r  
C o m n ~ u n i c a t i o n s  Ampl if i e r  
FET O p e r a t i o n a l  A m p l i f i e r  
: W a t t  A u d i o  A m p l i f i e r  
Low L e v e l  V i d e o  D e t e c t o r  
I F  A m p l i f i e r  
I F  A m p l i f i e r ,  L i m i t e r ,  FM 
D e t e c t o r ,  A u d i o  D r i v e r ,  
E l e c t r o n i c  A t t e n u a t o r  

$ 1 . 2 5  S o l d e r  T a i l  

.48 8 p i n  $ 0 . 1 0  

. 7 1  1 4  p i n  0 . 1 0  

. 3 3  1 6  p i n  0 . 1 4  

. 6 9  1 8  p i n  0 . 1 8  

. 9 0  2 0  p i n  0 . 2 0  
3 . 2 0  24 p i n  0 . 2 2  
1 . 9 0  28  p i n  0 . 2 5  
1  . 5 0  4 0  p i n  0 . 5 0  

1 6  p i n  0 . 4 0  

1  . 3 0  40  p i n  0 . 9 9  

R F / I F  A u d i o  A m p l i f i e r  
V o l  t a g e  R e g u l a t o r  

V o l  t d y r  C o n t r o l  l e d  M u l t i v i b t - a t o r  

1 4  p i n  O p e r a t i o n a . 1  A m p l i f i e r  
'62 MC4024P . 7 3  $ 4 . 4 9  

MC1741 8  p i n  O p e r a t i o n a l  Arlipl i f  i e r  
MC3302P Q u a d  C o m p a r a t o r  

Phase  D e t e c t o r  

D a t a  S h e e t s  A v a i l d b l e ,  p r i c e  p_e-r ya-pe_ 
MC4044P . 2 5  $ 4 . 4 9  
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VOLTAGE REGULATORS - -- -- 

5 V o l t  
8 V o l t  
12 V o l t  
15 V o l t  
: Amp, 5 V o l t  
12 V o l t  
: Amp, 5 V o l t  
: Amp, 15 V o l t  
1 .2  t o  37 V o l t  
5 Amp, 5 V o l t  
5 Amp, 12 V o l t  

PRICE TO-3 Case T r a n s i s t o r  P a i r  
NPN & PNP Audio Power 
2N3055 R 2N2955 52 .00 /pa i r  

DPDT S l i d  S w i t c h  5 /$1 .00  

131~1ck Rubber Feet  
1 "  round x I," h i g h  12/$1.00 

Two Wire 18 A w y  L i n e  Cords 
B l a c k ,  5 Feet  2/99C 

Spacer Assor t~ r len t  o f  a l l  Types 
15/51 .00 

SILICON RECTIFIERS -- -. -. - - - - F a i  r c h i  1 d VHF, 300MHz 
1 N4001 50V 1 Amp P r e s c a l e r  w i t h  a 2N5179 V a r i a b l e  T r i r l i r~~er  Cap S p e c i a l  

IN4002 l O O V  lAmp $ 5 . 6 9  of  a l l  Types 20152.00 

IN4003 200V 1 Amp 
IN4004 400V lAmp F e r r a n t i  AM R e c e i v e r  I C  USED FEATHER FANS 115VAC 

IN4005 500V lAmp ZN414 $2.00 7" D i a .  x 2i," $7.99 

IN4006 800V lAmp 
IN4007 l O O O V  1 Amp C-MOS B i t  Rate Genera to r  Con~pact Wat,or Hea te r  Tank 

10 f o r  $1 .OO MC14411P $10.00 120VAC, 500 Wat ts ,  Copper Tank 
S i z e :  3 518" x 3" x 7:" $10.00 

TO-3 T r a n s i s t o r  Sockets  C-MOS Touchtone Encoder 
A must f o r  t h e  TO-3 MC14410P $10.00 BUSS k2448 Fuse H o l d e r  f o r  3AG 

power t r - a n ~ i s t o r  o r  t y p e  4/$1.00 

r e q u l a t o r  5/$1.00 TO-3 Mica I n s u l a t o r  10/$1 .OO F e r r i t e  Beads 12/79d 

SILICON POWER TRANSISTORS -- 

BU208 VCEO 1500 
2N6307 VCEO 300 
MJ10005 VCEO 400 
MJ 10006 VCEO 350 
2N3055 VCEO 60 
2N5886 VCEO 80 
2N6569 VCEO 40 
MJ2955 VCEO 60 
2N5302 VCEO 60 
MJ15012 VCEO 250 
2N5880 VCEO 80 

"MJ4000 VCEO 60 
2N5240 VCEO 350 
2N4898 VCEO 40 
2N3767 VCEO 80 
2N3713 VCEO 80 
2N3235 VCEO 60 
2N3442 V C E O  140 

"MJE802 VCEO 80 
2N6487 VCEO 60 

*2N 301 VCB 40 
*2N2140 VCB 7 5  
*2N1099 VCB 80 
" P D M ~  OK40/2N6057 VCEO 60 
"PDM12K40/MJ 1000 VCEO 60 
MJE2955T VCEO 60 

*Germani um, "Dar l  i n g t o n  

5 Amps NPN 
5 Amps NPN 
20 Amps NPN 
10 Amps NPN 
15 Amps NPN 
25 Amps NPN 
12 Amps NPN 
15 Amps PNP 
30 Amps NPN 
10 Amps PNP 
15 Allips PNP 
4 Amps NPN 
6 Amps NPN 
4 Anips PNP 
4 Amps NPN 
10 Amps NPN 
7.5 Amps NPN 
10 Amps NPN 
4 Amps NPN 
15 Amps NPN 

PN P 
2 Anips PNP 
12 Amps PNP 
12 Amps NPN 
8 Amps NPN 
10Amps PNP 

TO-3 
TO- 3 
TO-3 
TO- 3 
TO-3 
TO- 3 
TO- 3 
TO-3 
TO-3 
TO-3 
TO- 3 
TO- 3 
TO-3 
TO-66 
TO-66 
TO-3 
TO- 3 
TO-3 
TO-1 26 
TO-220 
TO-3 
TO-3 
TO-36 
TO-3 
TO- 3 
TO-220 
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CERAMIC FILTERS - -. -- - -- - - - - - - 

Mura ta  CF260H 
" CFU455HZ 
" SFB455D 
" SFD455D 
" SFE10.7MA Orange 
" CFW455H6 
" SFE10.7MA B l a c k  
" SFE10.7MA Red 
" SFE10.7MA B l u e  
" SFE10.7MA W h i t e  

M a t s u s h i  r a  EFC-L455K41B 
I I EFC-L455K40B2 

PTI  1479 10.7MHz 

SOLID CARBIDE DRILL BITS - - - - - - - - - - - - - - - - - 
New & Used i n  M i x e d  S i z e s  
$1.25 each o r  10 /$9 .00  

HIGH CURRENT 25Amp SCR 
Stud Mount. 
2N687 400 V o l t  $2.97 ' 2N690 600 Vol t $5.03 

LED DISPLAYS 
T I L  305/745-005 RED 
.3" 5x7 a r r a y  
A lphanumber ic  D i s p l a y  
$3.85 

NARROW BAND CRYSTAL 
FILTER 10.7MHz 
Bandwid th  13KHz 
Type 2194F 
I n p u t  & O u t p u t  
Impedance 2700 Ohms 
$4.95 each 

NEW & USED FANS 
11 5VAC 
4:" x  11" deep 
USED $5.00 NEW $10.00 
3 /8"  x 3 /8"  x 1,:" 
USED $7.00 NEW $12.00 

SUBMINIATURE POWER SUPPLY 
5VDC (? 300mA 
2:" x 1 3 /4"  x 1 "  
NEW $8.00 
USED/TESTED $5.00 

10 WATT ZENERS -- - - - -- - 

1 0V 36V 
11V 3YV 
14V 40V 
2 0V 56V 
22V 62V 
24V 6HV 
27v i onv 
331 

996 o r  10 /$7 .50  

MOTOROLA SP1801 PNP 
POWER TRANSISTOR 
SP1801 w i l l  r e p l a c e  t h e  

- - - - - - - - - - -  - -----a- 2N1529 t h r u  2N1560 i n  ' 
EF JOHNSON COMPANY TUBE SOCKET - - - -- -. - - - - A - . . -- - - - - - - - - -- - most  c a s e s .  $4 .95 each 
81 23-0213-001 o r  10 lS35 .00  
Used f o r  81 l A ,  8005, 3B28, e t c .  

56 .99 each 

TV COAX CONNECTOR FOR 
CABLE F-59 166 each 

TV COAX CABLE CONNECTOR 
F-61 2% each 

NEC NTM2222A 
General  Purpose Amp1 i f  i e r  
H iqh  Speed S w i t c h i n g  
NPN S i l i c o n  E p i t a x i a l  
T r a n s i s t o r  " M i n i  Mold  
Type" 796 each 

TRW TD1021J 
M o n o l i t h i c  Video 
A / D  C o n v e r t e r ,  4 B i t  
30 MSPS $30.00 each 

MINI-CIRCUIT RF 
TRANS FORMERS 
Model T16-1, 
R a t i o  16 O~II IS, 
Frequency .3-120MHz 
$3.95 
Model TM05-T1 
R a t i o  5 Oh~i~s  
Frequency .3-300MHz 
46.75 

MICROWAVE ASSOCIATES I n c .  
#MA4815 P o i n t  Con tac t  
D e t e c t o r  D iode 
T e s t  Freq.  .1GHz 
$1 .OO each 

VARADYNE CHIP RESISTORS 
.05" x .05" 75MW lo:!, 
12 Ohm 680 Ohm 
15 Ohm 820 Ohm 
27 Ohm 1 K 99d each 
82 Ohm 1.2K o r  10 lS7.50 
100 Ohni 2.2K 
120 Ohm 3.3K 
150 Ohni 3.9K 
180 Ohrn 4.7K 
390 0 hni 5.6K 
550 Ohrn 

EIMAC 4CW800F 
VHF/UHF POWER TUBE 800 Wat ts  
P l a t e  D i s s i p a t i o n .  Hea te r  26.5V 
8 1 .lAnips Tube comes wi  t h  
bypass  c a p a c i t o r  $309.99 

MALLORY CAPACITORS Type C G X  
500 nifd @ 250 VDC 
1 3 /8"  x 3 1 /8"  $3 .00 each 
740 nlfd O 250 VDC 
1 3 /8 "  x 4 1 /8"  $3.00 each 

VARIABLE CAPACITORS 
D y n a t r o n i c s  1.5 t o  23 p f  2/51 .OO 

I 
Swal low CV05E300 2 .3  t o  27pf  

2 /$1 .oo  

MR510 RECTIFIER 
3 Amp @ 1000 V o l t  
10/$2.99 100/$20.00 

1000/$150.00 
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THERMAL GLASS WARFlING 
PLATE 120VAC o r  DC @ 
120 w a t t s  130" C t o  
135"  C  + 3 (266" -275°F)  
10 3 /8"  w i d e  x 5 318" 
deep.  $ 3 . 0 0  each  

NICKEL CADMIUM 12VDC 
PACK, GE AA BATTERIES 
Pack o f  Ten 
USED, AS I S  $ 3 . 9 9 / p a c k  

NICKEL CADMIUM 17VDC 
PACK, GE C CELLS 
Pack o f  Ten 
USED, AS I S  $ 5 . 9 9 / p a c k  

HIGH SPEED SWITCHING 
DIODES 1N4148/1N914 
30151 . O O  o r  1 2 0 l S 3 . 0 0  

POTTER & BRUMFIELDIAMF 
RELAY DPDT #KUP11D15 
28VDC C o i l ,  HP @ 
120VAC o r  10 Amps @ 
240 V A C .  S i ze :  1:" x 
2" x 1:" $3.99 each 

S I G M A  STEPPING MOTOR 
f20-22350-28175 
(S in i i  1 a r  t o  S u p e r i o r  
MO-62 S e r i e s )  4VDC, 
1 .8"  o r  9"  p e r  s t e p .  
120oz / i n .  h o l d i n g  
to rque .  $31.99 each 

NEW AVANTEK GPO403 
General Purpose T h i n -  
F i l m  A m p l i f i e r  Modules 
Four p i n ,  TO-12 packare  
5-400MHz, 9db g a i n ,  
7.5db n o i s e ,  20db 
r e v e r s e  i s o l a t i o n ,  
+15db power o u t p u t  
$19.50 each 

VOLTAGE REGULATORS 
78L05 +5V 4/$1 .OO 
78L09 +9V 4/$1.00 
78L15 +15V 4/61 .OO 
7905/LM320T-5 

-5V @ lAmp $0.69 

STUD TRIACS T6410N 
40Amps, 800VDRM 
Case 263-03 $8 .99  each 

MAC1 5-6 TRIAC 
15Amps, 400V, TO-220 
$1.29 each 

2N4442 SCR Case 90-05 
8Amps @ 200V $1.25 

MCR3918-3 SCR STUD 
ZOAmps, l O O V  
Case 175-02 $3.00 
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MOTOROLA MOC3011 
TRIAC DRIVER OUTPUT 
LED T r i c l g e r  C u r r e n t  5n1A 
Peak B l o c k i n q  V o l t a q e  750 
I s o l a t i o n  V o l t d ( ~  7500 V 
$ 1 . 0 0  each  

GLOBE RECHARGEABLE GEL/ 
CELL BATTERY k G C - ? g O  
2VDC @ 8 Atlip-HR 
3 314"  h i q h  x 2 "  dpep 
2"  w i d e  NEW $ 5 . 9 9  edch  
o r  6 / $ 2 7 . 0 0  
#GC1260 12VDC B 6 Atlip- 
HR. 3 3 / 4 "  h i g h  x 
3 118"  deep x 6 "  l o n g  
NEW $29 .99  each  

MOTOROLA MD3251 DUAL 
PNP SILICON ANNULAR 
TRANSISTOR. E s p e c i a l l y  
des igned f o r  1 ow-1 eve l  , 
d i f f e r e n t i a l  amp1 i f i e r s  
VCB 50, VCEO 40, VEB 5, 
I C  50madc, 250MHz, 
Case 32 $4.50 each 

2N2894 PNP SILICON 
ANNULAR TRANSISTOR, 
des igned f o r  1 ow- 1 eve l  , 
h i g h  speed s w i t c h i n g ,  
VCEO 12, VCB 12, VEB 4, 
I C  200madc, 400MHz, 
TO-18 Case, House 
numbered $1.00 each 

MOTOROLA MMT3960 M I C R O  
MINIATURE NPN SILICON 
TRANSISTOR, h i g h  speed 
s w i t c h i n g ,  des igned f o r  
h i g h  speed c u r r e n t  mode 
l o g i c  s w i t c h i n g ,  
2250MHz, VCEO 8 ,  VCB 15, 
VEB 3 $3.00 each 

TO-3 GERMANIUM POWER 
TRANSISTOR I R  TR-OlA/ 
ECG121, PNP, AF power 
o u t p u t ,  BVCBO 65, 
BVCEO 45, BVEBO 15, 
I C  Amps 7.0,  30 Wat ts ,  
22KHz, g a i n  80 $1 .29 each 

EIMAC PLATE CAPS 
HR Type, 1 "  h i g h  X 
11/16" d iame te r ,  3 /8"  1 . O  
$6.99 each o r  10/$40,00 

CERAMIC PLATE CAPS 
Type 1 f o r  3 /8"  p l a t e  cap 
Type 2 f o r  518" p l a t e  cap 
$1.99 each 

NEW MONSANTO MAN4640A 
READOUT $1 . O O  each 

1 WATT ZENER DIODES 
IN4728 t h r u  IN4755  
F o u r  o f  sa i l~e p a r t  n u t i ~ b e r  

-.. 

SI . no  

TO-720 MICA INSIJLATOR 
2 0 / $ 1  .oo  

HIGH VOLTAGE CAPACITOR 
P l a c t i c  C a p d c i t o r \  I n c .  
gLQ80-203YA 
07 n i fd  @ 8000 VDC 

SIZP 7 ' "  x 1 ' '  S2 .99  e a ~ h  

CONCAVE GLASS MAGNIFYING MIRROR 
1 9 "  F o c a l  L e n q t h ,  8 . 5 "  d i a ~ l i e t c r  
99C each  

TEN TURN POTS removed 
f rom equipment .  :" s h a f t  
5 "  l o n g .  Model 534 S p e c t r o l  
2K Ohm, t y p e  840012053A 
TRW 2K Ohm, model 534 
S p e c t r o l  l O O K  Ohm, t y p e  
840012053A TRW l O O K  Ohm 
$2.99 each 

TURNS COUNTING DIALS FOR 
TEN TURN POTS $4.99 each 

E.  F. JOHNSON TUBE SOCKETS 
AND C A P S  #124-0311-100 f o r  
8072, e t c .  $10.99 
#124-0113-001 and #124- 
01 13-021 c a p a c i t o r s  f o r  
socke ts  #124-0107-001 
$12.99 each 

UNDELCO C A P S  
8.2pf  36pf 
1 Opf 47pf 
1 2 p f  160pf 
1 3 p f  240pf  
20pf  360pf 
24pf  470pf  
33pf  1 OOOpf 

1-10 $1.00 
11 -50 .90 
51 - U P  .80 

MOTOROLA TIP49, lArnp NPN 
POWER TRANSISTOR 
VCEO 350, VCB 450, VEB 5 ,  
40 Wat ts ,  TO-220 Case 
$1 .On each o r  10/$7.50 

MOTOROLA RF AMP MODULES 
#544-4001-002 Simi  1 a r  t o  
MHW401-2. 1 -5Wat ts  o u t -  
p u t .  .047 Wat ts  i n p u t  
440-512MHz, 15 db g a i n ,  
7.5VDC $39.99 

1 . 1  VDC Lamps 
3/16" round 10/$1 . O O  
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CRYSTW .. - (Odtl) Each v a l u e  S2.00 each CRYSTALS - - - - -- - (EVEN) 

R. F. CONNECTORS - - - . . . - . . . . . - - - 

SO-239 UHF F e n ~ a l ~  S .69 
PL-259 UHF Male  . 6 q  
2-330830-7 UHF Male  Cr imp .63 
225398-9 BNC Fe~i ia l  c  C r i ~ n p  1.29 
UG273/U BNC Female t o  UHF Male  2 .99 
UG914/U BNC Fr111a 1 e  t o  BPIC Fe~na l  e  2 .99 
UG1094/U GNC Fenla 1 P . 79  
UG260/U GNC Male  1 .69  
UG175/U ADP .39  
M23319/3-05 ENC F ~ ~ n a l e  C r i l ~ ~ p  1 . 6 9  

1  OOKC 
2.0MHz 
4.0MHz 
6.0MHz 
10. OMHz 
1  2.0MHz 
16.0MHz 
38.000 
60.0 

BNC Fen~a lc  Cr imp 81 .69 
BNC Fc111a 1 e  1.99 
N Male  3 .99 
M Ma le  3 .39 
N Male  4 .99 
N Male  4.99 
SMA Male  3 .99 
SMA Ma lc  3 .99 
SMA FPIII~ 1 e  7.99 
C Fr>n~a 1 P 3 .99  

YEW EX-CELL-0 CORPORATION. RC>IIIPX D i v i s i o n  5:" 
Model !{Fl):l>:ll. l)l5k: DKIVI , ' ? I  I f ) "  LJide. 
5 7 /8 "  t l i f ~ t i ,  I!" D r r l )  5,"Jq. '9' '  t>ac  h 

NO RFD 480 COMMIJNICATION EQUIPMENT Pc ENGINEERING CO.  
nl16.wIDF 

' '8. HIGH 
:C-157-A1 L o a d i n g  Co i  1 . Type C656 

H' Drr P 66MH S6.59 each 

Chc)i:k. rlioney 0 1 - d ~ t - ,  or- M a s t . r ~ - C ~ ~ t - d ,  and VISA wc l  c o l n ~ .  Plo p c r s o n a l  c h ~ c k ~  or- c e r t i f i e d  
pclt.c;onnl checks  f o r  tot-t3ic1n courlt.t-ic>s ~~c: tcp tc ld .  Moncy o t . d ~ r .  o r  c a s h i e r 5  chcc-k i n  U.S. funds 
o n l y .  L e t t e r s  o f  c r e d i t  ,tr.c not, dccc l ) t ah l ( ' .  Mir l i l l lu l~ i  s h i p l ) i n q  i s  52 .70 1,111s 35c/S100.00 f o r  
i n s u ~ . ~ i n i : ~ ~ .  P l c a s c  d l  low OX~. I -C I  ' h i p p i n q  cha rqps  f o r  h w v y  o r  l~.) r iq i tr111s. C . O . 0 .  f o r  cash 
o n l v .  A 1  1 p d r t s  ret,ur-ntld due t o  LIIS~OIIIPI- f? r - ro~-  o r  dec i s i o n  w i l  1  be sub jec - t  t o  a I 5  
r t>5tAock ~ h ~ ~ t - q e .  I f  wtl dl-c o u t  o f  or1 i t.?l:l order-cd,  we w i l  1  t l - y  t o  l - e p l d c ~  11. w i t h  dn f V 1 ~ a l  
o r  bc:t.ter / ) a r t  u n l e s s  ,you s p e c i f y  n o t  t o ,  01, w~ w i l l  t1ac.k o r d e r  th r l  i t c ~ r ~ ,  o r  rcfuncl  y o u r  
rltoney. PRICES SI!BJECT TO CHANGE W lTH0UT NOTICE. PI- ices supersede a1 1  [ ~ t - ~ v i o t ~ s l  y 
pub1 i s h e d .  Sorue i ten15 o f f e l - e d  at.(' l i m i  t(1d to s111al 1  r l u a l i t i  t i e s  and a r e  suh jec t .  t o  p r i o r  
s a l e .  !JSC OUR TOLL FREE NUMGER FOR CHARGE ORDERS ONLY FOR S 1 O . O O  OR MORE, NOT INCLUDING 
SHIPPING CHARGES. 800-523-361 1 . R[.quests f o r  i n f o r a ~ a t . i o n  rliust i n c l u d e  a  \ t a ~ i ~ ~ ) e d ,  s e l f  
a d d r ~ s s e d  e r ~ v e l o p e .  Rctu t -n  a u t h o r - i z a t i o n  rec lu i  r e d  f o r  exchdnge, c t -cd i  t or' r e f u n d .  PJo 
c l a i l l l s  o f  any k i n d  w i  I1 b r  a c c c o t e d  a f t e l .  60 days .  MINIMUM ORDER SlO.OC1, NOT INCLUDll\lG 
SHIPPING CHARGES. 

1 

- 

2822 North 32nd Street lUn~t #1 ::OO-'12:; 301 1 Phoenix, Ar~zona 85018 
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Short-Wave Listening 

Electronic Gear. 

(tz- CADDELL COIL CORP. 
I'IIIILTNEY, VT. 0 5 7 6  n n ? . z ~ ~ . ~ n : i  

wr tort ro WINO co,&s-rev VI 
COILS FOR MOMEIILT 

W h o  Mn 80 Msra QRP Rlp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  QSTOcl '79pl5.. .O.d 
QRP Trnsmata.l w m  m x  ........................ ARRL nmdbook DUO.. . 7 . 0  
T n a  T in  1 WAS 4 M n a  Trmvnltlr . . . . . . . . . . . . . . . . . . . . . . . . . . . .  QST M a y  . l d  p 11 .s.a 
Mlno Maw's Dream Racolm ................................ OST Srp'7bPIl. 11.l  
e M~IU OIWCI cmvrslm ~ece1v.r ............................. QST Am '78 p 12. .  .7 .0  
Amplltlcr for H W J  QRP TrmICeIVU .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OST A p  .n p Is. .ll.S 

............... narmonoc F l l l u  Ifor mbove) pr bnd 4.16 
LOW F r q u m c y  Trmsmlwa 
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WARNING 

Base plates. flat roof mounts, hinged bases, hinged sections, etc.. are not 
Intended to support the we~ght of a single man. Accidents have occurred 
because individuals assume s~tuations are safe when they are not. / I \  
lnstallat~on and d~smant l~ng of towers IS dangerous and temporary 
guys of sufflctent strength and slze should be used at all tlmes 
when lndlv~duals are c l~mblng towers dur~ng  all types of ~nstalla- 
t ~ o n s  or d~smantllngs Temporary guys should be used on the 
f~rst  10' or tower durlng erectlon or d~smant l~ng Dlsmantl~ng 
can even be more dangerous srnce the condition of the 
tower, guys, anchors. and/or roof In many cases IS 

unknown 

The dlsmantllng of some towers should be done 
w11h the use of a crane In order to mlnlmlze the 
poss~bl l~ty  of member, guy wlre, anchor, or base 
failures Used lowen i n  many cases are not as 
lnexpenslve as you may think if you are injured 
or killed. 

Get profess~onal, exper~enced help and 
read your Rohn catalog or other tow 
manufacturers' catalogs before erect 
or dlsmantllng any tower A consutta 
w ~ t h  your local, profess~onal tower 
erector would be very lnexpenslve 
Insurance 

D#u#s~on nl LJNR Inc 

6718 WeSl Plank Road 
Peorra llltno~s 61601 

I h4Gl I:(#,> tdr t l l ~ l l  , :( , t i , '  t# . \  , I:!, . 
MLF1412 N <  l l H l l t !  1n . l t , n i  M h ,  I H I l l i  
UCF120(1 NF I 11DR 61 l(1H2 NF .' .'OH 6 MA(, 1~ l I lR  ,o  
4IxH7 S l l  W 

VR:'T 1 SAhlt AS V;Z1 I H U I  FHEO .< lI1;HI 10 .1 !&HI IL IH  110 
VR?T 2 SAMt AS V7? l  1 HUT bHE0 J!I(~H/ 10 4 .'(.HZ S'IH lH7 
VK11-3 SdMt AS V 2 I  1 I iU l  k R l 0  4 Lli.Hf I04 !)(hit % R O O  
V911.I SAMf AS V i 2 l - l  H l l l  FRFO 4 i>l;HZ T O  5IIGHZ SqSDU 
VKT.1 9GHf TO I %HZ POWLR OUT I3 MW TUNING 
VOLTAGt : 10 50V Vrc + l S  V f l C  A l  60 MA 
VfdT-l SAMt AS V % l - l  HUT I R E 0  1 5 C H I  TOZ5GHZ 59800 

, :  V , , '  

,I1 , !, . t , ,  .>,I1 .1 1 8  *,I ,,",## " ' i  ,k , '? , ?* 5 (, 

Your Ham Tube 
Headquarters! 

w u w  7 . m  
S'*Icm 0122 
$19 9 1  a'% 
si:rm W' 

E F  JOHNSON Sack.1~ tor 4CX250S 1 6UX)A r r  59 95 

SEMICONDUCTORS RF CONNECTORS 

MRF 24Y5DI416 $30m PL 259 
$1195 PL 2% 
$1250 UG ITYl76 l M 1 B O  

UC 25YU $292 0. 

s 95 M 3% 
$1250 M 359 

LD AND TRADED 
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BIG SIGNAL LITTLE EFFORT 
- - - .. - - - --- - - - - .. - - - --. - -~ . ~- . ~- 

INTRODUCING ......... THE H J-SERIES COAXIAL DIPOLES AND PHASING KIT ......... 
Speclflcatrons 5 0 DBD 10-22DB FIB s Exceient Center in5uiator 

Exdrnple 
N 

rG 

Antenna Te5ted O N  7 2 r n ~  ' 4  wave spaclnq / 

at 18 at APEX 
Q 

ENDS AVERAGE HGT 6 I 

SWR FLAT o r  BELOW 1 5 t o  1 over Phone Band 
I C  r Nave , 

When Te5ting just one o f  $ Power Pd k 

2 Antennas SWR was Fl,jt Sw 'cP S o c k r t  

o r  Belc~w 5 to  1 over Entire Bdnd .&" - XMTR 
7 O t 0  7 3 M H Z  3 , > < I  

V - J *  [ , , , I  Can Be Remotev Pos 1 rip(! 

L O i ,  , P <  

- -- - - - -. - -- - - - -- 
-- - - -- -- - - --- . - - - - - - - 

FOR THE H A M  W H O  WANTS HJ-DIPOLE* THE H J  PHASING KIT CONTAINS EVERYTHING YOU NEED 
A BETTER SIGNAL O N  THE B A N D  BUT A PLACE TO H A N G  THEM ' 

BUT IS LIMITED BY SPACE OR ZONING (;onlerits * S t r i n g  Vvedther Pro@' 0 PL 259 
> Coax Tees 
1 Barrel Connector  

T L  l e r l  5hnrl 
5 Female C o n n ~ c t o r s  

I 
,) Male Phono Plugs 7 

Femdle Phorio Sockets 0 @ * 

PRO-SEARCHTM has designed quality into simplest of antennas ... Center insulator is made up of high quality 
material that is v ~ r t u a l l y  unaffected by heat, cold or impact ... wil l withstand rugged use and extreme en- 
vironments ... RG-8X has 93% shield ... Antennas are very flexible and very portable ...g ood for vacation or field 
day ... apartment dwelling ... Tuned shorts are weather-proofed with gripping covers which also add strength to t h ~ s  

... ... ... area of the antenna Stainless steel hardware, of course Antennas can be made for any frequency The most im- 
portant part, we stand behind our products ... That's a Promise ... 

-- - - 

106 RGBX 

BROADBANDED 
+ PORTABLE 
+ REQUIRES ONLY ONE SUPPORT 

C A N  WORK INDOORS 
I 

The C o a x ~ a l  Dipole is  a very qulet antenna 
w t h  s l ight ly  stronger signal punch  than d 

zonven t~ond l  d ipole This quo te  is  f rom The 
G ~ a n t  Book c f  E l e c t r o n ~ c  Projects by the  
Editors of 7 < M a a a i ~ n e  @ PL 259 

+ THE SINGLE H J  DIPOLE C A N  BE UPGRADED TO A PHASED 
ANTENNA SYSTEM AT A LATER DATE N O  TUNER RE 
QUIRED HOWEVER WITH A TUNER ANTENNA C A N  BE 
LOADED UP O N  A HIGHER FREQUENCY 

FREQUENCY 
1.8 
3.5 
7.0 

10.0 
14.0 
18.0 
21 .o 
24.0 
28.0 

1 C a b ~ n e t  
1 Power Pack 

/ 4 Short Covers / 
2 Center Insulators 
0 Sldir i less Steel ' , Screws 
'1 Stdinless Steel , N u t s  
1 Relay / \ 

i Sets of ' 4  wave coax  neb ,/ 
1100 lengths o f  coax f e e d l ~ n e  
7 Anlennas Cut and Tuned 

ALL ANTENNAS ARE ASSEMBLED PHASING LINES CUT 
AND HAVE PL 2595 INSTALLED LEAD IN  CABLES PL 259 
ARE INCLUCED BUT NOT ATTACHED FOR USER 
CONVENIENCE PHASING BOX IS ALSO ASSEMBLED AND 
READY TO USE 

SINGLE ANTENNA 
$1 39.95 

96.95 
73.95 
68.95 
64.95 
61.95 
59.95 
57.95 
56.95 

TUNED PAIR OF ANTENNAS 
$251.91 

174.51 
133.1 1 
124.1 1 
116.91 
111.51 
107.91 
105.91 
102.51 

PHASING KIT 
$110.95 

11 0.95 
11 0.95 
11 0.95 
11 0.95 
11 0.95 
11 0.95 
11 0.95 
110.95 

TOTAL 
$362.36 

285.46 
244.06 
235.06 
227.86 
222.46 
218.86 
216.85 
213.46 

LJ 5 III[I F O ~ L , I O I I  l ' , i \ * ~ ~ l l c ,  k'+>u*!~tl( :  

Prl(:es arid spec i f i ca t io i~s  subject to  c:hdrlqc, ~ i t h o u t  r l o t c e  or o t ~ i i q a t ~ o ?  
..... I,,,,;, I , ,  . ~ h , , , t , ,  , ( ' , I ,  r>,, . ,,.,, I ,  ,.,,, . .  , % ,  . . . . . . . . . . .  > , , l 3 t  t,,,, s n n !  : *  ,,,,', t h  I , , , < '  1 , ' 4 c i < i 4  'e , ' , '  ' A . . . . . . ,  



- DIRECT f r o m  ENGLAND I 
2 Meter Converter R & EW 10181 

Low nolse 144-146 to 28-30 MHz 
MOSFET Converter 

2 Meter Pro-Amp. R & EW 4182 
G a ~ n  22 db. BW 6 MHz, N F  < 1.5 db. 
zllzO 50 12 

2 Meter GaAs Pre.Amp. (Mast Head 
Mount w RIT relay) R & EW 10182 
Gain 17 db. BW 6 MHz. NF < 1.0 db. 
ZJZ, 50 11 

UHF (70 CM) Converter. R & EW 11/01 
Low noise 432-434 to 28-30 MHz 
MOSFET Converter 

UHF (70 CM) Pro-Amp. R & EW 3182 
Gain 13 db, BW 20 MHz. NF < 2 db. 
z,Izo 50 12 

23 C M  Converter R & EW 3/82 
Low Noise 1240-1325 MHz to 2 or  10 
Meter Converter 

Air Band Receiver R & EW 9-10182 
108.136 MHz. 720 Channel Synthesized 
VHF AM Receiver 

FET Dip Oscillator Rad Corn 11181 
1.6. 215 MHz (includes tone dip 
feature) 

'US O~str~butor lor RADIO & ELECTRONIC WORLD 

SEE THEM AT DAYTON 
Cata log  50 c e n t s  

Box 41 1 t i .  Greenville. NH 03048 

I (603) 878-1033 J 182 
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Covers100to 18' MHI In 1 kt41 ,>leps w~th thumb. 
wheel dlal Accurncy 1 part per 10 rnllllon at all Ire- 
quenc~es . Internal FM adlustable lrom 0 to 100 kHz 
at a 1 kHz rate Spurs and nose at least 60 dB be- 
low carrrer * RF output adjustable lrom 5-500 mV at 
50 ohms Operates on 12 Vdc (i3 112 Amp Ava~l 
able lor tmmedlate dellvery $349 95 plus sh~pp~ng 

Add on Accessories ava~lable to extend lreq 
ranqe add lnlln~te resolul~on volce and sub audlble 
lones. AM preclslon 120 dB callbraled attenuator 

Call for deta~ls Dealers wanted worldw~de 

VANGUARD LABS 
196.23 Jamaica Ave.. Hollis. NY 11423 

Phone: (212) 468-2720 fl 205 

<\I1 twr p101111~.1110~1 MU twnt-r KHKXK 
The .\MI' I.k7lTEl< IS d r v v l d  11, l l l c *  des~gn. hutldtn~. and madl 
Itraltam of amplt l~rr\ 
The AhlP l .ETER will hrlp yru Ivwer yamr hulldlng renl. prrr 
\ode stvurr- lcnr p.trls and ~nformallon. kwp ynu ahrrnsl 01 lalcsl 
Irrhn~qtws and %1,11d s la l r  d - l ~ n  
Suhsrrtpltnn c-4-I SIR  ml vr 12 ~ssurs Sample lssue S2 MI VISA 
Xl :#s lw l'harer 
TllE ,AMRI.ETTER 
7.1 Yaplc llr~w. Iludson OtI 442% 216-8s1.RIS; fl 109 

Amateur Radio Operator NAMES 
Custom ltc.15 comn!lrd In your  spccdlbraf~ons 
-Geographic b y  ZIP nnrllor Slate: b y  Age or 
B~rlhdale, b y  Llcence Issue or Explral~on 
Date on IAbrls ,>I your rhotce 

Total List: 41 1,000 Price: S25IThousand 
Call 203: 438-3433 for more ~ n f o r m a t ~ o n  

Buckmaster Publishing 
70 Florjda ti111 Rrl R ~ d q ~ f ~ e l d  CT  06877 

I July 30 thru August 12, 1983 1 
I Our 24/h year I 

Learn why the answers are what they are. 
Upgrade wi th  electronics professionals. 

OAK HILL ACADEMY RADIO SESSION 
in the 

Blue Ridge Mountains of Virginia 

T h e o r y  a n d  c o d e  together .  

Novice to  General 
General or  Technician t o  Advanced 
Advanced t o  Amateur Extra 

Evpcrt Instructor\ - Fr~end ly  Surround- 
Ins\ - Eucellent Accommodat~on\ .  

H a m  L a b  set u p  for  al l  l o  use. 

I "A Vacation with a Purpose" 
I---------------------------------- 
! C L. PETERS. KIDNJ. Dlrector 
I Oak Hill Academy Amateur Radlo Sesslon 
I Box 43 

I Name 

I Address 
I 

Call 



20,15 and 10 meters Wideband. Low SWR. No tuner needed 
Exclusive phased dual drive gives higher gain Exclusive coax- 

ial capacitors have lower losses, higher Q * Transmitter power is 
radiated not lost in the traps Full power low loss balun. Gives 
improved beam pattern 
TET Antenna Systems presents three full size trap multiband beams to meet every 
amateur need. 5 element, 4 element, and 3 element models all with the exclusive TET 
dual phased drive. This famous drive system originated with HB9CV and was perfected 
by JA3MP. When you buy TET dual drive you know you have the best. It has more gain 
- just like adding another parasitic element. And wide bandwidth so you can use your 
solid-state transceiver on both phone and CW without a tuner. 

Only the highest quality materials are used throughout. All aluminum tubing is 6061 -T6 
alloy. Stainless steel fasteners are provided for all electrical connections. Tubing is cut 
and predrilled to precision tolerances for easy one afternoon assembly. Light weight 
and low wind area designs permit use of simpler support structures. 

All models feature full 3 Kw PEP power handling. VSWR typical 1.5 or less across allof 
20, 15 and, on 10 meters. from 28.0 to 29.2 MHz. Drive impedance is 50 ohms and 

*maximum element length 27'. They accomodate masts from 1 % to 2 " diameter, with- 
stand winds to 100 mph and are furnished complete with a low loss balun that easily 
withstands full rated power. For gain and front-to-back ratio specifications write or call 
the factory. 

HB35T HB43SP HB33SP 
Boom Length 24' 7" 19' 8" 13' 2" Send for free catalog descr~b~ng these dual 
Turn Rad~us 18'10" 16' 9" 5' dnve beams. our VHF SWISS quads. roof- 
W~nd Area ~ t '  7 9 6 6 mount towers, elevat~on rotators and more 
W~nd load Ibs @ 80 mph 160 132 102 
Boom Dla 2" 2" 1-518" BY MAIL: 
We~ght, Ibs 50 38 2 7 
Price: $349.95 $239.95 $199.95 

+ sh~pp~ng + sh~pp~ng + sh~pp~ng 

Fl 
-ct tonics 

2775 Kurtz St., Suite 11 
San Diego, CA 921 10.3171 

I 
J 196 

9 
THEY'RE BACK.. . 

KENPROROTORS THE BEST THINGS RADIO 
K R 4 0 0  . . . . . . . . . 1 4gg5 come i n little packages ... 
K R 5 0 0 .  . . . . . . . . I 8gg5 

TRANSVERTERS 
432,1296, PHASE 111 THE BARGAIN AT $ f 495, , f  , , ,L,  7 1 

LC SASE CATALOC/DAYTON 83 
A no frills directory of over 

' LOCATION 41 1,000 U.S. Radio Amateurs. 
8% x11, easy t o  read format. 

b Completely updated. 
5717 NE 56th, SEATTLE, WA 

206-523-6167 , 189 98105 (M' Also available for the 

3 first time ever- 
i A l ~ ~ 1 1 , ~ t ~ ~ ~ t ~ ~  ,11!y , I~~,I !~<I~\CI S,ol<l ~ 6 . r  ,~ r ,$ l * .~vz  

DIPOLE /ANTENNA CONNECTOR @. Geographical Index 
""EOUt ("0 I, o1*o<r i i inncclal "4% Loan 

by Sl;lte. C ~ l y  and S l r i ~ r ~ l  No and C.111 
5 0  119 70rhel mnldM ,"lo plals l m l l ~ O  pla.l#c 
DO", l<> .r,,.., C".. PL 2.11 E#,,Q on l.rai.". 

4 Name Index 
".~o,.D"rrr,.ro.. I.!l,np."'* in,lrurl,,,n.I,. . ruljnj c u a o n w r u  rl r ~ u l  ucatrrs 0 8  ssm by  Name and Call 
po.1pId < ~ , n l g n n ~ n  n \ < ~ l a l o ( r l l  1Yp( 

Ordering Inlorrnal~on 
BUDWIG MFG. CO. PO BOX 829. Ramona. CA92065 Directory-$14.95 
/ 122 Ca Res add6-6 Sales Tar Geographical Index-$25.00 

NEEDS NO RADIALS.wn - Name Index-$25.00 

TRADE NEW nd USED EQUIPMENT MATCHING DEVICES Add $3 00 Shtpp~ng to a i l  orders 

NUTS & VOLTS MAGAZINE 
BOX I l l I-H . PLACENTIA. CA 92670 

DealerrlClubs inquiries welcome 
(714) 631.7711 ISOTRON 40 ISOTRON 20 Send your order - enclos~ng check or 

Jon T h o u d r  of Readen Nation& ;I IN. HIGH 17 IN.HIGH money order ~n I J  S dollars lo 
E v y  Month 

ONE YEAR U.S. SUSXRIPTIONS 
57.00. 3rd U.s . 111.S0 - I* CI", 

ON PERFORMANCE Buckmaster Publishing 
SMALL O N  SPACE 70-I1 1 Ior~ i l .~  t 1 1 l l  K o . ~ r l  

s11.00 - W.6". - 3rd Clu 

*BILALCOMPANY 
R I ~ ~ ( * I I ~ * I ~ .  ( I OI>:~-- I \ ,\ 

/ 174 (918) 253-4094 

STAR ROUTE 2 EUCHA. OK 74342 
1 I 

More Details? CHECK- OFF Page 132 r/ 119 May 1983 123 



A A H O  S LARGEST DFAI FR 

"HAMS SERVING HAMS" fi 
Lovvest Prices in TVRO 

I I INTRODUCING 
The HAWKEYE 7.5' Dish 11 
.3 F/D -1  piece fiberglass, 

weighs only 80#. True poiat+ 
mount, buttonhook feed. 

w SYSTEM PRICES 
SAT-TEK RSOOO.. . . . , . . . . S1550 
AUTO-TECH GLR 500. .Sl650 
KLM Sky Eye IV  .......... $1 750 
DRAKE ESR 24 ........... $1 850 
All packages include: 7.5' dish, 
Polormount, Polorotor I f  
Polarizer, 100' K LNA, 
modulator and cobles. 

I I Other receivers ovoilabte 
upon request. 

PRODELIN 10' Dish -37 F/D, 
8 panels, fiberglass. The 
ultimate in 4 GHZ dishes. 

SYSTEM PRICES 

DEXCEL DXR 1100 
with LNC - stereo ....... 
DRAKE ESR 24.. . . . . . , , . . $2094 
AUTO-TECH GLR sao..S2360 
AUTO-TECH GLR 520..$2165 

AUTO-TE~H GLR soo..S 1994 

I I LUXOR STEREO, Infra-Red 
remote control .......... $2395 I I 
UNIVERSAL COMMUNICA* 
T O N S  

DL2000.. . . . . . . . . . . . . . . . . . . S1999 
All packages include 100' K 
LNA or L N C ,  Cables,  
Modulator ,  Dish, Polar- 
mount, Polatron I 1  Polarirer. 

FOR FREE CATALOG OR 
ANYTHING IN TVRO, CALL: 

(208) 466-6727 
312 12th Avenue South 
Nompa, ldoho 83651 

I WMTOC K17D 
I 
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flea H-t market 
RATES Noncommercial ads 100 per 

word; commercial ads 600 per word both 
payable in advance. No cash d i s c o u n t s  or 
a g e n c y  commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad ( s u b j e c t  to our e d i t i n g )  on a space avail- 
able basis only. Repeat insertions of ham- 
fest ads pay the non-commercial rate. 

COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed (not all capitals) 
and must include full name and address. 
We reserve the right to r e j e c t  unsuitable 
copy. Ham Radio cannot check each 
a d v e r t i s e r  and thus cannot be held respon- 
sible for claims made. Liability f o r  correct- 
ness of material limited t o  corrected ad in 
next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville. N. H. 03048. 

QSL CARDS 
QSLs a RUBBER STAMPS - Top Qual~ty! Card Samples 
and Stamp Info - 500 - Ebbert Graphics 5R. Box 70. 
Westerv~lle. Oh1043081 

QSL'S by W4TG. Prices from 516 per 1000. Send SASE to 
PO Box F. Gray. GA 31032. 

TRAVEL.PAK QSL KIT - Converts post cards, photos 10 
OSLs. Stamp brlngs circular. Samco. Box 203.c. Wynant. 
sk~ll. New York 12198 

QSL SAMPLES: 2%. Samcards. 48 Monte Carlo Drive. 
P~ttsburgh. PA 15239 

DISTINCTIVE QSL's - Largest selection, lowest prices. 
top quality photo and completely customized cards. 
Make your OSL's truly unlque at the same cost as a stan. 
dard card, and get a better return rate! Free samples, Cat- 
alogue. Stamps appreclated. Stu K2RPZ Prlnl. P 0 .  Box 
412. Rocky Polnt. NY 11 778 (516) 744.6260. 

- - 

QSLS'S: NO STOCK DESIGNS! Your art or ours; photos. 
or~g~nals. 50. lor samples 8 detalis (refundable). Certl. 
lied Cornmuntcations. 4138 So. Ferris. Fremont. Mlchl. 
gan 49412. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rsdlo 4uslr8n t i  $!?I llad!o Hnlland 
F Bast1 F'c>?!L>$,% 4 1  I 
HaMtpllll5 NL IH( l0  A ?  Fmmen 
A 2700Wtl)ner Neustiral t<<,Il,+rvl 
A U S I I I ~  

Hsm Radlo Orlglum 
Sle~eot ious~ nam Rsdto ltaly 
01~0seI~sI~enweqII6 V!a Pordnnone I 7  
8 92rRGenl I 101 I? Mllana 

R~lglurn Ilal" 

Ham Ra61oCanada 
80.4W GWCllch 
Ontarlo Canada N7A 4C7 Ham RMto S*lolzerland 

Irrnn Urmr 
Ham Raata Eurow Por~lact 24% 
8". a44 D IR'A Loerca~h 

s I W  04 u~plands VaPay WPI! (.rrrrnany 

Swmrn 
Ham Rsdoa France 
SM EI~CC-I~OIIIC 

Ham Raaro UK 

m am &re ass c~wons 
P 0 80.63 Har,ow 

F 89000  AuxnrrC 
Mtdalere. HAISHS 

France 
Enoland 

Ham Rsdlo Germany 
%arm Uebsf nollana ~aalo 
Posttach 2454 143 Greenway 
D r8SOLwrtacn  Green~8ae J0mannesaur0 
WCI~ Germany Re~ublsr o l  Soun Alrlca 

CHASSIS and cabinet kits. SASE K3IWK. 

HAS ANYONE mated a Heath Monltorscope SB-610 to 
an all solid state receiver. hopefully Kenwood R.599-0. 
Any help appreciated. WOPCW. Box 26. Halstead. KS 
67056. (316) 8352094 collect. - 
YAESU FT-ONE General coverage transceiver with every 
option including FM. Curlis keyer and scanning micrm 
phone. List $3700. Tax sale 52250. Yaesu FL2100Z. BQ10 
meter linear $350. Dentron MT2000A 3KW Antiluner 
5200. N6ABE (415)881.5429any tlme 

MAILING LABELS. club secretaries, small business 
owners. Save time, computerize your mailing list, labels. 
soft by z ~ p  or last name. Small setup charge, flle malnts 
nance. quick turn around. Hal. WB6WXO. PO Box 333. 
M~dway City, CA92665. 

KTSB Multi.Band Antenna 180-80m (WARC) $59.95, ln- 
struction manual $3.00, 2 KW + center connector $8.50. 
Kilo-Tec, PO Box 1001. Oak Vlew, Cal. 93022. Tel (805) 
646-9645. 

WANTED: SB 500 2 meter transverter wired for use with 
SB110 6 meter transceiver. Manual desired but not nec- 
essary. Must be operatlonal and In good condition. R.C. 
Lutz, KABOCE, 3217 Madison, Rd., Plnckney, MI 48169. 

- 

VIDEOSCAN 1000 Slow Scan N - High resolution 
(Amateur, phone line, surveillance, teleconferencing). 
Code'Star - decode Morse. RTTY. ASCII. Large LEDs or 
connect computerlprlnter. Morse.A.Keyer - CW key- 
board. Tri-voltage power supply. K~tslassembled. Free 
brochures. Mlcrocraft Corporation. Box 513.HR. Thiens- 
vllle, WI 53092. (414)241-8144. 

ENGINEERING DATABOOKS. electronic deslgn maga- 
zlnes, radto magaztnes, some from 1930's. manuals. 
electronics books. machlne shop maqazlnes, porcelain 
tnsulators, many other parts and equlpment on large Ilst. 
5 pages SASE please Joseph Cohen. 200 Woods~de. 
Wlnthrop. MA 02152 

ELECTRON TUBES: Receiving, transmitting, microwave 
. . . all types avallable. Large stock. Next day dellvery 
most cases. Dally Electronlcs. 14126 Wlllow Lane. Wesl- 
mtnster. CA92683. (714)894.13MI. 

-. - 

TEKTRONIX Plug-ins 1A4. $175. 1Al. $125. HP.430C 
meters. $15. Panoramic spectrum analyzer. panadaptor. 
other test equipment, many test equtpment manuals. 
parts, etc. on huge shack clean-out list. Send long SASE. 
Joseph Cohen. 200 Woodslde. Wtnthrop. MA 02152. 

-- - 

BUY SELL TRADE - Next 6 issues $2.00. WA4OSR's 
R~gs &Stuff. Box 973.H. Mobile. AL 38601. 

ROHN TOWERS: Wholesale direct to users. All products 
avallable. Wrtte or call for price list. Also we are whole. 
sale distributors for Antenna Specialtsts. Regency. Hy. 
Galn and Wllson. Hill Radlo. PO Box 1405. 2503 G.E. 
Road. Bloomlngton, lL61701-0887.(309)663.2141 

-- - 

PRE-1946 TELEVISION SETS wanted for substantial 
cash. F~nder's fee patd for leads Also lnteresled In spln- 
nlng dlsc, mlrror ~n.the-lld, early color sets. 9AP4 picture 
tubes. Arnold Chase. 9 Rushle~gh Road. West Hartford. 
Conn. 06117 (203)521-5280 

MUSEUM now open for radio hlstorlans and collectors. 
Free admlsslon. Old time Amateur (VJ2AN) and commer- 
clal statson exhlblts. 1925 replica store and telegraph 
displays. 15.000 Items. Wrlte A.W.A. lor delails- Bruce 
Kelley. W2ICE. Holcomb. NY 14469 

-- 

WANTED: Hlghest prices paid lor Harrls RF 301 and 
assoc~ated equlpment. Call collect (212) 9256048. 

- 

YAESU FTlOl xcvr. sin 107354.10.11.15.20.40.80 M In- 
cludes moblle mtc.. 600 Hz CW filler. AC and DC pwr. 
cords. manuals. Bullt.ln AC and 12V suppiles Mint cond 
$450. Mocom 70. U43BBA3000A Tuned to 2M 45w. P.L.. 
clean. w ~ t h  accessories. manual. $275 R Grimes. 
W6RYS. 3212 T~gerta~l Drlve. Los Alamltos. Calil. 90720 
(213) 594.0065 

-- 

WILL SELL to highest reasonable offer. Weston Model 
537 AC and DC Radlo test set. With original book and 
test leads. Have OST from January 1968 through Decem- 
ber 1972. Otto Cordray, 801 N. Temple St.. Caidwell. 
Texas 77836. 

ANTENNA 5 band d~polellnverted V, ready to install 
Send SASE lor ME 5 lnformat~on Myad Electronlcs, 
Dept H RD 1. Box 138 L~nwood. NJ08221 

- 

MARCONI WIRELESS TELEGRAPH CO. Stock Certlfl 
cates Authent~c 1914 cert~l~cates, trom the ploneerlng 
days of radlo, are rare antlques and valuable Invest 
rnents Su~table lor framlng Only 53895 ~nclud~ng h ~ s  
torlcal pamphlet Satlslactlon Guaranteed Free tnlorma 
tlon Tarlen Box 7554 M N Kansas Clty. MO 641 16 

APPLE contest logglng and checklng package All con- 
tests lnclud~ng advanced realtlme SS Dtsc $25 Other 



Ham software available. Information: AnTech. POB 8964. 
Fort Collins. CO 80525. 

WORK THE FULL-BAND" MOBILE IDNITION SHIELDING. Estes Engineering, 930 
Mar~ne Dr., Port Angeles. WA 98362. 

free of narrow band antenna limitations 
WITHOUT ANTENNA TUNERS 

2.0 2.0 

TYPICAL FULL-BAND PERFORMANCE 

CABLE CONVERTERS. decoders. Free catalog. APS. 
POB 263 HR. Newport. Rt 02840. 

- 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One 
year $7.00. Beginners RlTY Handbook 58.00 includes 
Journal index. PO Box RY. Cardiff. CA 92007. 

TELEGRAPH AND WIRELESS keys wanted. Advise of 
identifica1ion.conditionand postpaid price. Dlck Randall, 
KGARE, 1263 Lakehurst. Livermore. CA 94550. 

MANUALS for most ham gear made 193111970. Send 
$1.00 for 18 page "Manual List".postpaid.HI.MANUALS, 
Box R802. Council Bluffs. Iowa 51502. 

SATELLITE TELEVISION: Free wholesale price list. 
Know the facts with "Handbook and Buyers Guide" only 
59.95. Communications Consultants. PO Box 5099. Fort 
Sm~lh. Arkansas 72913. ... I.., .& JDEL NUMBER MHz 

......... ................... 1.77 ... FB-160 2.02 
............... ........ 3.5 ... FB-75/80... 4.0 

.................... .................... 6.7 FB-40 7.6 
. FB-20 ..... 15.1 

. . FB-15 ..... 22.6 
..... FB-lo/ 30.7 

+,., .................... FB-6 .................... 55.5 

WANTED: Schematics-Rider, Sams or other early publi. 
catlons. Scaramella. P.O. Box 1. Woonsocket. RI 
02895.0001. 

RETlRtNOto Florlda. Must sell 30-year accumulation of 
Ham gear, parts, Ham and technical books immediately. 
Sacrifice prlces. Send SASE tor list. Dino Mastrojohn, 10 
Madeleine PI.. Parsippany. NJ 07054. W2Ull. 

WANTED: Early Hallicrafter "Skyriders" and "Super Sky- 
riders" with silver panels, also "Skyrider Commercial". 
early transmitters such as HT-1. HT-2. HT.8, and other 
Haltlcrafter gear, parts, accessories, manuals. Chuck 
Dachls. WD5EOG. The Hallicrafter Collector. 4500 Rus. 
sell Drive. Austin. Texas 78745. FULL-BAND@ MONOBAND DIPOLES 

EXTREME BANDWIDTH WITHOUT COMPROMISE RUBBER STAMPS: 3 lines 53.25 PPD. Send check or MO 
to G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. 
SASE brings ~nformatlon. 

WANTED: New or used MS and coaxtal connectors, syn- 
chros, tubes, components, military surplus equipment. 
Bill Willams, PO Y7057. Norfolk, VA 23509. 

VERY In.ter-ert.lng! Next 5 issues $2. Ham Trader 
"Yellow Sheets". POB356. Wheaton. lL60189. 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours - AMIFMISSBICW. Certlf~ed Communlcations, 
4138 So. Ferr~s. Fremont. Mlchigan 49412; (616) 
924-4561. A l l  Full-Band An tennas  look alike, except for  length. Pictured is the model FB-40 

which, w h e n  extended,  measures 66'3" f r om tip to tip ( inc lud ing end insulators). HAMS FOR CHRIST - Reach other Hams with a Gospel 
Tract sure to please. Clyde Stanlleld. WA6HEG. 1570 N. 
Albrlpht. Upland. CA 91786. 

-- 

PLANS. CIRCUIT BOARDS. AND KIT PARTS (author 
approved) tor Leach's construction projects. Power 
amps. preamps, preamps and loudspeakers. Send SASE 
for information. Custom Components. Box 33193. Deca. 
tur. GA 30033. 

. Patent Applied for Design Self- . Tested and Approved By: 
Compensates for Frequency Ham Radio Magazine 
Change. CQ Magazine 
No Resistors, Capacitors or QST Magazine (ARRL) 
Power Robbing Networks. Install as Flat-Top, Inverted "V", 
Linear Response Assures Sloper, Phased Array, etc. 
Maximum Efficiency from l Shipped Complete, Ready to 
Microvolts to Full Legal Connect to Your 500 or 72 n 
Power-and Minimum Inter- Coaxial Feedline. 
ference with Other Services. UPS or Postal Shipping Paid in 
Ideal Antennas for Use with Continental United States 
Automatic Power Shutdown Rigs. Use MC, Visa. Check or Money order. 

Coming Events 

"Places to go ..." 
ARKANSAS: The Northwest Arkansas Amateur Radio 
Club's 3rd annual HamfestlSwapmeet, Saturday. May 21. 
Rogers Youth Center. 315 West Ollve Street. Rogers. 8 
AM to 4 PM. Free admission. Commercial exhibitors and 
flea market tableslspace 52.00. Setup 6 AM. Free park. 
Ing Relreshments nearby. Snack bar on premlses. Talk 
In on 146 161.76 or 146 52 slmplex. For more ~nformatlon. 
Mary Webb. KA5HEV. PO Box 338. Prairie Grove. AR 
72753. 

FACTORY DIRECT PRICES 
Model No. Length Shipping Wt. Price 
FB-160 248'9" 1 1 lbs. $1 79.95 
FB-75/80 126'7" 6 Ibs. 134.95 
FB-40 66'3" 5 Ibs. 109.95 
FB-20 32' 4 Ibs. 71.95 
FB-15 24'6" 3 Ibs. 66.95 
FB-10111 16'6" 3 Ibs. 61.95 
FB-6 9' 3 Ibs. 57.95 

Prices include shipping in continental U.S.-Canada, HI and AK add $5.00 
shipping and handling. C A  r e s i d e n t s  add sales tax .  W r i t e  or phone f o r  

spec i f ica t ions and prices fo r  antennas for  o ther  f r equency  bands. 

CALIFORNIA. The North Hills Radio Club's 11th annual 
Sacramento Valley Hamswap. May 1. 9 AM to 3 PM. 
Placer County Fairgrounds. Rosev~lle. Free admlsston. 
Tables 56 to S8. Ta~lqate sltes 55.00. Talk In on K61S re- 
peater (144.591145.19). For ~nformatlon, Doug Long. 
KB6ZR. 8810 Swallow Way. Fa11 Oaks. CA 95628 (916) 
961 0728. 

CALIFORNIA: West Coast VHFIUHF Conference spon- 
sored by W6GD UHF Society. May 7 and 8. Sunnyvale 
Hllton inn. 1250 Lakeside Drlve. Sunnyvale. S8 pre.regls. 
tratton by Apr~l 27. 1983 $10 door. Dtsplays, programs. 
DX and contest operating, computers, swap and flea 
market. Saturday evenlng banquet. For ~nformatlon. 
West Coast VHFIUHF Conference. PO Box 4101. Fre. 
mont. CA 94539 

YM' 
SNYDER ANTENNA CORPORATION 

250 East 17th Street Costa Mesa. CA 92627 
COLORADO: The Rocky Mountaln VHF Soc~ety's annual 
Swaplest. Sunday. May 22. 9 AM to 4 PM. Colorado Na. 
tlonal Guard Armory. 4750 North Broadway. Boulder 

Telephone orders-24 hours a day, seven days a week: (714) 760-8882 
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SATELLITE 
TELEVISION 

SYSTEMS 
WE WILL NOT BE UNDERSOLD!! 

Complete Systems, Antennas, 
Receivers, LNA's & Accessories 

CALL US TODAY! 

81 2-238-1 456 

BEAM ANTENNA HANDBOOK 
by 0111 Orr, W 6 S A I  

Recommended readlnq Commonly asked quesllons l ~ k e  Whal IS Ihe besl 
element spdc~ng? Carl dlllerenl yagt anlennas be stacked wtthoul loslng 
performance? Do monoband beams oulperlorm tr~banders? Lots 01 conslruc 
llon prolecls d~agrams and pholos 198 pages 1977 l s l  e d ~ l ~ o n  
ORP-BA Softbound $5.95 

SIMPLE LOW-COST WIRE ANTENNAS 
by Bill Orr, W 6 S A I  

Learn how lo bu~ ld  slmple economical wrre antennas Aparlmenl dwellers 
take nolel Fool your landlord and your nelqhbors wllh some 01 Ihe lnvls 
~ b l e  antennas found here Well diagramed 192 pages 1972 
LI RP-WA Softbound $6.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by W~ l l~am I .  Orr, W6SAI and Stuart Cowan. WZLX 
Contains 101s ol well llluslraled conslrucllon prolecls lor ver l t~al  lorlq wlre 
and HFIVHI beam antennas There IS an hones1 ludgmenl 01 anlenna galn 
l~gures lnlormat~on on Ihe besl and worsl antenna local~ons and t le~ghls a 
long look at Ihe quad vs the yagl anlenna lnlormat~on on baluns and how 
to use lhem and new ~ntormal~on on the popular Sloper and Della Loop 
antennas The lexl IS based on proven dala plus pracllcal on Ihe alr experl 
ence The Radlo Amateur Antenna Handbook w ~ l l  make a valuable and often 
consulted relerence 190 paqes 1'178 
[ J RP-AH Softbound $6.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by 01ll Orr, W 6 S A I  

The cuhlca quad anlenti,t 1s cons~dered by many to be Ihe besl DX anlenna 
because ol 11s slmple ltqhlwe~qhl des~gn and htqh performance You II ltnd 
quad destqns lor everylh~ng from Ihe s~ngle elemen1 lo Ihe mull1 elemenl 
monster quad plus a new h~gher gatn expanded quad (X 0) destgn 
There s a weallh 01 supplemenlary data on conslructlon feedlnq lunlng 
and mounllng quad anlennas 112 pages 1977 
L3RP-CQ Softbound $5.95 

Please add $1 00 lo cover sh~pplng and handllng 

HAM RADIO.'S BOOKSTORE 
GREENVILLE, NH 03048 / 143 

Porta-Tenna 518 

TELESCOPtC VHF 
6 UHF 518 WAVE FOR HTs 

High Quality Max~murn Performance 

G a ~ n  (ref ' / A  w a v e  hel~cal )  ' 6dB mln  
Bandwldih V H F  (1 5 1 VSWR)  3 5MHz mln  
Bandw~dth  UHF (1  5 1 VSWR)  10MHz man 
Maximum power 5 watts 

~ n e a o r  hlPe BNC 

LENGTH WlBNC CONNECTOR 

Band Extended Collapsed 
3 4~ 4 4 ' 4  (1124mm) 8 ' "  (207mm) 
I'.M 3 2 ' ~  (815rnm) 7'4 (197mm) 
3 4 ~  1 7 3 1 6 ( 4 3 5 m m )  6 5 1 6  (160mm) 

W N o .  Band Freq.Mk 
191-214 2 M  144-148 
191-814 1 ' aM 220-225 
191-914 440-450 

Models also available for 
148-174 and450-512 MHz 

PRICE - $19 9 5  ppd to 48 states n a  U P S  
For a r  dellvery add  $1 50 
Fbda  residents add $1 00 sales tax 
Payment by M 0 or cashiers c k  only 

Dealer Inquiries Invited 

RF PRODUCTS 
P 0 Box 33. Rockledge. FL 32955 

(305) 631 -0775 
* 

LED 

n:-r.-a 

Direction t Circular 
Display 

t Optional 
Display 

t Optional 
Interface 

t 12 VDC GVWI~LIUII 

,r Fixed 
Serial 

t led Units 
..I,- 

t 90 Day V 

rts any VH 
- . . - 3 .  . - 

New Technology (parent penalng) conve I 
Doppler Direct~on Finder. Simply plug into recelver s anrenna anu e x l e r r i a l  svaana< 
jacks. Use any four omnidirectional antennas. Low 
signal detection. Kits from $270. Assembled units an( 
write for full details and prices. 

iver into ar 
--A 

I advancec 
. - I  ---- ,.-. 

noise, hig 
j antennas 

h sensitivil 
also availa 

!y for weak 
~ble. Call 01 

d DOPPLER SySFMC 5510 E. Lnaner ,CJVL) 9!%-1151 
Scottsdale, AZ 85: I 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

12033 Otsego Street, North Hollywood, Calif. 91607 

ln Germany Elcktron~klaaen W~lhelrn - Melltes Slr 88 4930 Dctrnold 18 Wesl Germany 
~n Japan Tayomura Electron~cs Company. Lid 7 9 2 Chome Sola Kanda Chlyoda Ku Tokyo. Japan 



STEREOS AND 
MUCH MORE 

ENERGY 

P 0 BOX 339 DEPT HR 
REDWAY. CA 95560 (707) 923 2277 J 105 

A I 

FROM TAYCO ... 
LUGNAVOX FV 25 - 26 CHANNEL 

CAELETVCONVERTER 
and REMOTE CONTROL 

Get The Most From Cable T V 

VHF-MIDBAND-SUPERBAND 
e ~ l d  UQ - -vm .ssv w t t o n  1uh0 

horn up lo 25' away l Perfect lor the bedam TV 
S.m mr on TV  I-. aMid coslb r w m s  
l Ides1 tor lh l Easy 5 mhule nUMm 
0 R . c . h a t h o r m  chswwhyovrTVcrn?O.( 
l Works n(h MY TV l 90 Day G ~ l w  

2.- SpHlr 2.19 
o n l v m  

MmH Or&r SPECIAL 
"F" Rtlhwe 23- .101t.80 
8*bm RW58 .11/fl. $49.95 

24 Hour Order Llne NYS *dd Tu 
(607) 962-731 3 

+4 25mg 
a n , 2  - W e  Pay Shlwha 

Order Dnect Flom can's - $1 50 ezbn 

TAYCO COMMUNICATIONS 
R3. 146A Narrows Ck Rd - Cornlng N Y 14830 - + *LERS W E D  - b 

PPD 

F S N  - NaN - YSTV - SSN 

FAX - 4 P  SSYIYE - bl l€LL IT€¶ 

IICIOWAVI - M Y I U T € l S  

r r c rn  - DIOIIAL rrcwwmu€a 
12lSSUESPER VEAR 

AMATEUR TELEVlf ION 
MAGAZINE '" 

"OUR 16TH YEAR - SINCE 1967" 

W a c .  Surf.<. Atrm.11 *I-18 
U SJC.n.de All  C.nl8.l Lll 0Ih.l 

Y.xro For*gn S Arwrs. Fwelpn 
, yea, s > , , M I  S !lee s .'< MI s 21 XJ 

I s m 1x1 s m *, s 60 rx1 s 46 8x8 
7 yen* S W W S WOO S 78 In S WlKl 
31caf S KCRl S I4U3 SllhCXl S 1 1 4 L X I  

More Details? CHECK- OFF Page 132 

Admission 52.00. No additional charge for display 
tables. Seminars, refreshments and lots of fun! Talk in 
on 146.16176 and 146.52 slmpiex. For additinal Informa- 
tion call (303) 494-6291 - 
FLORIDA: When visiting Florida, stop In at a Welcome 
Center and get a complimentary ?-meter directory and a 
refreshing glass of iulce. Cloverleaf Farms Amateur 
Radlo Club and Cloverleaf Farms Manufactured Homes 
Community have cooperated to brlng this service to 
hams traveling In Flor~da. 

GEORGIA: The Anderson. Hartwell and Toccoa Amateur 
Radlo Clubs' 5th annual Lake Hartwell Hamfest. May 21 
and 22. Lake Hartwell Group Camp. Hartwell. Free ad. 
mission, free camping and free llea market space. A left. 
footed CW contest, horseshoes. fishing, swlmming and 
more lor the whole family. Campgrounds open 6 PM Fri- 
day evenlng. Talk In on 146.191.79, 147 931.33 and 
146.8951.295. For further ~nformation: Ray Pettit. 
WB4ZLG, Rt. Y1. Dwley Drive. Toccoa, GA 30577. 

-- 

IDAHO: Kwtenai Amateur Radio Society's Hamfest '83. 
Saturday. June 11. North Idaho Fairgrounds. COeur 
d'Alene. 8 AM to 4 PM. Free swap tables, large RV park- 
ing area. Food available. Talk in on 146.38198 or 146.52 
slmplex. For further inlormation: Vladim~r J. Kallna. 
South 1555Signal Point Road, Post Falls. ID8385-4. 

-- - 

ILLINOIS: The Six Meter Club of Chicago is having their 
26th annual Hamfest. Sunday. June 12. Santa Fe Park. 
9151 and Wolf Road. Willow Springs, southwest of Chi- 
cago. Gates open 6 AM. Advance registration $2.00. 
$300 at gate. Large swapper's row, picnick~ng, pavilion 
displays, refreshments. AFMARS Meet~ng. Talk In on 
K9ONA 146.52 or K9ONAIR 37.97. For advance tickets: 
Val Hellwig. K9ZWV. 3420 South 60th Court. Cicero. IL 
60650. 

INDIANA: The 4th annual MAARC Hamfest. May 22, Del- 
aware County Fairgrounds. 8 AM to 3 PM. All activities 
inslde. Fla market tables 55.00. Tickets $2.00 advance. 
$3.00 at door. Free parking. Food, forums, computer dts. 
plays. Talk inon 146.13173. 146.52, 223.101224.70. For fur. 
ther information: Craig Graham. WD9EHF. RR 12. Box 
86. Muncie. IN 47302. 

INDIANA: The Wabash Valley Amateur Radio Associa- 
tlon's 37th annual Hamfest. Sunday. June 5. Vigo County 
Fa~rgrounds. Terre Haute. For more information SASE to 
W.V A.R.A.. PO Box81,TerreHaute. IN 47808. 

-- 

INDIANA: The Tristate Amateur Radio Society's annual 
Harntest. Sunday. May 15. Vanderburgh County 4H Cen- 
ter. Evansville. Adrn~ssion $2. Open 6 AM CDT. Indoor 
tables available. Outdoor l lea market. Talk In on 
147.751.15 and 146.191.79. For intormat~on and table res- 
ervatlons: Hal Wllson. WB9FNN. RR Y8. Box 4278, 
Evansville. IN 4771 1. 

.- 

KANSAS: The Central Kansas Amateur Radio Club's 3rd 
annual Kansas State ARRL Convention, June 4 and 5. 
Red Coach Inn Convent~on Center. West Crawford and 
1.135, Sallna. Programs lor Hams. non-Hams and ladies. 
Free flea market adjacent to Center. Saturday evening 
banquet and entertainment. For further informallon 
SASE to Bill Rlngqulst. KACUF. RR I 1  Box 155. Gyp. 
sum. KS67448. 

.- 

KANSAS: The Pittsburg Repeater Organ~zation's annual 
Hamfest. May 15. 10 AM to 5 PM. Lincoln Center. Llncoln 
Park. Plttsburg. Covered dish dlnner. flea market. Admls. 
slon $1.00 at door 

.- 

KENTUCKY: Northern Kentucky Amateur Radio Clubs 
annual Ham-A-Rama. Sunday, June 5. Burllngton Fair. 
grounds, Burllngton. Tlckets $5.00 at gate. Flea market 
space $3.00. Vendors. nets and group meetings. Re- 
freshments ava~lable. Talk In on 147186 and 3751975. For 
~nforrnatlon: Dlck Johnston. WA4KUB. 31 13 Brookwood 
Dr. Edgewood. KY 41017 (606) 341.8759. 

- - 

MARYLAND: The Maryland FM Association's annual 
Hamfest. Sunday. May 29. Howard County Fairgrounds. 
West Frlendshlp. 8 AM to 4 PM. Donation $3.00 Tallgat. 
Ing $3.00. lns~de tables In advance 56.00 each. at door 
SlO.00each. Talk In on 146.16176and 146.52 For inlorma. 
tlon and table reservatlons: MFMA HAMFEST COMMIT. 
TEE. c/o John Elgln. WA3MNN. 5495Apt2. Harpers Farm 
Road. Columbia. MD 21044. (301) 596-3741. 

-- 

MICHIGAN: The Chelsea Communicalions Club is spon. 
sorlng a Swap 'N Shop. Sunday. June 5. Chelsea Fair- 
grounds, 8 AM to 2 PM. Gates open for sellers 5 AM. 
Donat~on $2.50 advance. $3 00 door. Children under 12 
and non.ham spouses adrn~tted free. Talk In on 146.52 
simplex and 147.855 Chelsea repeater. For informallon: 
Wlll~am Altenberndt, 3132 Timberline. Jackson. MI 
4920 1. 

MICHIGAN: The Independent Repeater Association of 
Grand Raplds wlll hold 11s annual Hamfesttval. Saturday., 
June 4.6 AM to 4 PM. Wyomlng Nattonal Guard Armory 
on 44th St. east of US.131. Dealer setup6 AM. Free table 
space to all sellers Admission $3.50. ATV. satellites. 
contests, computers. MARS and schack photo contest. 
Huge swap area. Talk in on 147.165/147.765. For ~nforma- 
tlon and table reservatlons: John Knoper. KCBKK. (616) 

I DELIVERS 

I RELIABLE 
I 

I 

ALL BAND HF 

I Don't miss our 30 meter excitement. 
HUSTLER - 

STILL THE STANDARD OF PERFORMANCE. 

3275 North '0 ~ v e &  
Kiss~rnrnee Florida 32741 

- 
J 150 
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CB TO TEN METER 
CONVERSION KlTS 

KlTS f o r  AM-SSB-FM 40Channei PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in- 
s t a l l a t i o n  with minimum time and equip- 
ment 
BAND COVERAGE f l ex i b i l i t y  provides 
up to 1 MHz coverage for most PLL 
chassis. 
PRICES Low cost prices range from 
$8.00 t o  $50.00 

A l l  kits are in stock including 
several d i f f e r e n t  FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 

CRYSTAL SUPPLY COMPANY 
P.O. Box 183 

Sandwich, Ma. 02563-0183 
(61  7) 888-4302 r /  153 

......................... 
$ QUALITY MICROWAVE TV SYSTEMS $ ......................... 

Complete Systems From $6gg5  $ 

534.5501 or I.R.A.. 562. 92nd Street S.E.. Byron Center. 
MI 49315. - 
MINNESOTA: NARA is again sponsoring the state's iarg 
est swaplest and exposition of personal computers and 
software, June 4. Minnesota State Fairgrounds, Snelling 
Avenue, north of 1.94. Large indoor commerclal exhibits 
and booths. Giant outdoor Ilea market. Admission $4.00. 
For more lnformatlon or dealer inquiries: Amateur Fa~r. 
PO Box 857, Hopkins, MN 55343(612) 420-6000. 

1.9 to 2.5 v. . ~ * * GHz * m *  e 

Antennas 1, * 
MISSOURI: The Indian Foothills Amateur Radlo Club's 
8th annual Hamfest. Sunday, May 15. Saline County Fair- 
grounds. Marshall. Tlckets $2.00 each. YS5.00 at door. 
4155.00 advance. Reglstratlon 8 AM. Free flea market 
tables, registration required. Talk In on 52. 147.841.24. 
For information and Ilckets: Fred Fellers. WQABW. 703 
N. Main. Carrollton. MO 64633. (818) 542-0223 or 542-2655 
or (816) 886-2837. 

-. 
: Galaxy G 

$ Electronics 
$6007 N.6lst Ave. 
+ Glendale. Az. - 

NEW ENGLAND: The Hosstraders will hold their tenth 
annual Tailgate Swapfest. Saturday. May 7, sunrlse to 
sunset, at Deerfield. NH. Falrgrounds. Admission $1.00, 
including tallgaters and commercial. Fr~day night camp. 
lng for self-contained rigs at nominal fee. None admttted 
before 4 PM Fflday. Profits benefit Boston Burns Unit of 
Shrlners' Hospltal. Last year's donallon $2622.75. QueS. 
tlons or map to northeast's biggest ham flea rnarket? 
SASE to Norm. WAIIVB. RFD Box 57. West Baldwln. ME 
04091 or Joe. KIRQG. Star Route. Box 56. Bucksport. ME 
04416orBob. W1GWU.North WattonRoad.Seabrook.NH. 

% COD'S S 

$ Dealem Wanted 

NEW HAMPSHIRE: The 9th annual Eastern VHFIUHF 
Conference. May 13.15. Sheraton Tara. Nashua. Friday 
ntght hospltallty room. Saturday night banquet. $14, pay 
able prlor to May 9. Registrat~on $13 50 from KILOG. 
Rlck Commo. 3 Pryor Rd . Natick. MA 017M) before May 
9. Registration at door 520.00 

NEW JERSEY: The Jersey Shore Chaverim are sponsor. 
Ing the Jersey Shore Hamfest and electronic flea mar. 
ket, June 12. 9 AM to 3:30 PM. Jewish Community Cen. 
ter. 100 Grand Avenue. Deal. Admission 53 per person. 
Children under 12 and XYLs free. Refreshments avail. 
able. Table $5. Tailgating $2.50. Reserve spaces by SASE 
and advance payment to Jersey Shore Hamfest. PO Box 
192. West Long Branch. NJ 07764 by May 15 Talk in on 
147.045 + .6; 146.52 slmplex. 

FCC changes make obta~nlng a H~gh-level 

Radio Telephone License much easier now. 

Elminate unnecessary study with our short- 

cuts and easy to follow study material. Obta~n- 

ing the General Radio Telephone License can 

be a snap! Sample exams. also section cover- 

ing Radar Endorsement. 

NEW YORK: The Rochester Hamfest comblned wlth 
ARRL New York State and Atlantlc Divis~on Conven 
ttons. May 20 and 21 Marr~ott Thruway Hotel and Mon 
roe County Falrgrounds Tlckets 54 advance and $5 at 
gate Flea markel t~ckets $2 per space FCC exams 
gtven Send Form 610 to FCC. 1307 Federal Bullding. 11 1 
W Huron St.  Buffalo. NY 14202 by May 1 marked "ad 
ministered at Rochester Hamlest Fr~day evenlng ban 
quet (Instead of Saturday) Flea markel open 6 AM Satur. 
day, commerclal exhlblts 8 30 AM Ctoslng tlme 6 00 PM 
Talk In on 146 28188 and 144 511145 11 Advance tlckets 
from K2MP. 737 Latta Road. Rochester. NY 14612 For 
more lnformat~on Rochester Hamfest 300 Wh~te Spruce 
Blvd . Rochester. NY I4623 

NEW YORK: The Putnam Emergency Amateur Repeater 
League (PEARL) wlli have its 2nd annual Indoor Hamfest. 
Saturday. May 7. 9 AM to 4 PM. JFK Elementary School. 
Fogglntown Road. Brewster General admlsslon $1 00 
Exh~bltors $4 00 Talk in on 144 5351145 I35 and 52 For 
advance table regtstratlon and lnforrnatlon Frank 
Konecnlk. WB2PTP RD 1 244 C. Carmel. NY 10512 

New DTMF Receiver Kit turns 
phones into control devices. 

With Te l t one ' s  TRK-956  k ~ t ,  y o u  g e t  all the 
parts necessary t o  b r e a d b o a r d  a central 
o f f i c e  quality DTMF detection system for 
o n l y  $22.75. That's the lowest i n s t a l l e d  

cost f o r  a DTMF system. A l l  you provide 
is 5V dc. For decoding DTMF signals f r o m  

telephone lines, radios, and tape players, 
use the TRK-956. To order call: 
(800) 227-3800 ext 1130. 
[In CA, (800) 792-0990 ext 1 130.1 

A small investment lor a high-paying career in 
electronics. 

$19.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. BOX 1538 

Hendersonviile, N. C. 28793 

NEW YORK: The 24th annual Southern Tier Amateur 
Radio Club's Hamfest, Saturday. May 7. Treadway Inn. 
Owego. Flea market owns  at 8 AM. Vendor dlspleys and 
sales. Tech and non.tech talks. Refreshments Advance 
tlckets only for the dinner at 630. Talk tn on 22182. 16/76 
or 146.52 simplex. For further inlorrnatlon SASE to 
KF2X. C. England. RD #I. Box 144, Vestal. NY 13850. 

RF CIRCUIT DESIGN 
BY CMRIS BOWICI. WO4C 4 

NEW YORK: The Ebonaire Amateur Radio Society's 2nd 
annual HamfestlFlea Market. Sunday. June 5. 9 AM to 3 
PM. 119.09 Merrlck Blvd.. Oueens. Contact WAZVYG 
(212) 523-2319 or KA2CPA (212) 528-0416. 

GET TRANSI-TRAPTM 
LIGHTNING PROTECTION 

NEW YORK: The Rome Radio Club's 31st Rome Ham 
Famlly Day. Sunday. June 5. Beck's Grove in Rome. 
Games, contests, technical presenlations and a glant 
flea market are some of the features. Refreshments 
available throughout the day. The Club's "Ham of the 
Year" award will be presented at the buffet dtnner. Talk 
in on 146.28188 and 146.52 simplex. 

Protr~cl your valu.itlle equllrtrtcnt frllrrl antenna 
voltaqc surqes raus~d by nrar1)y l~qhtntnq tllqh 
wind and statlc butl(l up Krrps harmful ARC 
enetqy off equipment by saf~ly slluntlnq 11 to 
grouid Use\ tested fwld proven and replaceable 
ARC PLUCTM ga5 fllled cprarntc cartr~dqe 
Model LT 200 watts 6D 5011 St9 95 
Model HT Zkw 6D 5011 524 95 
Ruggedized Super Low Loss ( IdB @ 500 MHz) 
Model R T 200 watts 8 MI1 529 95 
Model HV Zkw @ 50n 532 95 
See your local dealer or order dtrect Pse lnclude 52 
for shlpplnq and handllnq MC and VISA accepted 

NORTH CAROLINA: Durhamfest sponsored by the Our. 
ham FM Assoc~ation. Saturday. May 14. South Square 
Shopplng Center. Durham. Flea markel, dealers, tables 
available for rent. Admission 54.00. Talk In on 147 8251 
,225 and 146.52 simplex For information: DFMA. PO Box 
8651. Durham. NC 27707. 

OHIO: The Fremont Radio Club In cooperation with the 
Ottawa County Radio Club is sponsoring their 6th an- 
nual Hamlest. May 22. Fremonl Fairgrounds. Gates open 
8 AM. Dealer setup 7 AM. Advance tickets 52.50. $3.00 at 
door. Flea rnarket tables $3.00 per 8 It, space. For tickets 
and table reservations SASE to John Dickey. WBCDR. 
545 N. Jackson Street. Fremont. OH 43420 (419) 
332-8066, 

n*,. .! ... a' , I , . .  .q..\, t P " *  
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CWIS BOWICI. W04C 
200 ABnl PLACE 
LILBURN, GA. 30247 r /  266 

P.O. B o x  571.  Cen te rv t l l e .  O h l o  45459  

(51  3) 435-4772 r /  104 
OHIO: The Lancaster and Fairfield County Amateur 



Radio Club's annual Fathers' Day Hamfest, Sunday. 
June 19. Fairlield County Fairgrounds. Lancaster. 8 AM 
to 4 PM. Admission $2.00 advance; $3.00 at gate. Re- 
freshments available. Free parking. Many covered 
tables. Talk in on 147.0363 or 146.52 simplex. For more 
information: Box 13. Lancaster. OH 43130. 

PENNSYLVANIA: The 29th annual Breeze Shooters 
Hamfest, Sunday, May 22. 9 AM to 5 PM. White Swan 
Amusement Park. PA. Rt. 60 near the Greater Pittsburgh 
International Airport. Free admission. Free flea market. 
Registration 52.00 or 3S5.00. Covered vendors tables by 
advance reglstration. Talk In on 146.ZW.88 or 29.0 MHz. 
Contact Don Mysiewskl. K3CHD. 359 McMahon Road. 
North Huntlngdon. PA 15642. (412)863-0570. 

PENNSYLVANIA: The Warminster Amateur Radio Club's 
annual Hamfest, Sunday. May 15. Mlddletown Grange 
Fairgrounds. Penns Park Road, Wrightstown (Phlla. area) 
7 AM to 2 PM. Admission $3.00 per ham. Sellers S2.W 
additional per 8 It. space. Inside spaces available. No 
power. Registration prlor to May 1. $2.00 per ham. Talk In 
on 147.69109 and 146.52 simplex. For intormation: 
WARC. Box 113. Warminster. PA 18974. Or call Frank. 
AK30 (215) 968.3133 after 2300 UTC. 

ROCHESTER HAMFEST: Atlantic DivisionlNew York 
State Convention. Saturday. May 21. Monroe County 
Fairgrounds. Hotel headquarters. Rochester Marriott 
Thruway..More onto? Write or call Rochester Hamfest. 
300 White Spruce Blvd., Rochester, NY 14623 (716) 
424.7184. 

SOUTH CAROLINA: The Blue Ridge Amateur Radio Soci- 
ety's Hamtest. Saturday, April 30 and Sunday. May 1, al  
the American Legion Fairgrounds. Whlte Horse Road. 
Grwnville. Admlssion $3.00. Talk in on 146.01161 and 
223.461224.06. For intormallon: Phil Mullins. WD4KTG. 
Hamtest Cha~rrnan. PO Box 99. Simpsonville. SC 29681. 
For advance sales: Mrs. Sue Chisrn. Rt. 6.203 Lanewood 
Dr.. Greenvllle. SC 29607. 

TENNESSEE: The Radio Amateur Club of Knox County 
will hold 11s 17th annual Hamtest, Saturday. May 28. 9-5 
and Sunday May 29, 10.4, Kerbella Temple Auditorium. 
east of US 441 behind V d  Inn Motet. Admlssion $2.00 ad- 
vance. $3.00 at door. Radio and computer forums. 
dealers, Indoor and tailgate flea markets. Free parklng. 
Talk In on 147.90130. Fai tickets. dealer or flea market in. 
formation: Mark Nelson. AJ2X. 4317 Foley Drlve. Knox- 
ville, TN 37918. (615)687.9656. 

TEXAS: The YL International Single Sidebander's 1983 
Convention, June 16.19. Dallas. Activities include the DX 
Roundup, the System Awards banquet Saturday night 
wlth a countrywestern band lor danclng. Preconvention 
actlvlties begin June 13. For detailed ~ntormation: Joe. 
W5UJO and Mary. KC5UO. Parsons. 1639 Evergreen 
Drlve. Mesquite. TX 75149. 

VIRGINIA: Mayfest '83 presented by the Roanoke Valley 
Amateur RadloClub. Sunday. May 29,0900 to 1600. Roa- 
noke CIVIC Center Exhiblt Hall. Advance reglstration 
$3 00. 53.50 at door. CW contest. ARRL torum YL. xYL 
and klddle funct~ons. Nearby motels, camping and sight. 
seebng. Talk in on 146.3851.985 and 146.52 slmplex. For 
information, tickets and tables: Bill Johnson. W4NLC. 
5129-D Overland Rd.. Roanoke. VA 24014. (7031989,5374. 

WASHINGTON: The TriCities Hamlest Council 4th 
annual Hamtest. May 2l'and 22. starting 9 AM. Benton- 
Franklin County Fairgrounds. Kennewlck. Admlssion 
$3 00 advance. $4.00 at door. Children under 12 Iree. Ven. 
dors, swap tables. Bunny Hunt on Sunday morning. 
Camplng and RV space at site $6.00. For reservations 
and ~nformation: (509) 586-9375 or (509) 967.2358. Inquir. 
ies to Trl-C~ty Hamfest Council. PO Box 1181, Richland. 
WA 99352. 

OPERATING EVENTS 
"Things to do ..." 

MAY 14: Ling Submarine Expedit~on. The Meadowlands 
Amateur Radlo Associal~on will be aboard the USS Ling 
(SS297) docked In Hackensack. New Jersey, and will 
operate under club statlon NZBMN, startlng Saturday at 
15002 through 21002. 20 Meters: CW 14.060. SSB 14.310. 
40 Meters: CW 7.115, SSB 7.250. 2 Meters: CW 144.100. 
SSB 144.160. FM 146 550. 6 Meters: CW 50.095, SSB 
50 125. For an 81/2 x 11 certificate to conflrm OSO send 
large SASE w ~ t h  3 7 ~  U.S. Postage to PO Box 324. L~t t le  
Ferry. NJ 07643. 

MAY 16.21: Jlmmy Stewart's Blrthday The lndlana (PA) 
County ARC will help the community of Indlana. PA. 
celebrate thls natlve son's 75th blrthday Club members 
wlli be on all General and Novlce trequencles at varlous 
tomes and lrequencles SASE wlth OSL card to W3FVU 
for a commemoratlve QSL card 

MAY 21: ARMED FORCES DAY m~litary-to.Amateur 
cross band operatlons wlll be conducted from 2111300 
UTC to 2210245 UTC May 1983 East coast statlons corn. 
mence operatlons at 2111300 UTC and west coast sta. 
tlons commence operatlons at 2111600 UTC Mllltary sta- 
tlons will transmit on selected mllltary trequenc~es and 
llsten lor Amateur stattons on the speclllc frequency to 

ACOA QUAD ANTENNA FOR 2-METERS 

All  metal  (except ~nsu la tors)  rugged 

construct ion 

Withstands any weather cond l t ions 

Copper radiator and ref lector elements 

Covers ent i re 2-meter band 

Ready t o  mount  on your  rotor 

Weight  - 9 pounds  

W ind  surface area - 0.85 square feet 

Dimensions - 19 x 26 x 17 inches 

Price - $159.00 

Order direct or f r om your dealer 
Calllornia residents add sales tax 

DEALER INQUIRIES INVITED 

ANTENNA COMPANY OF AMERICA 
POST OFFICE BOX 794 

MOUNTAIN VIEW, CALIFORNIA 

94042-0794 

(408) 246-2051 

r /  111 
whlch shelhe is listening. Entries must be postmarked 
no later than 28 May 1983 and submitted to the respec. 
live military commands. Stations copylng AIR send en. 
trtes to. Armed Forces Day Test. 2045th CGIDONJM, 
Andrews AFB. DC 20331. Stations copylng NAM. NAV or 
NPG send entries to: Armed Forces Day Test. HQ. Navy 
Marine Corps MARS. 4401 Massachusetts Ave.. N.W., 
Washlngton. DC 20390 Stat~ons copylng WAR send 
entries to: Armed Forces Day Test. Commander. 7th Sig. 
nal Command. All: CCN.PO.OX. Fort Rttch~e. MD 21719. 

- 

MAY 21 AND 22: The Clark County Amateur Radio Club. 
W7AIA. is pleased to announce the third annual Mount 
Saint Helens QSO party to mark the third anniversary of 
the explosion of nearby MI. Saint Helens. 0001 UTC May 
21 through 2359 UTC May 22. Look for W7AIA on: SSB 
3.895. 7.230. 14.280. 21.360. 28.505. CW 3.705. 7.105. 
21.105, 28.105. VHF - vartous Vancouver and Portland 
area repeaters. To apply for the award send log ~ntorma. 
Iron or QSL card and $2.00 (or 8 IRCs) to: Award Manager. 
W7AIA. PO Box 1424. Vancouver. WA 98668. 

MAY 28 AND 29. The Northwest Amateur Radio Club will 
operate W9LM from 17002 May 28 to 17002 May 29 to 
commemorate the11 50 years In Amateur Rad~o. Frequen. 
cles: Phone 10 kHz from lower General 40.20. 15, and 10. 
CW 25 kHz from lower edge of Novlce bands and 2 meter 
slmplex on 146.52 OSL wlth SASE tor commemorative 
certll~cate to. NARC. PO Box 121. Arlington Helghts. IL 
MXX)G 

JUNE 2. 3 AND 4: S.P.A R.C.. the Southern Piedmont 
Amateur Radio Club, will operate a special event station. 
the 10th annual "Helen to the Atlantic Ocean" hot air 
balloon race, held under the direction of the "Free 
Splr~ts of Helen, Inc." The station will be operating SSB 
between 7200-7250 and 3865-3915 on 40 and 80 meters 
uslng club call WD4NHW. For an 8 x 10 cerlif~cate 
SASE to John Anthony. PO Box 28. Sautee. GA 30571 

JUNE 4 The Pennyroyal Amateur Radio Society an. 
nounces the annual Jetterson Davis QSO party, Satur. 
day. lS00 to 2400 2. Suggested trequencles: 3.940. 7.260, 
14.310.21.410 and 28.610 MHz phone and 3.730 MHz CW. 
For an attracttve certlttcale send $1 .00 and 31200 stamps 
w~ th  OSL card to P A.R S.. PO Box 1077. Hopk~nsv~lle. KY 
42240 

-- 

JUNE 10 AND 12: The Wireless Institute of Northern 
Ohlo (W 1.N 0.) will operate a specla1 events station 
(K080) from a wlnery In Madison. Ohlo, to commemo. 
rate Ohlo Wine Week. Frlday 23002 to 03002 on 3900 
MHz and 7235 MHz. Sunday 15002 to 20002 on 7235 MHz 
and 21360 MHz. For a speclal QSL certlflcate send legal 
SASE w ~ t h  40a postage or coln to above address. 

NEW HUSTLER 6 B T V  . . .  $139 00 
5 B T V  ( 8 0 -  1 0 ) .  . . . . . . . . . .  . 1 1 5 . 0 0  

HYGAIN 
TH7DXS 7el triband . . . .  .379.00 
TH5DXS 5el triband .... .229.00 
V2S Super 2M vertical . . .  .39.00 

CUSHCRAFT 
A3 3el-3 band beam. ... ,179.00 
A4 4el-3 band . . . . . . . . .  .229.00 
ARX2B Ringo . . . . . . . . . . .  .39.00 

AEA 
lsopole 144 . . . . . . . . . . . . .  .39.00 
lsopole 440 ............. .59.00 

TRlEX W51 Self-support 
tower crankup . . FOB CA 799.00 

ALLIANCE HD73 . . . . . . . . . .  .99.00 
BUTTERNUT HF6V . . . . . . .  .125.00 

2MCV5 . . . . . . . . . . . . . . . . .  .39.00 
BELDEN 

RG8X 9258 . . . . . . . . . . . .  .196/ft. 
RG8U Foam 8214 . . . . . . . . .  396 
RG8 Coax 8237 . . . . . . . . . . .  366 
RG213u 8267 milspec .. .466/ft. 

. . . . . . . . .  8448 Rotor Cable 276 
. . . . .  9405 Heavy duty rotor 456 

8235 300 ohm 
KW twinlead . . . . . . . . . . . . . .  106 
8000 14GA 

. . . . . . .  stranded antenna 1 OC/ft .  

CDE HAM-4 . . . . . . . . . . . . .  .199.00 
HAM X . . . . . . . . . . . . . . . .  ,249.00 
Consumers wire 

. . . . . . .  RG214/u nonrnil .706/ft. 

Belden, Berktek, Columbia, 
Consolidated, Consumers 

Coax Seal 
$2.00 

Any new equipment ordered from us can be 
lested and approved by our factory trained 
technlc~ans prlor to sh~pment 11 you request 
11 Thts requlres openlng the box, but the 
technlclans amrova l  card will be  enclosed 

MASTERCARD VISA 
All prates lob Houston except where dndlcaled Prlces 
~!8hlecl 10 change w~thoul notlce. all Ilemsguaranleed 
Snrnp ,Terns subject orlor sale Texas resldenls add lax 
Plrasp add sulftctent "oslaqe. balance cnllecl fl 164 

May 1983 129 



Ham Radio 5 guide to help you find your loc2 < 
California 

C & A  ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-7710 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 Trades 
714-463-1886 San Diego 
800-882- 1343 
- Parts at Cost - Full Service. 
Habla Espanol 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, lcom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 
Call today. Friendly one-stop shop- 
ping at prices you can afford. 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, DenTron, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 

-- - 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL33137 
305-573-8383 
The place for great dependable 
names in Ham Rad~o. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Radio and 
Computer Store. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, lL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8100 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381 -5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, DenTron, Swan &Apple 
Computers. 

Massachusetts 
TEL.COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3040 
617-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 
MIDWEST AMATEUR RADIO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521 -4662 
It 's service after the sale that counts. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outs~de Nev: 1 (800) 634-6227 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Hampshire 
TUFTS ELECTRONICS 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
New England's friendliest ham store. 

New Jersey 
RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE , SOMERSET, NJ 08873 
201 -469-4599 
800-526-0903 I New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201-256-8555 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckman 
Instruments, etc. 

m 

YOU SHOULD BE HERE TOO! Dealers: c on tact Ham Radio now for com~lete details. 
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la teur Radio Dealer 

N e w  York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK. NY 10017 
21 2.599-2630 
Drake. Kenwood, Yaesu, 
Ten-Tec. DenTron. Hy-Gain, 
Mosley in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE. NY 11735 
516-293-7990 
"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY. NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K2lXN or Bob WA2MSH. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: l(800) 321-3594 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REY NOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featuring Kenwood and al l  other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 

Oklahoma 
DERRICK ELECTRONICS, INC. 
714 W. KENOSHA - P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow. Oklahoma 
1-800-331 -3688 or 
1-918-251-9923 

- - 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird, Cushcraft, Beckman, 
Fluke, Larsen, Hustler, Astron, 
Antenna Specialists. W2AUIW2VS, 
AEA, B&W. CDE, Sony, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
7 1 7-868-6565 
Lunar. Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
7 13-658-0268 
Christmas?? 

Virginia 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

I Wisconsin 
I 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 

QUALITY MICROWAVE TV SYSTEMS 
2.1 to 2.6 GHz Ant. 

34 db Gain or Greater 

WANTED 
I HIGHEST PRICES PAID FOR: I 
I HARRIS RF-301 I 

1 I ASSOCIATED EQUIPMENT I 
CALL COLLECT: 

LIBERTY ELECTRONICS, INC. 

T h ~ s  IS the best portable antenna we've 
seen anywhere, and check the low prtce1 

Fast and easy adlustment lor any portlon 01 
10.15 20.40 meter bands Made lrom two 50 It 
steel tape measures coated wlth mylar. 11 can 
be used ~ndoors or outdoors as a dlpole. In. 
verled V, or sloper antenna Perfect lor travel. 
Ing. camplng or anywhere' 

Chart included show~ng exact tape meas. 
urement for each band Tapes crank Into com- 
pact. htgh Impact houslng lor conven~entand 
llghtwefght storage 

Not a k ~ t ,  ready lor use wllh end ~nsulalors 
I center Ittt~nq lor 52 ohm feedllne wlth PL 
259 Money back guarantee 



~\d~erTi~ers V' 
check-off 

. .  .for i~terutu~.e. in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 

Place your check mark in the space etween 
name and number . Ex: Ham Radio . f234 

Alaska Microwave _ . 101 Jensen Tools - 155 
Alden Elec . 102 KCS Elec - 1% 
All Elec 103 KLM . 157 . 309 
Alpha Delta -- 104 Kantron~cs - 1% 
A E E  -105 Kenwood '. .- 310 
Ama Rarloo Today 106 Larsen - 159 
ARRL _ 107 L~berty Elec _ 160 
Amodon . . 108 Long's 161 
Amp Supply -_ 109 Lunar Elec - 162. 318 
Anteck 110 MFJ 163 . 317 
Antenna Co - 1 1 1  Mad~son Elec 164 
Antenna Dev h Meshna 165 

Manu - 112 Mtsrourl Radio 166 
A p ~ i l e d  Inv - 113 Mosley Elec _ 168 
Astron 114 M Squared Eng _ 169 
Atlanttc Surplus NCG 170 
ATV Magaz~ne 115 Nampa Satell!te 171 
A to Z Crvstal - 116 Nemal 172 
BMG Enq 117 N Amerlcan Soar 173 
B U K -  320 Nuts 6 Volts _ 174 
Barker h Oak Hill Academy A R S . ' 

Woll~amson . 118 P B Radto 175 
Rarrv ' P C Elec ' 
i i a l '  . 119 
B ~ I  0 Byte - 120 
Bow~ck 266 
Buckrnaster _ 121. 212 
Budw~q  122 
Butternut ' 
Caddell Coll _ 123 
Ceco 124. 213 
Centur~on _ 304 
CES _ 312 
Co~n  lnter _. . 125 
Comm Des~gn . 126 
Comm Spec _ 127 
Contemporary Elec 314 
Cushcraft 128 . 306 
dB Galn 129 . 311 
Daq~tal Mtcro 130 . 214 
Direct Vldeo 131 
Doppler 132 
Drake ' 
Elec Rambow - 265 
Elec Spec 133 
Elrx Book Club 134 
Encomtn 319 
Encon 303 
En9 Consult~nq 135 
Falr Radlo 136 
Ferr~tron~cs . 137 
Fox-Tarrgo _ 138 . 215 
Galaxy - 139 
Gem Ouad - 140 
Goldsmtrh Sctenlll~c 141 
Grove - 307 
Hal Comm 142 . 305 
Ham Radto's 

Bookstore . . 1 4 3  . 144 
H R 0 - 145 
Ham Shack . 146 
Hamtrontcs 147 
Henry Rad~o - 148 
H w s ~ e r  149 
Hustler - I? 302 
Hy Ga~niTelex 
Icom . 151 . 152 
Independent Crystal - 153 
Jasco 154 

Palomar ' 
Peterson Elec . 176 
P~IIIIIPS Tech . 177 
Pro Search - 178 . 179 
RF Products 1RO 
Callbook 181 
Ratltok~t 182 
Radlo warehouse ' 
Ramsey Elec . ' 
SEl - 183 
Salellrte Ri?c Sys 184 
Semi Surplus 185 
Shure Brott~ers 1% 
Stncla~r Rad~o 308 
Skylane Prod 187 
Snyder ' 
Specrron~cs ' 
Spectrum lnter 188 
Spectrum West 189 
Speedcall _ 190 
Spencer Products 191 
Spi Ro . 192 
Tayco Comm 193 
Tektronlx ' 
Telewave 194 
Telex ' 
Teltone 195 
Ten Tec ' 
TET 196 
The Comm Center 197 
Thermal 198 
Total 

Telev~s~on 199 . 315 
Transleteron~c _ _  200 
Trl Ex 201 
Ungar 202 
UNR R o h n  . . 203 
Valor 204 
Vanouard Labs - 205 
Vector - 316 
V~broplex - 301 
Vocom Prod 2% 
Western Elec - 207 
Wlnn Tenna 208 
Xantek 209 
Yaesu -_ 210 . 313 

'Please contact this advert~ser d~rectly 

Limit 15 inquiries per request . 

May 1983 
Please use before June 30. 1983 

Tear o f f  and mall to 

H A M  RADIO MAGAZINE  . "check o f f "  

Greenville. N H . 03048-0498 

N A M E  . . . . . . . . . . . . .  

CALL . . . . . . . . . . . . . . . . . .  

STREET 

ROH N. > 

"FOLD-OVER" 
TOWERS 

EASE OF INSTALLATION 
ROHN "Fold-Over" Towers are qulckly end 
easily installed . The "Fold-Over" is sale 
and easy to service . 

ADAPTABILITY 
ROHN has s m r a l  s i n s  to Ill your applia- 
lions or you can purchase the "Fold-Over" 
components to convert your ROHN lower 
into a .Fold.Owr" . 

HOT DIP GALVANIZED 
All ROHN lowers are hot dip falnnizsd 
after labrialion . 

REPUTATION 
ROHN is one of the leading tower manuhc- 
turers . with owr 25 p a r s  ol experience . 

Wri le  lodav l o r  complsle details . 

Ungar . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  UNR Rohn 

Valor En1erprk.m . . . . . . . . . . . . . . . . . . . . . . .  

AJukaMicrowave hb. . . . . .  120 
Alden Electronics . . . . . . . . . . . . . . . . . . . .  Y) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  All Electron~cm Corp 101 
Alpha Delta Communi~lii0n8 . . . . . . . . . . . . . . . . . . . .  1B 

. . . . . . . . . . . . . . . . . . . .  Alternat~ve Energy Enginwing 127 
Amateur Redlo Today . . . . . . . . . . . . . . . . . . . . . . .  la) 
Amsrlcan Radlo Relay LMQW . . . . . . . . . . . . . . . . . . .  109 
Amodon h c l a r s s  . . . . . . . . . . . . . . . . . . . . . . . . . .  129 
Amp Supply . . . . . . . . . . . . . . . . . . . . . . . . . .  122 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Anteck.Inc 84 
Antenna Company of A r n i c a  . . . . . . . . . . . . . . . . . . .  129 
Antenna Development b Manutecturing. Inc . . . . . . . . . .  35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Applted Invenlmn 108 
Astron Corp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.3 
Atlante Surplus S a w  . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
A N  Megaztne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A to Z Crystal Co 99 
. . . . . . . . . .  . . . . . . . . . . . . . . . . . .  BMG Engoneerlng .. 84 

. . . . . . . . . . . . . . . . .  . . . .  Barker b W#ll#amwn. lm .. 96 
. . . . . . . . . . . . . . . . . . . . . .  Barry Electronocs 86 

Bdal Co . . . . . . . . . . . . . . . . . . . . . . . . . . .  123 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  801 0 Byto la) 

. . . . . . . . . . . . . . . . .  Chm Bowk ' sRF  Circuit M n  128 
. . . . . . . . . . . . .  . Buckmanar Publishing 1P 123 

. . . . . . . . . . . . . . . . . . . . . .  Budw~g Msnufactunng Co 123 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Butternut Electrontcs 107 

Caddell Cod Corp . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 
. . . . . . . . . . . . . . . . .  Ceco Commun~cat~oos 41. 120 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Cotn Internat, onal 107 
Communtcat!on D&n. Inc . . . . . . . . . . . . . . . . . . . .  105 

. . . . . . . . . . . . . . . . . . .  Commun~catlans Specialists 67 
. . . . . . . . . . . . . . . . . . . . . . . .  Cushcralt 15 

dBGaln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
. . . . . . . . . . . . . . . . . . . . . . .  Dtgttal M i c r o r y a a  81.95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dtrecr Vtdeo Salw 108 
Doppler Syaems . . . . . . . . . . . . . . . . . . . . . . . . . . .  126 
R L Drake Co . . . . . . . . . . . . . . . . . . . . . . . . .  65. 135 . Electrontc Ra~nbav lnc . . . . . . . . . . . . . . . . . . . . . . .  122 
Electronic Spectabsts . Inc . . . . . . . . . . . . . . . . . . . . . . .  76 
Electrontcs Book Club ITAB) . . . . . . . . . . . . . . . . . . .  97 

. . . . . . . . . . . . . . . . . . .  Engtneerlng Conrult~ng la) 
. . . . . . . . . . . . . . . . . . . .  Fair Radno Sa la  120 

Ferrrrrontcs LTO . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Fox-Tango Corp . . . . . . . . . . . . . . . . . . . . .  107.135 
Galaxy Electronmn . . . . . . . . . . . . . . . . . . . . .  128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gem Quad Products 108 
. . . . . . . . . . . . . . . . . . . . . . . .  Goldsm!th Sclentlfic Cwp 108 
. . . . . . . . . . . . . . . . . . . . . . . .  Hal Commun~cat~ons Corp 16 

. . . . . . . . . . . . . . . . . . .  Ham Radfo's Bookstore 107.126 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Ham Radlo Outlet 11 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HarnShack % . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hamtrontcs N Y 92.93 
HenryRadto . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hoosier Electronics 126 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hustler lnc 127 
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. .  . . . . . . . . . . . . . . . . . . . .  M Squared Engonearing t 56 

NCG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Nampa Satelllte Recdvm S m m s  . . . . . . . . . . . . . . . . . .  124 
Nemal Ek l r onhs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Nonh Amerncan Soar 66 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Nuts h Volts Magazme 123 

. . . . . . .  Oak Hlll Academy Amateur Radio Ssssion 122 
. . . . . . . . . . . . . . . . . . . . . . . . .  P B Redlo 76 

P C Electroncs . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Palomar Engnneers . . . . . . . . . . . . . . . . . . . . . .  14 

. . . . . . . . . . . . . . . . .  Peterson Electrontcs 84 
Ph~lllps Tech Electronics . . . . . . . . . . . . . . . . . . .  131 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pro Search 9 121 

. . . . . . . . . . . . . . . . . . . . . . . . .  RF Products 126 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Radto Amateur Callbook 106 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rad~ok!t 122 
. . . . . . . . . . . . . . . . .  . . . . . . .  Radto Warahouo ... 84 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Ramsoy Electron~cs 77 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SEl. Inc 106 

Sarelllte Recaption Systms . Inc . . . . . . . . . . . . . . . .  40 
. . . . . . . . . . . . . . . . . . . . .  Sem#conductors Surplus 1101 19 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Shure Brothers 91 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Skylane Products 84 

. . . . . . .  SnyderAntenna 125 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spectrontcs 120 

. . . . . . . . . . . . . . . . . . . . . . .  . Spectrum lntannional Ine 82 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spectrum West 123 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Speedcall Corp 101 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spnncer Products 131 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Spl Ro D~st r~butog 128 

. . . . . . . .  TaycoCommuncati on................ 127 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tsktron~x 136 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Teleweve lnc 25 

. . . . . . . . . . . . . . . . . . .  Telex Communications 68.69 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TeltoneCorp 128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ten Tec 71 
TET Antmnm . . . . . . . . . . . . .  . . in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TheCommCentw 102 
ThermaxCorp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
Total Television . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Translateronc Im 104 
Tru-Ex Tower Corp . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

CITY . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  STATE .ZIP 

VanguardLa bs . . . . . . . . . . . . . . . . . . . . . . .  
Vocom Products Corp . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  Western Electrmics 
W~nn Tonne 

132 May 1983 

. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Xsntak.Inc 103 

. . . . . . . . . . . . . . . . . . . . .  Y-u Electroniw Corp Cow Ill 



. . . for literature, in a hurry - we'll rush 
your name to the companies whose 
names you "check.off" 
Place your chsck marh ~n the spas between name and 
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Yes indeed! Just add a Matched Pair of ~ O D -  
quality 2.1 kHz BW (bandwidth) F 
Filters. Here are a few quotes fron 

:ox   an go 
n users: 

Y.. . V B T ~ O W  WO*S t ie  way 1driem.d 11 rnwra.. :. I 'I.. . Saawular  Im~rovemml In SSB rlecflrlly . . ." I 

\" 
Includes L 

all needed I 
Specify I 
Shipplr 

. . . - - . . . . . - ". . . Complete! qyneed foraCW fllfer. .." 
". . . Simple In! rcellenl Instrucflons . . ." 

The Fox Tango filters are notably superior to both 
original 2.7 kHz BW units but especially the mod- 
est ceramlc 2nd IF; our substitutes are 8-pole dis- 
crete-crystal construction. The comparative FT vs 
Kenwood results? VBT OFF - AX BW: 2.0 vs 2.4; 
Shape Factor: 1.19 vs 1.34: 80 dB BW, 2.48 vs 
3.41. Ultimate Rejecllon. 110 dB vs 80. VET SET 
FOR CW at 300 Hz BW - SF 2.9 vs 3.33; Inser- 
tion Loss: 1 dB vs 10 dB 

AND NOW A NEW TSSMS! Tests prove that the 
same filters improve the '930 even more than the 
830. Don't buy CW filters - not even ours. You 
probably won't need them 

rRODUCTClnr rnlr;l 
:ompiete Kit). . . S l S l  
latched Pair of Fox Tang1 
cables, parts, detailed in: 
k ~ t  desired. FTK-830 or F7 
lg $3 (Air $5). FL Sates Ta 

ONE Y 
GO FOXaTA 

Order b) 
AUTHORIZE 

Scandlnav 

EAR WARRANTY 
,NO0 - TO BE SURE! 
( Mail or Telephone. 
.D EUROPEAN AGENTS 
la MICROTEC (Noway) 

Ocher INGOIMPEX(W Germany) 

T NEW! 

I Gain 6 DB 

Now available from the 
originator ol 75-10 meter 
Ham Stick Mobile Whips 
comes a professional 
q u a l i  2 meter and 220111 
Hz base station at a price 
hams can afford. 

Model 9040 
220 MHz 27.95 

2 meter 28.95 

WINTENNA, INC. 
91 1 AMITY R O A D  

ANDERSON, S.C. 29621 
(800) 845-9724 ,,o, 

Operate this new wind generator. 

BE ENERGY INDEPENDENT I I 
Wlndstream charges 6. 12 or 24 
volt batteries Ideal for radlo op- 
pera t~on and emergencies Portable 
(20 Ibs). easy to  mount and operate 

QUIET. EFFICIENT AND RELIABLE 

Strong sltka spruce blades drtve a 
spectal low rpm generator Dellvers 
u p  to 8 Amps Starts automat~cally 
In low wlnds and self llrnlts In high 
w~nds .  DEALER INQUIRIES INVITED 

REPLY TODAY FOR FREE INFORMATION 
~. 

Thermax - 
~p -- 

- I 
A THERMAX CORPORATION, DEPT. HR2 

One Mil l  St., Burl~ngton VT 05401 
Phone 802-658-1098 , ,,, 
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More Details? CHECK-OFF Page 132 May 1983 135 



TEK 2200 MULTI-PURPOSE THE PERFORMANCE1 
OSCILLOSCOPES PRICE STANDARD 

Now. Tektronix 60 MHz Performance 
is just a free phone call away! 

These easy to order scopes are 
proof that it's not expensive to 
have advanced, 60 MHz perform- 
ance from Tektronix on your 
bench. It's just practical! Feature 
for feature, the Tek 2213 and 2215 
set a pricelperformance standard 
unmatched among portable scopes 
And are backed by the industry's 
first three-year warranty on all labor 
and parts, including the CRT. 

So advanced they cost ou 
less: $1200* for the 2213! I 1450* 
for the dual time base 2215! 
These low costs are the result of a 
new des~gn concept that utll~zes 
fewer mechanical parts than any 

other scope. 
Yet there's no scrimping on per- 

formance and reliability. You have 
the bandw~dth for digital and analog 
circuits. The sensitivity for low signal 
measurements. The sweep speeds 
for fast logic families. And delayed 
sweep for fast, accurate tim~ng 
measurements. 

Scope. Probes. Three-year 
warranty and expert advice. One 
free call gets it all! You can order, 
or obta~n I~terature, through the 
Tektron~x Nat~onal Market~ng Center. 
Technical personnel, expert in oscil- 

loscope appl~cat~ons, w~ll answer 
your quest~ons and can exped~te 
delivery. Direct orders include 
probes, operating manuals, 15-day 
return policy, full Tektronix warranty 
and worldwide service back-up. 

Get all the facts. 
Call toll free: 

1-800-426-2200 
Extens~on 80 
In Oregon, call collect: 
(503) 627-9000 Ext. 80 

'P,lc.' 1.0 R R ~ a v ~ r l o n  OR Prlcr Sutqfv'l lo(.hdnl]t3 

Capi rqh l  (C 19R1 Teklronlx lrlc All rqh l . ;  r p r . ~ f vp * l  TTA 371 



The FT-102 is  factory equipped for operation on all present and proposed Amateur HF 
bands. An extra AUX band position is available for special applications. Equipped for 
SSB, CW, and AM (RX), the FT-102 may be activated on FM and AM (TX) via the 
optional AMIFM-102 Module. 

The all-new receiver front end utilizes a lowdistortion RF preamplifier that may be by- 
passed via a front panel switch when not needed. Maximum receiver performance is 
yours with this impressive lineup of standard features: IF Notch Filter, Audio Peak 
Filter, Variable IF Bandwidth Control, IF Shift, Variable Pulse Width Noise Blanker, 
Independent SSB and CW Audio Channels with Optimized Audio Bandwidth, and 
Front Panel Audio Tone Control. WideINarrow filter selection is independent of the 
Mode switch. 

The celebrated transmitter section is powered by three 61468 final tubes, for more 
consistent power output and very low distortion. An RF Speech Processor, Mic Amp 
Audio Tone Control, VOX, and an IF Monitor round out the transmitter lineup. 

Futuristic panel design and careful human engineering are the hallmarks of the 
FT-102. Convenient pop-out controls below the meters may be retracted when not in 
use, thus avoiding inadvertant mistuning. Abundant relay contacts, rear panel phono 
jacks for PTT, microphonelpatch input, and other essential interface connections 
make the FT-102 extremely simple to incorporate into your station. 

SPECIFICATIONS 

TRANSMllTER 
Power Input: (1.8-25 MHz) (28-29.9 MHz) 

SSB. CW 240W DC 160W DC 
AM 80W DC 80W DC 
FM 160W DC 

RECEIVER 
Image Rejection: 

Better than 70dB from 1.8-21.5 MHz 
Better than 50dB from 24.5-29.9 MHz 

IF rejection: 
Better than 70 dB 

Selectiv~ty (-6 dB/ -60 dB): 
SSB. CW. AM; 2.7/4.8 kHz (with no 
opt~onal filters) 
Width adjusts continuously from 2.7 kHz 
to 500 HZ (-6 dB) 

Spurious Radiation: Better than -40 dB 

The SP-102 External SpeakerIAudio Filter features a large, high- The FV-102DM Synthesized External VFO tunes in 10 Hz steps. 

fidelity speaker with selectable low- and high-cut audio filters. Keyboard entry of frequencies, UPIDOWN scanning, and 12 

The front panel A-B switch allows selection of two receiver memories make the FV-102DM a "must" for serious DX or 

inputs for maximum versatility. Also available is the SP-1O2P contest work. 

SpeakerlPatch. F , , .  " 

See your Authorized Yaesu Dealer today for a hands-on The FG102 Antenna Coupler is capable of handling 1.2KW of 
demonstration of the rig that everybody's talking about. It's the transmitter power, with an in-line wattmeter, separate SWR 
FT-102, The Transceiver of Champions! meter, and A-B inputloutput twlection expanding your station's 

capability. The optional FAS-14R allows remote selection of up 
Price And Specifications Subject To 1082 to four antennas via one coaxial cable connected to the FC-102. 
Change Without Notice or Obligation 

ELECTRONICS CORP. 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
Eastern Service Ctr., 9812 Princeton-Glendale Rd., Cincinnati, OH 45246 (513) 874-3100 
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QSK, dual NB, 2 VFO's, general coverage receil 

'he TS-931 OS i s  a superlative. high per- 
lormaxrcc. all-solid state, HF transceiver 
keyed to the exacting requirements of the 
DX and contest operator. It covers all 
Amateur bands from 160 through 10 
meters, and incorporates a 150 kHz to  
30 MHz general coverage receiver having 
an excellent dynamic range. 
Among its other important features are. 
S S R  slope tuning, CW VBT. IF notch filter, 
CW pitch control, dual digital VFO's, CW 
full break-in. automatic antenna tuner, 
and a higher voltage operated solid state 
final amplifier. It is available with or 
without the AT-930 automatic antenna 
tuner built-iq. . ~ , ,  

160-10 Meters, with 150 kHz-30 MHz 
general coverage receiver. 
( o\.c.rs all Am;~tt>ur frc.clurncies from 160-10 
nlrtrrs. including new WAI<C bands. on  
SSII. CW. FSK. ;ind AM. Fraturrs  150 kHz- 
30 MHz gencSral coverage rrcrivt.r. Separate 
A m ; ~ t t . ~ ~ r  band access keys allow spcetiv 
b;intl selection. UP/l)OWN bandswitch in 
I-MI lz steps. A nrw. innovativr. qu;tdruple 
'UI'" convcbrsion, digital PI-L synthrsized 
circwit providrs supvrior frc-qurncv :tcc,uncy 
and stability, plus grc.:~tI\~ cnhanrtSd 
srlretivitv. 
Excellent receiver dynamic range. 
lirc.i.i\.c'r two-tonr d v n ; ~ n ~ i c  rang(,. 100 dD 
tvpic:~l (20  metcars. 50-kl Iz spacing. 500  Ilz 
CW ~);~nclwitl t l~,  at  srnsitivity of 0.25 Irv. 
S I N  10 dl31. ~ ~ r o v i d r s  thr  ~rlt im:~tr in rc:jrr- 
lion of IM di.;tortion. 
All solid state. 28 volt operated final 
amplifier. 
'1'111, i111; i I  amplifier operates o n  2 8  VIIC for 
lowrst IM distortion. I'ower Input rated a t  
250 W on  SSH. CW. and  FSK.  and a t  8 0  W 
on  AM. Final ;~mplifier protrrtion cirruits 
with cooling fan. SWHII'owrr meter built-in. 
CW full break-in. 
C\V full I)rr;tk-in circuit uses CMOS logic IC 
plus rred relay for smooth, quiet operation. 
Switchable to seml-break-in. 

Automatic antenna tuner, built-in. 
('ovt-rs /\rrli~t(.iir 1);iriris 80-10 r i ~ e t t ~ ~ .  
inc,l~rtling the rlrtv WAI<C' 1):rnds. Tuning 
ranee ;tr~ton~:itir;tllv ~)rc~-srlrctc.d with Ix~nd  
selc,c~tlon t o  n~inimizr tuning tirne. "AU'SO- 
TIIHIJ" switcl~ on front p;~nc,l. 
Dual digital VFO's. 
10-1 12 src,p tiual digital VFO's include band 
inform;ition. Each VFO tunes continuouslv 
from hand to band. A largr, heavy. flvwhrrl 
tvpr knob is used for improved tuning r:~se. 
T.F. Srt switch ;~llows fast transmtt 
frrqurncv setting for split-frequrncv opera- 
tions. A-D s\vitcli for r.qualizing one VFO 
frrquencv to thr  other. VFO 'Lock" switch 
provided. RIT control for k9 .9  kl-lz. 
Eight memory channels. 
Stores I)otli Irrqurncv and  band informa- 
t io~i .  WO-MEMO suritch allows use of each 
mcmonr  a s  ; ~ n  intlrprnderit VFO. (the 
originai memory frkqurncv can be recalled 
a t  \\.ill). o r  ;IS ;I fixed frrquencv. Internal 
Rattrry memory hack-up. estimated 1 vear 
lifr. (13atterirs not Kenuvood supplied). 
Dual mode noise blanker ("pulse" 
or "woodpecker"). 
ND-I. u.~tl i  thr-c.shold control, for pulse-type 
noise. N11-2 lor longer duration 
"woodp(,cker' typr rioisr. 
SSB IF slope tuning. 
Allows ir~dt.prndt.nt adjustment of the low 
ar~rlior I i i r [ l i  frequency slopr of the IF pass- 
I~ztnd, for Iwst intr.rft,rencr rejection. I-I1Glll 
LOW cut rontrol rotation not itffrrtrd 1 ) ~  
srlrcting US[< o r  LSH modrs.  
CW VBT and pitch controls. 
CW V;tr ial)l<. I3;untlwitlth Tirriing 
control tunc.s out intrrfrring signals. CW 
pitch ror~trols  shifts IF pitssl~arid and simul- 
t;~ncaously ch ;~ngcs  the pitch of thr  beat 
frequency. A "N;~rro\\.l\Vidc' filtrr srlrctor 
switch is pro\lirlrd. 
IF notch filter. 

Fluorescent tube digital alsplay. 
Six tllqit rc.;~dou[ to I ( I 0  Ilz ( 1 0  1 1 ~  modi- 
li;~l~lcl. plus tligitalizc,d suh-sc.;~le with 
20-kl lz strps.  tsrl);~r;itc t\vo dieit indication 
of Iil'S frequrnc.y sliift. In C\\' inodr. dis- 
pl;~y intlic,;~trs t11r actual carricr frc-qurncy 
of rrc.ei\.t.tl a s  wt%ll 21s transmitted siqn;~ls. 
RF speech processor. 
t<I' clipprr tvpc processor provides higher 
;rver;l<r "talk-pourrr: improved intelli~ibilit: 
One year limited warranty on parts 
and labor. 

Other features: 
SSI% ~ ~ t o r ~ i t o r  r l r ~ u i t .  3 step RF attenuator. 
VOX. itntl 100-kl Iz markrr. 

Optional accessories: 
,YI'-9:30 autom;rtic. ; intrnna tuner. 
51'-9:10 rs l r rnal  sp rak r r  with srlrctable 
audio filtrrs. 
YC-455C-1 (500 llzl o r  YG-455CN-I (250 11. 
oltrrr-in (1W filtrrs for 455-kHz IF 
~ - % H c - I  (500 Ilz) CW plug-in filter for 
8.8:3-MHz IF. 
1%-RPA-I If; kHz1 AM plug-in filter for . . 
X.H:~-~MHZ IF. 
SO-1 commercial stabilitv TCXO (tempera- 
ture compensatetl crystal oscillator). 
Rrquires modifications. 
MC-GOA dr luxr  drsk  microphone with 
UI'IDOWN s\vitch, prr-;implilitxr, 8-pin pluq 
TL922A linear amplifirr [not for CW QSKl 
SM-220 station monitor (not for pan-ad;~pti 
11%-6. HS-5. 11s-4. hr;tdphonrs. 

More information on the TS-930s  is 
av:~il;thlr from all ar~thori;rrtl d r ;~ l r r s  of 
Trio Kenwood Comrnnn~c:ition+. 1111 West 
Walnut Strrrt .  ('ompton, (:;~lil'ornia 90220. 

100 kllz IF r~o t rh  rlrcuit gives deep. 
sharp.  notch, better than -40 dl<. 
Audio filter built-in. 
'Tunt.;~hlc.. pr ;~k- typr  audio filter for CW. 
AC power supply built-in. 
120. 220. o r  7.10 VAC'. switch selected I (oprr;ttc~s on  h C :  only). 

Spe~ln~Catlon~ and prices n r r  sul~lt,c.I lo chanr(r 1~~1tIioi11 notlcr or ohligal~on. 
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