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Phase lock-loop (PLL) oscillator circuit minimizes Multi-mode USB, LSB, CW and AM operation. 
unwanted spurious responses. Extraordinary receiver sensitivity (.3u SIN 10 db) 
Hybrid Digital Frequency Presentation. and osc~llator stability (1 00 Hz 30 min. after warm-up) 
Advanced Solid-state design.. .only 3 tubes. Fixed channel crystal control on two available 
Built-in AC and 12 VDC power supplies. positions. 
CW filter standard equipment ... not an accessory. RF Attenuator. 
Rugged 6146-6 final amplifier tubes. Adjustable ALC action. 
Cooling fan standard equipment ... not an accessory. Phone patch in and out jacks. 
High performance noise-blanker is standard Separate PTT jack for foot switch. 
equipment.. .not an accessory. Built-in speaker. 
Built-in VOX and semi-break in CW keying. The TEMPO 2020 ... $759.00. 
Crystal Calibrator and WWV receiving capability. Model 8120 external speaker ... $29.95. Model 8010 
Microphone provided. remote VFO.. .$139.00. 

Dual RIT control allows both broad and narrow Send for descriptive information on this fine new transceiver, 
tuning. or on the t ~ m e  proven Tempo ONE transceiver which 
All band 80 through 10 meter coverage. continues to offer reliable, low cost performance. 

AVAILABLE AT SELECT DEALERS THROUGHOUT THE U S 

L 

11240 W. Olympic Blvd., Los Angeles, Calif. 90064 2131477.6701 
931 N. ~uclld, Anaheim, Caltf. 92801 
Butler, Missouri 64730 



designed for convenience and accuracy 

Drake Directional RF Wattmeters , 

W-4 1.8-54 MHz WV-4 20-200 MHz 

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

In  contrast to VSWR measuring devices of the past. 
Drakewattmetersare frequency insensitive throughout 
their specified range. requiring no adjustments for 
power or VSWR measurements. 

Negligible insertion loss allows continuous moni- 
toring of either forward o r  reflected power for fast ac- 
curate tune up and checking of transmitter-antenna 
performance. 

Indirectly measure radiated power (forward power 
minus reflected power) and VSWR by meansof a plastic 
nomogram included. 

Each wattmeter makes possible quick, accurate ad- 
justments o f  antenna resonance and  impedance 
match, when placed between transmitter and matching 
network. 

High accuracy; ideal as laboratory instruments. 
Removable coupler allows remote metering. 

f 
Drake RCS-4 

Remote Coax Switch 
Remotely Selects One 
of Five Antennas 
Grounds All Unused , 

Antennas 
Grounds All Antennas 
i n  Gnd Position for 
Lightning Protection 
Front Panel Indicator 
Monitors Antenna 
Selection Interval 
Protected Against 
Adverse Weather 
Conditions 
SO-239 Connectors 
Provided for Main 
Coax Feed-Line and 
Individual Antenna 
Feed-Lines 
Handles 2000 Watts 
PEP 
Available in 120 V-ac 
or 240 V-ac 
50160Hz Versions 

Control unit works on 11W220 V-ac. 5W60 Hz. and supplies 
necessary voltage to motor. Excellent for single coax feed to 
multiband quads or arrays of monobanders. The five positions 
allow a single coax feed to three beams and two dipoles, or 
other similar cornbinatlons. Control cable (not supplied) same 
as for HAM-M rotator. Selects antennas remotely, grounds all 
unused antennas. Gnd position grounds all antennas when 
leaving station. "Rain-Hat" construction shields motor and 
switches. Up to30MHz, insertion of switch changes VSWR no 
more than 1.05:l. From 30 MHz to 150 MHz. insertion changes 
VSWR no more than 1.5:l. Motor: 24 V-ac. 2 amp. Lubrication 
good to -40°F. Switch Rf Capability: Maximum legal limit. 

C 1 

80-10 Meters 
Drake MN-4 & MN-2000 Matching Networks . Antenna  Selector and 

W - 4  

2&200 MHz 

50 ohm resistive 

1000 W continuous 

Type N input and 
output connectors. 

Two IN695 power 
meter rect~fiers 

Specifications 
Frequency 
Coverage 

Llne Impedance 

Power CapaMllty 

Jack.. Remov- 
able Coupler 

Semiconductors 

MN-4 (300 Watts) 

W-4 

1.8 -54 MHz 

50 ohm resistive 

2000 W continuous 

Two SO239 input and 
output connectors 

Two IN295 power 
meter rectifiers 

MN-2000 (2000 Watts) 

Accuracy 

By-Pass Switches included 

-. (% of reading t 1% of full scale) 

A Drake matching network is a worthwhile addition to any 
amateur station where peak performance is desired. Basically 
identical. except for power handling capabilities. the MN-4 and 
MN-2000 enable feedline SWR's of 5:l to be matched to the 
transmitter. If input impedance is purely res~stive, even higher 
SWR's can be handled. Besides pt,esenting a 50ohm load to 
the transmitter, the Matchlng Network's built in rf wattmeter 
allows accurate and continuous power measurement and 
VSWR indication. The advanced wattmeter circuitry yields 
frequency-insensitive readingsfrom 2 to30MHz, and accuracy 
until now obtainable only in expensive wattmeters. 

To recerve a FREE Drake Full Line Catalog. Scec~ltcat~ons SUC~BCI lo change wlthout notlce 

please send name and date ol th~s publlcatlon lo 
540 Richard St, Miamisburg. Ohto 45342 

R. I.. DRAKE COMPANY Ca- @l phone: nla 86&2421* LI.. 288417 

Western Sales and Sewlce Center. 2020 Western Street. Las Vegas. Nevada 89102 7021382-9470 
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This NEW MFJ Super Antenna Tuner . . . 
matches everything from 160  thru 1 0  Meters: dipoles, inverted vees, 
random wires, verticals, mobile whips, beams, balance lines, coax lines. 

Up to 200 watts RF OUTPUT. Built-in balun, too! 

$6gg5 
With the NEW MFJ Super Antenna Tuner you I! travels well, too. Its ultra compact slze 5 x 2 ~ 6  11 w~th ln  30 days for a refund (less sh~pplng) Thls 

can run your full transceiver power output - up to Inches fits eaClly rn a small corner of your su~tcase tuner IS uncond~t~onally guaranteed lor one year 
200 watts RF power output - and match your The secret of this Hny, powerful tuner 1s a w~de  To order, slmply call us toll-free 800-647-8660 
transmltler to any leedl~ne lrom 160 thru 1 0  Meters range 12 pos~t~on var~able lnductor made from two and charqe 11 on your BankAmer~card or Master 
whether you have coax cable, balance Ilne, or stacked torold cores and h~qh  qual~ty capacitors Charge or mall us an order w ~ t h  a check or money 
random wlre manufactured espec~ally lor MFJ For balanced order for $69 95 plus $2 00 sh~pp~nglhandl~ng for 

You can tune out the SWR on your dipok, llnes a 1 4 (unbalanced to balanced) balun IS the MFJ 16010ST Super Antenna Tuner 
~nverted vee, random wire, vert~cal, mob~le whip, built ~n Made ~n U S A by MFJ Enterpr~ses Don't Walt any longer to tune out that SWR and 
beam. quad, or whatever you have This beaulful l ime tuner 1s housed rn a deluxe enjoy solld OSO s Ordrr today 

You can even operate all bands w ~ t h  lust one eggshell wh~te  Ten Tec enclosure w ~ t h  walnu: 
exlstlng antenna No need to put up separate graln sldes 
antennas lor each band SO-239 coax connecton are prov~ded for 

Increase the usable bandwidth 01 your mobde transmitter input and coax fed antennas Ouallty 
w h ~ p  by tunlnq out the SWR from inside your car. flve way blndtng posts are used lor the balance 
Works great w ~ t h  all sol~d state rlgs ( I~ke the Atlas) line lnputs (2), random wlre input (I), and ground (1) 
and w ~ t h  all tube type rlgs Try It - no obllgahon. If not delighted, return 

This NEW MFJ Deluxe Keyer at $69.95 . . . 
giv than any other keyer available. 

----- 

BDsed on the Curtis 8043 IC keyer on a ch~p, the AM controls are on the front panel speed, we~ght, ellmlnates wnlk~rlq $29 95 plus $2 00 for shlpplng 
new MFJ Deluxe Keyer glves you more features per tone, volume, lunct~on swltch Smooth hea r  speed and handllnq 
dollar than any other keyer ava~lable control 8 to 50 WPM Try 11-no obhpation. If not del~ghted, return 11 wlth 

sends bmh, automatlc, semi automatlc, manual Weqht control lets you adjust dot dash space ~n 30 days for d refund (less sh~ppcng) Thls keyer Is 

Use squeeze slngle lever or stra~ght key ratlo makes your s~gnal dlst~nctlve to penetrate thru uncond~t~onally guaranteed lor one year 

b m b c  squeeze key operation w ~ t h  dot and dash heavy ORM lor OX To order, slmply call us toll-free 800-647-8660 

lnsertlon lets you form Characters with mlnlmal wrist TOM contml. Room fllllng volume Built ~n speaker and charge 11 on your BankAmer~card or Master 

movement lor comfortable. fat~que free sendlng Ideal lor clas'room teaching Charge or mall us an order w ~ t h  a check or money 

Semi-automahc "bug" operahon prov~des automatic 
Funchon switch selects off. on, seml automat~cl order for $69 95 plus $2 00 sh~pp~nglhandl~ng for 

C the MFJ 8043 keyer and/or $29 95 plus $2 00 shlp 
dots and manoal dashes Use r manual stralght key m ~ ~ ~ ~ l ~ $ ~  i:vhe l ~ : ~ ~ r e  plnglhandllng lor the squeeze key 

safely key your transmitter Or lo Improve your 'Ist up to d year on 4 C cells Mlnlature phone lack for Don't Walt any longer to enjoy the pleasures of the 
Dot memwy, self completing dots and dashes, external power (3 to 15 VDC) new MFJ Deluxe Keyer Order today 

lam proof spacing and Instant start lor accurate and Beauhful Ten Tee enclosure. Eggshell white, 
preclse CW walnut vdes Compact 6 x 6 ~ 2  ~nches 

Totany RF proof. NO problems, whatever Three conductor quarter inch phone lack for key. MFJ ENTERPRISES 
Ultra-rebaMe solid-state keytng. Keys virtually any phorlo larks for key~nq outputs P. 0. BOX 494 H 

tran,,mltter grid block -300V max . 10 ma, max . Ophonal squeeze key. Dot and dash paddles have MISSISSIPPI STATE, MS. 39762 
cathode and sol~d state transmitters + 300V max , fully ddlustabl~ tens1011 and spaclnq for the exact 

'feel you Ilk? Heavy base w ~ t h  non s ~ ~ p  rubber feet CALL TOLL FREE. . 800-647-8660 
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:and look 
Jim Fisk 

At a recent meeting with FCC staffers in Washington, it wasn't surprising that the two items which 
received the most attention were type acceptance and the proposed linear amplifier ban. Both were 
brought on by the illegal use of amateur equipment by CBers, and it was generally agreed that neither type 
acceptance nor an outright ban on linear amplifiers would cure the basic problem - that can be solved on- 
ly by preventing amateur equipment from getting into the hands of unlicensed operators. 

The proposal by the San Antonio Repeater Organization (SARO) that would require presentation of a 
valid amateur license at the point of sale before amateur equipment could be purchased (Second Look, 
June) is one possible answer to the problem which has been widely endorsed by the amateur equipment 
manufacturers. Unfortunately, members of the FCC legal staff don't feel the FCC has the authority to im- 
pose such a regulation under their present charter. The Communications Act is presently being overhauled 
by Congress, however, and it is suggested that amateurs write to their Congressmen, asking that authority 
for point-of-sale control be given to the FCC. 

The recently formed Amateur Radio Manufacturers Association (ARMA) has endorsed the basic SARO 
proposal, as have Dentron, Drake, Heath, Kenwood, and most other large manufacturers. Only one major 
amateur equipment manufacturer has refused to endorse point-of-sale control, and it's widely reported 
that their transceiver sales to CBers are greater than those to the legitimate amateur market! Many of the 
amateur manufacturers and dealers have also agreed to follow ARMA's guidelines for point-of-sale con- 
trol, but a voluntary program is not likely to be very successful; if a CBer is unable to buy the amateur 
equipment he wants from his local dealer, both Sears and Wards list amateur equipment in their catalogs, 
and neither, apparently, has any inclination to require the purchaser to produce a valid amateur license. So 
while the flow of amateur equipment into CB hands can be slowed down, without the necessary rule 
making by the FCC, it can't be completely stopped. 

As further proof that the ban on 24- to 35-MHz linear amplifiers is unworkable, at least one resourceful 
manufacturer is now selling "amateur" six-meter linears - the user simply has to remove a jumper across 
the tuning coil to put the unit on 27 MHz! 

Here at ham radio we have been occasionally faced with the problem of deciding what is, and what ob- 
viously is not, a valid amateur product. More than one manufacturer of an "amateur"' linear has tried to 
legitimize his product by advertising the unit in an amateur magazine. Since we had no published 
guidelines on the subject, in at least one case we were forced, under threat of legal action, to accept 
advertising for a product which we felt had no place in ham radio. Therefore, we have advised all equip- 
ment manufacturers that advertising for external rf power amplifiers designed for use on frequencies 
below 60 MHz, other than those operating class C, must meet the following requirements: 

1. Amplifiers must meet all applicable FCC requirements for operating in the Amateur Radio Service. 
2. Amplifiers shall be capable of operating with at least 50 watts rms rf input drive power without ex- 
ceeding FCC specifications for spurious and harmonic output. 
3. Amplifiers shall be bandswitching and shall have no 11-meter (27 MHz) bandswitch position. 
4. Amplifiers shall require the use of an external ON-OFF keying line for transfer from the standby to 
operate modes of operation. 
These standards have been designed to reflect the requirements and practices currently in use in the 

Amateur Radio Service. As the state of the art advances, it may be necessary to revise these requirements, 
but there will be no special exceptions or case-by-case dispensations. This policy becomes effective with 
the October, 1977, issue of ham radio. 

There is probably no way to completely cut off the flow of amateur equipment into the CB marketplace, 
but if it can be reduced to a trickle, perhaps amateurs won't be saddled with regulations which would vir- 
tually eliminate commercial linears that operate on the amateur 10-meter band. 

James Fisk, W1HR 
editor-in-chief 
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-- 
THE NEW ICOM 4 MEG, MULTI-MODE, 2 METER RADIO 

ICOM introduces the first of a great new wave of amateur radios, with new styling, 
new versatility, new integration of functions. You've never before laid eyes on a 
radio like the IC-211, but you'll recognize what you've got when you first turn the 
single-knob frequency control on this compact new model. The IC211 is fully 
synthesized in 100 Hz or 5 KHz steps, with dual tracking, optically coupled VFO's 
displayed by seven-segment LED readouts, providing any split. The IC-2 11 rolls 
through 4 megahertz as easily as  a breaker through the surf. With its unique ICOM 
developed LSI synthesizer, the IG211 is now the best "do everything" radio for 2 
meters, with FM, USB, LSB and CW operation. 

The IC211 is so new that your local dealer is still playing with his demo. Just 
hang in there and you can grab this new leader for yourself. ICOM's new wave is 
rolling in. 

Fnquency Cwsraga: 144 to 148 Mhz Sekcllvlty: SSB * 2.4 KHz w leas at -60db Power Supply: Internal. 11N AC or 13.W DC 
' Synthesizer: LSI based 100 Hz or 5 KHz PU.  FM * 16 KHz or less at -60db Power Output. 10W PEP (SSB) 1MN CW. FM) 

using advanced techniques ~sndthrlty: SSB 0.25 uv lOdb SINAD sire: 1 1  tmm i x 24tmm w x 2 k m m  b 
Modes: SSB (A3.J). FM (F3). CW ( A l )  FMO4uvfofZOdbQS. Weight: 6 8 kg 

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA 
Suite 3 Suile 307 7087 Victoria Drive 
13256 Norlhrup Way 3331 Towerwood Dr~ve Vancouver B C V5P 3Y9 
Bellevue. Wash. 98005 Dallas. Texas 75234 Canada 
(206) 747-9020 (21 4 )  620-2780 (604) 321-1833 
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COMMUNICATOR LICENSE WAS KNOCKED DOWN but not entirely out by the FCC in late July. 
As proposed, the Communicator privileges would have been phone onlv on 220-225 and 
420-450 MHz, reserving 435-438- for satellite communications. The Communicator would 
become the entry level license, with element 2 (the present Novice written exam) re- 
oriented to include phone, and Field Office administered. To upgrade to Novice, a 
Communicator would pass a volunteer-administered CW exam. 

The Commissioners' Final Vote was unanimous against funding the Communicator in next 
yeaFs budget. Their rejection was tempered, however, by a recommendation that the con- 
cept be recoordinated with the objectors and then resubmitted at a later date. Rejec- 
tion at this time pretty well pushes the time-table for the Communicator back another 
year, until early 1980. 

FCC-HOSTED "MEDIA WORKSHOP" in Washington July 13th provided an FCCIAmateur rap ses- 
sion that was rated "simply outstanding" by the 50 or so who attended. The well-filled 
and well-organized program lasted from 9:00 AM until almost 5:00, with lunch and a 
short break to see the Commissioners at work on several Amateur agenda items (they 
okayed "AAx2" callsigns for the Extra Class callsign program) the only pauses. As an 
open, public meeting the limits placed on Amateur-FCC dialogue by the Home Box Office 
rule did not apply. Personal Radio Division Chief John Johnston chaired the session 
smoothly but flexibly, with give-and-take rather than formal type presentations the 
format. Only limitations were that we were not to "advise" or "recommend" - only 
"discuss" and "provide information." 

ARRL'S BOARD MEETING in Hartford July 21-22 covered a mixed bag of topics, old and 
new, recording some very significant accomplishments. One of the more important deci- 
sions was to have the League become more active on the Washington scene, with a Newing- 
ton staffer to spend full time on ARRL Washington activities; the League President, 
Vice President, General Manager, and General Council designated to represent the ARRL 
at forthcoming Congressional hearings that concern Amateur Radio; and the taking of 
necessary steps to ensure that the League complies with Lobbying regulations while 
maintaining an effective voice in Washington. 

RUSSIAN AMATEUR SATELLITE'S FRE UENCIES have just been officially filed by the 
Russians with the International Fr2quency Registration Board, further confirming the 
impending launch of a Soviet Amateur spacecraft. Called the "USSR Amateur System 
'RS" in the IFRB filing, the spacecraft is to have a 950 km (590 mile) high gear 
circular, 102 minute orbit with 820 inclination, with a 145.8-145.9 MHz in, 29.3-29.4 
MHz out. 1.5 watt peak output transponder. Three to four satellites in all are pro- 
posed, to be launched in 1977-1978.- 

AMSAT's AO-D Launch is now firming up for February 23 and is planned to put the 
satellite into 102.8 minute orbit with an apogee of 935.4 km (577.38 miles) and a - - 
perigee of 888.8 km (548.665 miles). 

AMATEUR LICENSE FORMS have arrived at Gettysburg to break up an almost six-week 
logjam in Amateur license distribution. An expedited preliminary shipment of 50,000 
forms showed up in early August, and FCC personnel were hopeful they'd have the old- 
est of the backlogged licenses printed and in the mail within a week. 

TWO-METER SIGNALS CROSSED THE ATLANTIC the end of June when PY20B in Sao Paulo, 
Brazil heard TU2EF in the Ivory Coast on 145.2-MHz CWI A two-way contact didn't re- 
sult at the time, but a series of followup attempts were under way by TU2EF and TU2GA 
with PY20B and other Brazilian VHF buffs on the other end of the 3496-mile (5665km) 
circuit. 

On Six Meters, long haul has also been prevalent with a contact between WB2RLKlVEl 
and KH6H1, and a number of U.S. stations working into northern South America. The 
50-MHz beacon on Gibraltar is supposed to be back on the air shortly, sup?lementing 
France's FX3VHF on 50.1 MHz while South Africa has another form of six-meter beacon 
with a new channel 1 TV station. 

HAM RADIOfHAM RADIO HORIZONS Assistant Advertising Manager, Cindy Schlosser, left 
Greenville August 12th to become Advertising Manager for Solar A s ,  a trade magazine. 
A nice upward move for Cindy, who'll be missed in Amateur circles. 





THE 
NEW 

HEATHKIT 
SB-104A 

TRANSCEIVER 

MAKE IT THE HEART OF 
YOUR ULTIMATE SSB/CW SYSTEM! 

The world-famous SB-104 improved. or better! Alignment requires only a 
The SB-104A now offers improved re- dummy load, mike and VTVM. 
ceiver sensitivity and a fully-assem- 
bled and tested receiver front end Complete SB-104~ SPECIFICATIONS 

Frequency Coverage: 3.5 MHz through 29.7 MHz circuit board greatly reduced as- 
amateur bands. 15 MHz WWV receive only. Fre- 

sembly time. And it's still at the Same quency Stabil~ty: Less than loo Hzlhr drift after 30- 
low price! min. warmup; less than 100 Hz drift for 2 1 0 %  

change in primary voltage. Readout Accuracy: W~th- 
Totally broadbanded, completely in 2200 Hz 2 1  count. Dial Backlash: 50 Hz max. 

solid-state, the S B - 1 0 4 ~  operates Phone Patch Impedance: 4 ohm output to speaker; 
high Impedance to transmitter. TRANSMITTER - RF 

USB, LSB, or CW. GO from CW on the Power output: ~ ~ g h  Power: (50-ohm non-reactive 

low end of 80 to USB on the high end load). SSB: 100 watts PEP f 1 dB; CW: 100 watts 
2 1  dB. Low Power SSB: 1 watt PEP (minimum); CW: 

of 10 in seconds while maintaining 1 watt (rn~n.). Output Impedance: 50 ohms, less than 
0.5 pv receiver sensitivity and a full 2:' SWR. Carr~er Suppresston and Unwanted Side- 

band Suppression: -50 dB down from 100 watt sin- 
100 watts transmitter Output. Just gle-tone output at 1000 HZ reference. Harmonic 

choose the band and select the mode; ,R;,d;;:;;,"; 4_04{~~~;;ln1~4W;{;,"~p,"~;r~;r?;; 
no more preselector, loading or tun- de farther than 54 MHZ. Microphone Input: High 

ing controls. ,Just flick a switch for impedance. -45 to -55 dB: approx. 22k ohms. 
RECEIVER - Sensitivity: 0.5 r V  for 10 dB S+NlN 

instant 1-watt QRP output. The SB- tor sse. Selectivity: 2.1 k ~ z  minimum at -6 d ~ .  5 
104A offers true digital frequency kHz max. at -60 dB. (2:l nominal shape factor). 

CW Selectivity: (with accessory CW filter) 400 Hz at 
readout and sDecS and ~erformance -6  d~ 2  HZ rnax. at -60 d ~ .  Audio outout: 2.5 

I 

I HEATH Heath Company, Dept. 122.332 

1- 
, . . . Benton Harbor, Mlchlgan 49022 

( Please send me my FREE Heathkit Catalog. 

I 
I am not on your marling list. 

I Name 

THE BIG NEW 
I HEATHKIT CATALOG ( A ~ ~ ~ S S  Read all about the SB-104A I 

Send for your copy today! 
and it's exciting station : CIW accessories in the new I There's more for the 
Heathkit Catalog! 

ZIP I ham at Heath 
::&I 

# Heath Company, Dept. 122-332 
w m l l l l l l = = l l = - = = - l = l  Benton Harbor. Mlchlgan 49022 
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interlaced sync generator 
for ATV 

camera control 

Complete, interlaced 
camera control 

is provided by 
this digital 

sync generator 

Over the last few years a number of fast-scan tele- 
vision sync generators have been described, some 
simple and others complex. In general, most of these 
designs were either too costly or they required ex- 
pensive test equipment to accurately adjust pulse 
widths and timing. Recently though, a number of 
manufacturers have developed single IC sync gen- 
erators. However, both the cost of the IC and the 

amount of additional logic required makes that ap- 
proach rather expensive. (Although it does eliminate 
the need for external setup adjustments). This sync 
generator provides all of the control signals that are 
required to run a broadcast-quality television camera, 
yet it is inexpensive and requires no adjustments to 
provide accurate pulse timing. 

I believe the sync generator to be described here 
eliminates both high cost and external setup draw- 
backs by providing the following features: 

1. Readily available TTL ICs are used throughout, 
providing easy access to parts. 

2. All components are inexpensive. 

3. No timing or alignment adjustments are re- 
quired. 

4. Low power requirements simplify power supply 
design, + 5 volts at 350 mA. 

5. A free-running oscillator can be used f o i  those 
designs not needing extreme frequency stability. 

6. Compact size. The entire circuit (exclusive of 
the power supply) can be built on one 3 x 6 inch 
(7.6 x 15.2cm) circuit board. 

This sync generator has a number of very practical 

By Arthur Towslee, W A 8 R M C ,  180 Fairdale 
Avenue, Westerville, Ohio 43081 
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uses considering its cost and overall size. My primary generator for TV alignment or the master control for 
purpose is for An/  interlaced camera control. A TV character generators. 
future article will describe full construction details of 
the RMC (Reliable Mini Camera). Other applications genera' description 
include main timing for an accurate bar-dot A block diagram of the unit is shown in fig. 1. All 

I .  HORIZ 

HORlZ SYNC SET 
S m c  

HWIZ nwc wnr 
L INE 

DECODE 
CIRCUIT -nORlZ 

- 100 
* 

W R I Z  B U N K  SET 
BLINKING 

M H  
MASTER 
CLOCK 

MimlZ 
CAMERA 
DRIVE 

HORlZ B L W M  RESET 

SERRATION RESET t HORtZ a - .?> VERT 
B L A N U M  

HIGH - C> MLTAGE 
DRIVE 

,VERT VERT 

-BLANKING 
9 5) CAMERA 

I 
VERT BLWK SET 

DRIVE - FRAME 
DECODE CIRCUIT 

r 1-5251 1 
VERT BLANK RESET 

I 

fig. 1. Block diagram of the complete interlaced sync generator. 

fig. 2. Parts overlay for the generator. The oval pads indicate a feedthrough point which does not contain a component. The 
jumper must be connected for the desired vertical blanking time. Pin 1 of each IC is designated on the circuit board to prevent 
installing the IC Improperly. The crystal socket Is an Augat 8000D or equivalent. 
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fig. 3. Schematic diagram of the sync generator. Capacitors C3 through C12 are disc ceramics; resistors R2 and R3 are W-wan. CR1 and CR2 (IN270 or 1N47A) and C13 are omitted 
when slaves are not used. 



ICs are standard, easy-to-obtain 7400 series TTL de- 
vices mounted on a single 3 x 6 inch (7.6 x 15.2cm) 
double-sided printed circuit board. All outputs are 
standard totem pole voltage levels. These outputs 
will be described using the following definitions: H is 
the total time required for the scanning beam to 
travel across one horizontal line and is equal to 63.5 
microseconds. V is the time required for the same 
beam to travel from the top left to the bottom center 
of the TV raster and is equal to 262.5 horizontal lines 
or 16.66 milleseconds. V is equal to one picture field 
where two fields are required for each frame. One 

complete frame contains 525 horizontal scan lines. 
Therefore, 2V = 33.33 milliseconds or 1/30 Hz, pro- 
ducing 30 complete frames per second. 

outputs 
Before discussing the outputs (fig. 31, there 

should be an understanding of the terminology used. 
When referring to the logic signals, either plus or 
ground is used to denote the true state. For example, 
if the desired signal is a positive-going pulse it would 
be referred to as a plus true signal. For a negative 
pulse, it would be ground true. 

fig. 4. Circuit board layout for the top side of the board. At  the point on the board marked with a small X, the trace can be broken 
for slave operation as explained in the text. 

fig. 5. Layout for the bottom side of the printed circuit board. 
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DESIRED PULSE 

fig. 6. Method of windowing pulse trains to obtain a single 
desired pulse. 

1. Pin E - Camera horizontal drive. This is a plus true 
pulse 0.16H wide, starting at zero H, and is used for 
driving the camera horizontal sweep circuit and for 
vidicon horizontal blanking. 

2. Pin 5 - Camera vertical drive is a plus true pulse 
20H wide starting at zero V and is used for driving 
the camera vertical sweep circuit and for vidicon 
vertical blanking. 

3. Pin 2 - Processor mixed blanking. This is a plus 
true pulse that is the combination of the vertical and 
horizontal drive pulses. It is used in the video proces- 
sor to insert blanking into the video. 

4. Pin 4 - Processor composite sync is a combina- 
tion of ground true pulses composed of serration 
pulses, equalizing pulses, vertical sync, and horizon- 
tal sync pulses. A more detailed description of this 
pulse chain will be covered later. 

5. Pin F - Master clock. This pulse chain, with a 
symmetrical period of 0.01H, is used when i t  is 
desired to slave one or more sync generators from a 
master unit. On the slave units, point X is broken and 
the crystal removed. 

6. Pin C - High voltage drive. This is a symmetrical 
square wave signal with a period of 1 H used to trig- 
ger a high-voltage converter for vidicon operating 
voltages. 

7 .  Pin B - High voltage disable is a ground true in- 
put that will kill the high-voltage drive upon the fail- 
ure of any correct operating condition. If this pin 
is not used, i t  must be connected to pin D ( + 5V). 

8. Pin 3 - First field sync. This is a ground true pulse 
approximately 10 microseconds wide starting at zero 
H. It facilitates troubleshooting the circuitry by pro- 
viding an oscilloscope trigger to view the first (odd) 
field. 

9. Pin A - Second field sync is a ground true pulse 
approximately 25 microseconds wide starting at 
262.5H. I t  provides triggering to view the second 
(even) field. 

10. Pin G - VlTS enable. This pulse is ground true, 
2.5H wide starting at 17.5H and 280H. It is used to 

enable test signals presented to the video waveform 
for 2.5 horizontal lines immediately prior to un- 
blanking of the waveform. Broadcast TV uses this 
time to generate Vertical Interval Test Signals critical 
to quality analysis of the video waveform. However, 
little if any use of this feature is needed in most 
television cameras. 

11. Pin 1 - Ground 

12. Pin D - Vcc, + 5 volts at approximately 350 mA 

Master oscillator. The master oscillator is a novel 
design1 using half of a 74123 dual one-shot retrig- 
gerable multivibrator. A 74122 may be used instead, 
but it is not pin compatible. I believe the 74123 is also 
a bit easier to obtain. Minimal parts are needed and 
the output is a symmetrical TTL compatible square 
wave. R1 and C1 form a series resonant RC circuit 
slightly above the crystal frequency. Without the 
crystal the oscillator would free run at the frequency 
determined by these values. The 74123 Q output 
starts in a low state and switches to a high state 
after C1 charges. The high state is unstable, how- 
ever, and the one-shot discharges the Q output 
through R1 returning Q to a low state which repeats 
the cycle. Even though I use a crystal to make this 
oscillator stable, by careful selection of R1, a good 
metal film resistor, and C1, a good silver mica capaci- 
tor, the oscillator will free run with sufficient stability 

[ N O  HEAT SINK REOUIRED 

CERAMIC 

126VCT AT IAMP XFMR 
STANCOR P-8384 OR EQUAL 

fig. 7. Typical power supply for the interlaced sync 
generator. 

for ATV operation. I use an International Crystal type 
Ex crystal because of its low cost and easy crystal 
availability. 

Following the oscillator is a simple divide-by-two 
flip-flop to produce the main control clock for the 
rest of the circuitry. The total period at this point is 
0.01H which has a low state for 0.005H and a high 
state for 0.005H. At this point the circuit may be bro- 
ken for slave operation from another source or it 
could serve as the master clock for other devices. 

Line decoding. A number of counters and flip-flops 
combine to form window circuits for the purpose of 
extracting the horizontal sync and blanking pulses 
(fig. 8). A total frequency division of 100 provides a 
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I C  DESIGNATION 

-10  

UI-11 D n n n n n n m n 
I I I I I 
1 I 

U 2 - 9  B ' 
2 N 0  COUNTER f:: 1 1 

I L 

I 

-10 U 2 - 1 1  D I I 1 7  I 
A 7 l  I I I 

L 
1 I I I I 
I ! I 

SYNC RESET U 4  - 2  RESET 7 I I 
BLANKING RESET U 4 - 6  RESET 1 I 

I I I 

n -P 
PIN E BLANKING OUTPUT U 4 - 8  0 

SYNC OUTPUT U 4 - I 2  

SERRdTlON PULSES U S - I t  0 
SERRATION SET U 5  - 1 TOGGLE 

m 
I 

EQU4LlZlNG PULSES U S - 8  3 
EOU4LIZING CLOCK US - 5  TOGGLE r 7  

SERRATION RESET U 5  -2 RESET 
SERRATION CONTROLU16 - I  

fig. 8. Horizontal interval waveforms. Note that the sync pulse starts after blanking starts and ends before the picture is 
unblanked. 

1 H pulse chain to drive the vertical circuits. The win- ing this approach, it is easy to identify one pulse in a 
dowed pulses from U1 and U2 combine to form the series of thousands, within any given time period. 
set and reset lines for the J-K flip-flops, U4. 

It is appropriate at this time to briefly describe 
window circuits because the entire logic is built upon 
this approach. To window a pulse chain simply 
means to extract only a portion of the pulse informa- 
tion, with respect to time. For example, in fig. 6, 
a particular line (input A)  has four pulses in a given 
time frame and it is desired to extract only the first 
one. This series of pulses is logically ANDed with 
pulses of a lower repetition rate (input B), producing 
an output only when both inputs are plus. Therefore, 
of the four pulses at input A and the two pulses at 
input B, the output is true for only two of them. 
This is subsequently repeated with a third pulse train 

Frame decoding., The 1V time interval requires 1 H 
to be divided by 525. The combination of U8, U9, 
and U10 provide division by 5, 15, and 7, respective- 
ly, for a total of 525. The outputs then feed U11 to 
obtain the basic vertical frame rate (fig. 9 ) .  I've pro- 
vided an optional vertical blanking time of either 16H 
or 20H, the latter being the standard. If it is desired to 
unblank after the 16th horizontal line, providing four 
extra lines of active video, put the jumper in the cor- 
responding position. In reality, this feature has only 
minimal value and, I confess, wouldn't have been 
provided had it not been for an available 3-input gate 
with just 2 inputs used. 

(input C) to produce the desired output. By extend- Vertical retrace and equalizing pulse decoding. 

IC DESIGNATION 1iVl 12VJ 
2 6 2  5 133  3 3  M S I  525H 

IC B PIN NO 7 5 0  100 150 2qO 2% 1 3YO 3 7 0  4 5 0  

nnr~wuwmmmunnr- 490 
. - 

4 T H  COUNTER 

US - I I 0 i r - 1 - r-1~- 
I 

I I 
BLANKING SET*  U l l -  5 TOGGLE I " n n L n ~n n n n  n n e 

1 
I I 

I I /  1 I 1 - 11 r I 
5TH COUNTER U I O - 9  8 4  I -2-1 1- J L 

UIO-a c i I I L 

I I 
BLANKING RESET U11-6  * . . -- -- 

I 
PIN 5 - BLANKING 

I - 
I 

OUTPUT --- .. - -- -. 
PIN A - 2 N D  FIELD SYNC U19- 1 l 

P I N 3  -1ST FIELD SYNC UIS 3 U - -  -- - ' 
P I N 6  - VlTS ENABLE* U17-6  

t 
1 - 

U 
---d 

1 k-- - - 1ST F IELD ACTIVE PICTURE INTERVAL 2 I--ZNO FIELD ACTIVE PICTURE INTEHVAL-4 1 TOP L E F T -  1 TOP CENTLR- BOTTOM RIGHT-> 

RETRACE 8 

t START OF PlCTURF END OF PICTURE 1 
I I I 

* THESE WAVEFORMS SHOWN 
l 
it 

WITH BLANKING JUMPER 
IN  2 0 H  POSIT ION 

fig. 9. Vertical interval waveforms. Both fields are shown. The first field starts at OH and the second at 282.5H. The first field 
covers from the top left to the bottom center of the picture while the second covers the bottom center to bottom right. 
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This circuitry produces the vertical serration, sync, 
and equalizing within the vertical blanking time. No 
further frequency division is required, but some 
rather fancy manipulation of flip-flops and window 
circuitry is necessary to generate the waveforms re- 
quired by EIA standards. The serration pulses are 
combined with the vertical sync to produce serrated 
vertical sync (U17 p3) which is then added to the 
equalizing pulses, providing composite vertical sync 

serration pulses determine proper operation of the 
vertical retrace and also the accuracy of the inter- 
lace. Good interlace is not only determined by the 
quality of the camera, but also by the proper func- 
tioning of the receiver sync separator. Providing a 
crystal-controlled time base and dividing the hori- 
zontal frequency by 525 by itself does not guarantee 
true interlace! 
Logic reset circuit. Although no power up resetting 

SECOND FIELD- 262 5 H  263 5 2 6 4  5 2 6 5  5 266 5 2 6 7 5  2685 269 5 2 7 1 5  2 7 2 5 H  
FIRST FIELO - O W  I? ? ' , O  

10 OH 

HORIZONTAL BLANKING U 4 - 9  0 I 

3.0 C Y E R  {::: 
U B - l l  0 1  I - - - - 

I I I 
1 US- I2  A 1 J L 

I 4 1 "  COUNTER - I 5  6:: 
C L '  I r 

U 9  -1 l 
I 

VERT RETRACE CONTROL I UIS - l 02H 7J* 4 b 0 7 H  
OZH 

vERT RETRACE CONTROL 2 U I 5  -4 J L T U U L I U ~ ~  
II I 1 I I I I 

SYNC RESET U I I - 2  RESET 

SYNC SET  U I I - I  n n n  n n n  
I 

EOUALI I ING CONTROL U S - B  'OGGLE 
" 

i i HOR SYNC DISABLE I UIB-12 04M$k 4Lo'H , . 
EOUAL PULSE RESET U S - 6   RESET^; G u u U U U I Y U ~ U U  

EQWLlz lNG a ,y u u u u  I .- U U U U l l U U  I 
VERT SYNC INTERVAL UI1-13 5 ' 1  I I 7 

I 

SERRATED VERT SYNC UI7  3 

COYPOSITEVERTSINC U17- l l  - n L-n -n I 
HOR SYNC DISABLE 2 Uld-I0 ' I  

- r 
I 

n n -n n I U  u u u u  U - r  - 5H 
4) 0 7 ~  

EDESlCNATlON 6 SERRATION PULSES 6 EQUALIZING PULSES - V E R T I C A L  SYNC W L S E  INTERVAL 

3 G2H &JL 6 0 2 H  10 1 0 2 ~  

fig. 10. Vertical retrace interval waveforms. This illustrates how the composite sync is constructed. 

(U17 p l l ) .  The horizontal sync is next added to pro- 
duce composite processor sync which contains ser- 
rations, equilizing pulses, vertical sync, and horizon- 
tal sync. A basic understanding of the significance of 
serration and equalizing pulses is required to fully 
appreciate the required logic. 

At every 1H, or multiple thereof (fig. 101, a sync 
pulse must occur to keep the receiver horizontal 
oscillator on frequency. Therefore, equalizing and 
serration pulses occur at a 1/2H repetition rate 
during vertical blanking to provide a uniform transi- 
tion from the even to the odd fields. Also, looking at 
the receiver's sync separator circuitry, it's observed 
that the capacitor-coupled integrator depends upon 
average dc level to separate vertical from horizontal 
sync. Therefore, the negative-going equalizing 
pulses help establish this transition by providing a 
higher positive average voltage just prior to vertical 
sync. When the transition to vertical sync takes 
place, the positive-going serration pulses keep the 
horizontal oscillator locked while producing a lower 
average dc level. The receiver integrator charges at 
this point until it resets its own vertical ramp and re- 
trace takes place, so the existence of equalizing and 

is required for normal single camera operation, pro- 
visions have been made when using a master-slave 
approach to reset all generators to zero and start 
from the same point. This can be accomplished by 
making the value of C13 significantly larger in the 
master unit than in each slave. Then at power up, all 
units will be reset to zero and held there for a time 
determined by C13 and R3. If the master unit has a 
longer time constant it will be held reset longer than 
each of its slaves. Since the master feeds the control 
clock to each slave, when the master is reset the 
slaves also stay reset. The purpose is to prevent the 
master unit from feeding pulses to the slaves before 
they complete the reset command. If the generator 
is not used with slaves, C13 as well as CR1 and CR2 
may be omitted. 

One final point, the placement of CR1 and CR2 
appears to violate the loading rules of TTL active 
gate outputs. However, the time duration that a 
short circuit exists is not long enough to present 

'A drilled printed circuit board for $9.00 postpaid is available from 
Automation Engineering Company, 3621 Marine Drive, Toledo, 
Ohio 43609. 
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problems, and is within the safe operating para- 
meters of these devices. 

The complete sync generator is contained on a 
3 x 6 inch (7.6x15.2cm) double-sided printed-circuit 
board. Artwork for the top and bottom is shown in 
figs. 4 and 5 for those who wish to duplicate the 
board." If desired, breadboard or wire-wrapped ver- 
sions can be constructed if the following precautions 
are observed. First, all leads should be as short as 
possible. This is especially true in the oscillator and 
counter (U1) areas. The high frequencies involved 
could cause noticeable radiation to other units, es- 
pecially video preamps. 

Make liberal use of bypass capacitors at the + 5 
volt terminal of each counter or flip-flop. A good ce- 
ramic capacitor of at least 0.1 pF or higher should be 
used. Note also that I have used 220 pF capacitors at 
strategic points in the circuit. This is to eliminate pos- 
sible switching spikes being generated in the ripple 
counters. It is possible to redesign this circuit using 
synchronous counters, but no problems have been 
encountered in a number of units constructed. 
Finally, I do not recommend sockets for the inte- 
grated circuits! More time has been spent trouble- 
shooting faulty socket connections than for bad ICs. 

power supply 
As mentioned earlier, a single 5 volt, 350 mA 

regulated power supply is required. A simple recti- 
fier circuit followed by an LM309K regulator (fig. 7 )  
is quite satisfactory. The regulator does not require a 
heatsink. 

conclusion 
A good sync generator, easy on the pocketbook 

and also to build, is always welcomed by the serious 
ATV enthusiast. I believe that this article meets these 
criteria. My intentions were not to dive into a theory 
session on TV sync generation, but to accentuate 
some key points that have been left out of previous 
articles on amateur television. A future article will 
describe a complete television camera using four 
printed-circuit boards including this sync generator. 
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tracking the 
OSCAR 

Orbital positions 
and your range capabilities 

can be determined easily 
with the aid 

of a few simple charts 

Many articles, aids, information, and data'-6 have 
been published on the use of the OSCAR 7 satellite. 
However, some questions still remain unresolved: 
How do you work over long distances? How do you 
communicate with the satellite over periods of one or 
?two minutes? How do you establish the physical 
limitations of your communications capabilities? 

The article attempts to provide answers to these 
questions. All you need are the few easy-to-make 
visual aids described here and an understanding of 
some of the basic concepts about OSCAR 7 and your 
ground station. 

background 
OSCAR 7 is located 900 nautical miles (n. mi.) (1036 

statute miles or 1668 km) above the earth's surface.* 
OSCAR 7 completes one orbit around the earth every 
114.9 minutes. The satellite moves at about 23,000 
fps (7000 mps). I t  can see a section of the earth's 
surface of 2250 n. mi. (4167 km) in all directions. 

Theoretically, if you were riding in OSCAR 7, you 
could see two points on the earth's surface that are 
4500 n. mi. (8334 km) apart. There is, though, a very 

satellites 
significant limit to  OSCAR 7 as a communications 
tool. OSCAR 7 is usable only if it's in the visibility re- 
gion of your ground station. Your visibility region is 
limited to the line-of-sight distance between your 
station and the satellite as it moves in space. Unless 
two stations on .the earth's surface are closer than 
4500 n. mi. (8334 km) they can't communicate, since 
OSCAR 7 is a line-of-sight repeater. 

Each operator using OSCAR 7 is faced with the 
following problems. He must be able to 1) locate 
OSCAR 7, 2 )  establish what cities or stations are 
within his maximum communications capability, and 
3) know when and where OSCAR 7 will be passing 
through the region of mutual visibility. 

graphical aids 
These three problems are not difficult to resolve, 

and learning to use OSCAR 7 is a simple process. The 
starting place is in constructing or obtaining the few 
simple graphical aids required. We call them the 
Precision Orbital Position Plotting Chart, (POPP 
chart is shown). The POPP has been instrumental for 
establishing satellite communications between San 
Jose, California and Sapporo, Japan during commu- 
nications periods as short as one minute. The POPP 
chart is shown in two forms: a polar-sterographic 
map projection of the northern (or  southern) 
hemisphere, fig. 1, and a Mercator map projection of 

'Distance measurements are given in nautical miles (n. mi.), 
which are longer than the statute mile by 1.15. The nautical mile 
is used for navigational purposes. Each nautical mile is the dis- 
tance of longitude measured at the equator (6086feet or 1.85 km). 

Editor. 

By W.  R. Harmon and N. Patrick Peter- 
son, WAGUAP. Mr. Harmon's address is 
10560 Stokes Avenue, Cupertino, California 
95014; WAGUAP may be reached a t  1422 
Bretmoor Way, San Jose, California 95129 
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fig. 1. Polar-stereographic projection of the northern hemisphere used for the Precision Orbital Position Plotting (POPPI chart. A 
similar projection for the southern hemisphare is availablo from hem mdio.. 

the world, fig. 2. The polar-stereographic projec- 
*Large polar-stereographic projections of the northern and south- 

's preferred good reason; because of the ern hemispheres, suitable for constructing your own graphical 
geometric characteristics of such a projection, the tracking aid, an, available for $1.00 postpaid from re&, 
ground-station mutual visibility regions may be plot- Greenville, New Hampshire 03048. 
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fig. 2. Mercator projection of the world showing visibility regions of four ground stations. Note that the visibility regions are not 
circles. This projection is less desirable for a POPP chart than the polar-stereographic projection of figs. 1 and 3. 

ted as perfect circles, fig. 3. This is not true for the LAN is the time and longitude when the satellite's 
Mercator projection, nor for the polar projections ground track crosses the equator on each south-to- 
which are usually used by Amateurs for satellite north pass. 
tracking. The Mercator projection is complex and dif- Select a potential contact inside the 4500 n. mi. 
ficult to use, particularly for stations at latitudes more (8334 km) range and plot his visibility region on your 
than 45 degrees north or south. chart. This circle of visibility should include your 

The Steps in making a '0'' 'ha' for use with station visibility region to form a region of mutual 
OSCAR 7 are: visibilitv. 
1. Inscribe on your selected map projection the 2250 
n. mi. (4167 km) visibility region of your ground sta- 
tion. Also mark the 4500 n. mi. (8334 km) range from 
your station. 

2. Obtain an orbit ground track for a single OSCAR 7 
pass and plot this orbit on a clear acetate overlay of 
the map you plan to use. The orbital path should in- 
clude the times marked at one-minute intervals (see 
figs. 4 and 5). 

3. Obtain the schedule of the OSCAR 7 longitudes of 
ascending node (LAN) times and 10cations.(~~8~9~ The 

5. With the satellite-orbit overlay, find an LAN that 
results in the orbit transversing the region of mutual 
visibility. 

6. Add the time of the LAN to the elapsed orbit 
ground-track time entering and leaving the region of 
mutual visibility. This time period then becomes the 
communications-time window. 

7. Calculate or estimate your antenna pointing azi- 
muth for the region of mutual visibility. 

8. Set up equipment, wait for the proper time, then 
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table 1. Latitude and longitude of OSCAR 7 orbits at one-minute 
intervals for the northern hemisphere. 

time latitude longitude time latitude longitude 
(min.) (deg. north) (deg. west) (min.) (deg. north) (deg. west) 

0 0 140.00 29 78.23 242.37 
1 3.07 140.89 30 77.56 257.29 
2 6.15 141.70 31 76.20 270.05 
3 9.22 142.60 32 74.33 280.25 
4 12.29 143.60 33 72.12 288.22 
5 15.36 144.52 34 69.66 294.46 
6 18.43 145.47 35 67.04 299.42 
7 21 .49 146.47 36 64.31 303.45 
8 24.55 147.45 37 61.51 306.78 
9 27.61 148.49 38 58.64 309.60 

10 30.67 149.50 39 55.73 312.03 
11 33.71 150.72 40 52.79 314.16 
12 36.75 151.93 41 49.82 316.04 
13 39.79 153.21 42 46.83 317.74 
14 42.81 154.60 43 43.83 319.28 
15 45.02 156.09 44 40.81 320.70 
16 48.81 157.74 45 37.78 322.02 
17 51.79 159.55 46 34.74 323.25 
18 54.74 161.59 47 31.70 324.41 
19 57.66 163.91 48 28.64 325.52 
20 60.54 166.50 49 25.59 326.57 
21 63.37 169.73 50 22.53 327.59 
22 66.13 173.50 51 19.46 328.57 
23 68.79 178.11 52 16.40 329.53 
24 71.31 183.87 53 13.33 330.46 
25 73.62 191.20 54 10.26 331.38 
26 75.62 200.59 55 7.18 332.28 
27 77.17 212.49 56 4.11 333.18 
28 78.09 226.79 57 1.04 334.07 

communicate. If the other station is prepared and 
waiting, you should achieve communications for one 
minute or longer, even at long distances. 

finding oscar 
The AMSAT Newsletter publistres a daily listing of 

a single OSCAR 7 LAN, the time for that LAN in GMT, 
and the orbit number. (The LAN is simply a listing 
of the geographical location on the equator where 
OSCAR 7 can be found during a south-to-north pass 
at one specific time on that day.) 

As OSCAR 7 moves in its orbit, the earth rotates 
under the OSCAR-7 orbit. After 114.9 minutes, 
OSCAR 7 will again cross the equator. This orbit will 
cross the equator 28.725 degrees west of the LAN 
given in the AMSAT listing. On each succeeding 
orbit of OSCAR 7, a new LAN is obtained, 28.725 de- 
grees west and 114.9 minutes later than the pre- 
ceding orbit. Thus, the listing given by AMSAT gives 
you the tool to locate OSCAR 7 on a regular basis. 

the oscar orbit 
OSCAR 7 is in a retrograde orbit with an inclination 

of 101.7 degrees and a period of 114.94 minutes. It 
makes approximately twelve orbits per day. A retro- 
grade orbit has an inclination greater than 90 degrees 
as measured from a plane running through the 

table 2. Latitude and longitude of OSCAR 7 orbits at one-minute 
intervals for the southern hemisphere. 

time latitude longitude time latitude longitude 
(min.) (deg. south) (deg. west) (min.) (deg. south) (deg. west) 

0 0 334.40 29 78.23 76.77 
1 3.07 335.29 30 77.56 91.69 
3 6.15 336.10 31 76.20 104.45 
3 9.22 337.00 32 74.33 114.65 
4 12.29 338.00 33 72.12 122.62 
5 15.36 338.92 34 69.66 128.86 
6 18.43 339.87 35 64.31 137.85 
7 21.49 340.87 36 64.31 137.85 
8 24.55 341.95 37 61.51 141.18 
9 27.61 342.99 38 58.64 144.06 

10 30.67 343.90 39 55.73 146.43 
11 33.71 345.12 40 52.79 148.56 
12 36.75 346.33 41 49.82 150.44 
13 39.79 347.61 42 46.83 152.14 
14 42.81 349.00 43 43.83 153.68 
15 45.02 350.49 44 40.81 155.10 
16 48.81 352.14 45 37.70 156.42 
17 51.79 353.95 46 34.74 157.65 
18 54.74 355.95 47 31.70 158.81 
19 57.66 358.31 48 28.64 159.92 
20 60.54 0.90 49 25.59 160.97 
21 63.37 4.13 50 22.53 161 .% 
22 66.13 7.90 51 19.46 162.97 
23 68.79 12.51 52 16.40 163.93 
24 71.31 18.27 53 13.33 164.86 
25 73.62 25.60 54 10.26 165.78 
26 75.62 34.99 55 7.18 166.68 
27 77.17 46.89 56 4.11 167.58 
28 70.09 61.69 57 1.04 168.47 

equator. The retrograde orbit also has a very long 
life. The rate of orbit decay is very low, and the orbit 
ground track will not change appreciably for several 
years. Thus, any effort spent in plotting the orbit 

fig. 3. Ground-station mutual vislbillty regions plotted on a 
polar-stereographic projection of the northern hemisphere. 
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will not be wasted. Tables 1 and 2 give latitude 
and longitude of OSCAR 7 orbits at one-minute inter- 
vals for the northern and southern hemispheres, 
respectively. This orbit starts at 140 degrees west 
longitude. (The first half of the orbit was calculated 
manually. 

The orbit should be plotted onto a clear acetate 
overlay of the map projection to be used, using draft- 
ing ink or other permanent medium. Carefully plot 
accurate registration marks such as the equator or 
the north or south pole. Note that the end of the orbit 
is 168.5 degrees west and 28.5 degrees east of the 
starting point. This occurs because of the earth's 
rotation beneath the satellite orbit track. Earth rota- 
tion has been accounted for at every instant along 
the orbit ground track, with the end of the orbit be- 
coming the starting point for the next orbit. 

The orbit overlay is used on the polar-stereographic 
projection with a tack or a pin at the pole, leaving 
the overlay free to rotate. The Mercator projection 
overlay must be moved back and forth along the 
equator. In either case, locate the start of the orbit at 
the location of the selected LAN. The orbit over- 
lay then locates OSCAR 7 at one-minute intervals for 
that orbit. 

END OF ORBIT N 
START OF ORBIT N S I  

An orthographic-meridional projection of the earth 
provides a convenient and accurate method for plot- 
ting a ground station visibility region. To illustrate the 
plotting techniques, we'll construct the visibility re- 
gions of four ground stations. The first step is to 
determine the northern most point (NMPI and 
southern most point (SMP) of the visibility region. To 
find these regions, you must add to, and subtract 
from, the latitude of each station the earth central 
half-angle for OSCAR 7, which is 37.5 degrees. I t  has 
been assumed that, for each station, there exists a 
zero-degree horizon and a zero-degree antenna 
elevation. 

The following table shows the NMP and SMP for 
the four ground stations. Note that the NMP for 
Trondheim is over the north pole at 6 3 . 4 +  37 .5=  
200.9 degrees (actually 90 - lO.9= 79.1 degrees).  

latitude longitude NMP SMP 
station (degrees) (degrees) (degrees) (degrees) 

San Diego 32.7 N 117.0 W 70.2 N 4.8 S 
Miami 25.8 N 80.2 W 63.3N 11.7s 
Trondheirn 63.4 N 10.4E 79.1N 25.9N 
Tokvo 35.7 N 140.0 E 73.2 N 1 .8s  

The next step is to plot the NMP and SMP for each 
station on the orthographic-meridional projection 

55 
EOUATOR 

START OF ORBIT N 
ILLWFITUDE OF 
ASCENDFIG NODE) 

fig. 4. Single-orbit overlay for a Mercator map projection. The overlay must be slid along the equator until the start of the orbit is 
on top of the longitude of the OSCAR 7 longitude of ascending node (LAN). The overlay will then show the orbit of the satellite. 



Plot on polar-stereographic map showing mutual satellite visibility circles of WAGUAP in San Jose, and JA8DJJ in Sapporo. 
Japan. Two-way ssb communications have been established a number of times between these two stations, but OSCAR 7 is in 
the proper postion only one or two times per month. 

(fig. 6) and connect the points with a straight line. 
Note that only the NMP and SMP for Trondheim are 
completed to keep the figure uncluttered for further 
use. The table of longitudinal corrections is made by 
recording the value, as read from fig. 6, for each in- 
crement of latitude. For example, at the SMP (25.9 
degrees north) the correction line starts at zero de- 
grees (A). At 30 degrees north, the correction line 

intersects at 26.5 degrees (0 ) .  Proceeding to 35 de- 
grees north latitude, the line intersects at 40 degrees 
(C). This process is continued until the correction for 
NMP (180 degrees) is reached. By using smaller 
increments, a higher degree of accuracy can be ob- 
tained for plotting the region of visibility. 

To complete the region of visibility, it's necessary 
to plot the latitude and longitude plus its corrections. 

table3. Longitude correction values for the four ground-station examples discussed in the text. 

Trondheim San Diego Miami 
north correction north correction north correction 

latitude (degrees) latitude (degrees) latitude (degrees) 
(degrees) value (degrees) value (degrees) value 

79.1 180.0 70.2 0 63.3 0 
75.0 128.0 65.0 31.x 60.0 24.x 
70.0 107.0 60.0 39.0 55.0 32.0 
65.0 94.5 55.0 43.2 50.0 37.2 
60.0 84.5 50.0 45.5 45.0 40.0 
55.0 76.0 45.0 46.1 40.0 42.0 
50.0 67.5 40.0 46.0 35.0 42.5 
45.0 59.0 35.0 45.5 30.0 42.5 
40.0 50.0 30.0 44.0 25.0 41.8 
35.0 40.0 25.0 42.1 20.0 40.5 
30.0 26.5 20.0 39.5 15.0 38.8 
25.9 0 15.0 36.5 10.0 36.2 

10.0 32.5 5.0 32.9 
5.0 27.0 0 28.2 

0 19.0 5.05 22.3 
4.85 0 10.05 12.5 

11.75 0 

Tokyo 
north correction 

latitude (degrees) 
(degrees) value 

73.2 0 
70.0 25.x 
65.0 39.0 
60.0 45.0 
55.0 47.5 
50.0 48.5 
45.0 48.5 
40.0 47.8 
35.0 46.5 
30.0 44.5 
25.0 42.0 
20.0 39.0 
15.0 35.0 
10.0 30.5 
5.0 23.5 

0 12.5 
1.85 0 
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TIME IN  MINUTES FROM/ 
EOUATORIAL CROSSING 

POLE-NORTHORSOUTH +* 

\." 
STWT OF ORBIT 

fig. 5. Single-orbit overlay for a polar-stereographic map 
projection. Placing the overlay at the longitude of the 
ascending node (LAN) will show the OSCAR 7 orbital path. 
The marks indicate the position for each minute after the 
equatorial crossing. 

Using Trondheim, the longitude is 10.4 degrees east 
and the latitude of the SMP (0 degrees correction) is 
25.9 degrees north (XI. Now, referring to table 3, 
the longitude correction for 30 degrees north latitude 
is 26.5 degrees. This correction is added to, and sub- 
tracted from, the initial longitude, 10.4 degrees east + 
26.5 degrees = 16.9 degrees east (Y and 1 0 . 4  degrees 
east - 26.5 = 16.1 degrees west (Y' ). Again for 35 de- 
grees north, the longitude points are 10.4 + 40 = 50.4 
degrees (2)  and 10.4- 40=29.6 degrees west (2 ' ) .  
Once the points have been plotted they can be con- 
nected with a smooth curve to form the region of 
visibility. 

The procedure described above works for any map 
projection. For the polar-stereographic projection, 
however, the visibility region of stations located at 
or above 37.5 degrees can be plotted using the fol- 
lowing shortcut. Locate the NMP and SMP on the 
longitude line running through the north (or south) 

technique can be used to plot the 4500 n. mi. (8334 
km) range. The only difference is that the earth cen- 
tral half angle is 75.0 instead of 37.5 degrees. This 
plot should only be done for your own station loca- 
tion to establish the extreme limits of your com- 
munications capability. 

antenna elevation 
The visibility region discussed previously was 

based on an antenna elevation of zero degrees (an- 
tenna horizontal to the earth's surface). Normally, 
the amateur using OSCAR 7 and working stations at 
maximum ranges will be content with this condition. 
However, if you wish to elevate your antenna, the 
nomograph of fig. 7 may be used to assess the ef- 
fects of antenna elevations up to 15 degrees. If, for 
example, you elevate your antenna 15 degrees, the 
earth central half angle will be reduced to 25.25 de- 
grees and your communications range (radius) will 
be reduced to 1510 n. mi. (2797 km). 

results 
Communications with distant stations using an- 

tennas fixed in azimuth and elevation has been quite 
successful. A reproduction of a POPP chart, showing 
a contact through Mode B between JA8DJJ and 
WAGUAP, illustrates the usefulness of knowing the 
mutual visibility area. Knowing the satellite's ground 
track precisely permits low power experimentation. 
Numerous contacts have been made through Mode 
B while operating mobile using a ten-watt output ssb 
transceiver. 

The POPP chart has been in use by the authors 
only since OSCAR 7 was launched in November, 
1974. The basic ideas, methods and applications, 

-- 
pole and your station. Bisect the line connecting the 

fig. 6. Orthographic-meridional projection. The longitude 
NMP and SMP and use that point as the center of corrections are read from the line that connects the 
your visibiliD/ region. A few seconds with a compass northernmost point (NMP) and southernmost point (SMPI of 
and you'll have your region of visibility. The same the visibility region. 



W L F  
 IT UT~~UOE EAR~CENWU ~TIONUIREA )IORIZON OR 

WmCAL NILES HALF II)(ICE NAUTICAL MILES ELEVATION IN DEmEES 

fig. 7. Nomograph for determining the effects of antenna 
elwstion on wtelllte comrnunicatlons range. An antenna 
elevation of zero degrees provldes maximum range; about 
2250 nautical miles for OSCAR 7 (4500 nautical mlles to 
another ground station). Antsnna elevation of 16 degree8 
gives about 1500 nautical mile half range. 

however, can be applied to any satellite in a circular 
orbit if the satellite altitude and period are known. 
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digiratt - 
RTTY AFSK generator 

and demodulator 

Complete details 
for a precision 

AFSK generator and 
phase locked loop 

terminal unit 

The Digiratt is a complete terminal unit and AFSK 
tone generator for use on the vhf bands. The tones 
are digitally synthesized and will remain accurate to 
within 0.1 Hertz. The terminal unit is a phase-locked 
loop unit which is capable of resolving 170-Hz nar- 
row-shift as well as the 850-Hz shift normally found 
on the vhf amateur bands. 

Briefly, the features of the Digiratt are, 

1. Upwardldownward operation by means of front 
panel switches. 

3. Built-in test functions for PLL alignment. 

4. Constant system performance checking. 

And finally, as noted above, long-term tone accuracy 
to 0.1 Hz in the AFSK generator. Additionally, a PLL 
terminal unit will inherently follow a drifting signal 
and copy signals which are missing mark or space 
idformation. 

circuit description 
The demodulator (U1) compares the incoming fre- 

quencies to its internal current-controlled. oscillator 
and generates a digital signal that indicates when the 
frequencies are identical. Additionally, the IC has 
provisions to lock the internal oscillator to the in- 
coming signal, provided that signal is within the 
detection bandwidth. At 2125 Hz the detection band- 
width for this circuit is approximately 220 Hz, or 110 
Hz either side of 2125 Hz, which is adequate for 170- 
Hz shift. At 2975 Hz the detection bandwidth is 
about plus or minus 135 Hertz. All bandwidth 
measurements were made with a 300 mV input sig- 
nal. Although the oscillator can be shifted down 
below 1400 Hz, the - detection bandwidth widens 
out to plus or minus 198 Hz, and 170-Hz copy be- 
comes doubtful. Readers with this particular appli- 
cation are referred to a 567 specification sheet for 
bandwidth reduction suggestions. 

The output of U1 is low with a detected input, and 
provisions have been made to invert that signal 

2. Visual indication of 2125-Hz tones by means of an BY John Loughmiller, WBSATW, Route 1, 
LED. No oscilloscope is needed for proper operation. BOX 480C, Borden, Indiana 47106 
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when required. A front panel switch selects either 
the 567 output or its complement (U2) to drive the 
selector magnet transistors, thereby resulting in 
either normal or reverse copy. 

The selector magnet drivers, (Q1 and Q2), provide 
a current return path for the loop supply. This portion 
of the Digiratt is very similar to the NS-1A.1 

afsk generator 
The precision AFSK generator consists of a master 

oscillator running at 5.95 MHz. A trimmer is provided 
for setting the frequency. However, since such a 
great division of the crystal frequency takes place, 
the oscillator can be off frequency 100 kHz and the 

resultant AFSK tone error will be 1 Hz or less. Coun- 
ter U4 and U5 divide the frequency to 59.5 kilohertz. 
U6 further lowers the frequency to 5950 Hz and U8 
divides it by two, resulting in a symmetrical 2975-Hz 
square wave at pin 12 of U8. U7 is a programmable 
counter which divides the 59.5 kHz down to 4250 
Hertz. The other half of U8 next divides by two, re- 
sulting in a symmetrical 2125-Hz square wave at pin 
9 of U8. 

Square waves are very rich in harmonics. There- 
fore, the combination of R11, R12, C8, C9, C10 and 
C11 are used to turn the square waves into trape- 
zoids. Diodes CR3 and CR4 then smooth the tops, 
resulting in 1 volt p-p quasi-sinewaves at the output. 

A d 
TO KEYEOARD CONTACTS 

fig. 1. Schematic diagram of the complete terminal unit. The dashed line indicates the components mounted on a circuit board. 
K1 is a 12-volt dpdt reed relay. The external loop supply is approximately 100 volts at 100 milliamperes. 
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+5VDC 

115 
VAC 1 0 0 0 0  

CND 

I I ] y M - 3 0 9  BASE n l d O P I Y  

PIN I 

fig. 2. Schematic diagram of the three power nnji,'l""'!+: 9 4 2 - 3  
+ 

supplies. The 5-volt regulator will require a 
115/12VAC IE/II5VAC 

heatsink. IOOMA IOOMA 

If signals above 1 volt p-p are required, a simple trans- 
istor amplifier will be sufficient. 

The power supplies are straightforward and the 
only minor precaution is to make sure the LM 309 
is mounted on a heatsink. Also, don't fail to install 
C6 and C7 on the circuit board and bypass Uls  
pin 4 at the IC with a 0.01 pF capacitor. You may 
have to bypass the rest of the ICs at their V,, pins if 
you run into oscillation problems. A novel feature of 
the Digiratt is LED 1. When jumper J1 is in the A-6 
position, the PLL oscillator can be adjusted to the 
same frequency as the precision AFSK generator's 
2125-Hz output. This assures correct PLL alignment. 
When the jumper is in the A-D position, the LED will 
light when receiving 2125-Hz signals from your re- 
ceiver. An oscilloscope is not needed because a PLL 
only cares about the frequency within its bandwidth 
and disregards the other frequencies all together. 
This will be explained in more detail in the setup and 
operation section. 

construction 
The prototype is housed in a 5 x 6 x 9 inch 

(12.7~15.2~22.9cm) cabinet. All power supplies, 
the loop supply, and the circuit board are mounted 
within the enclosure. Use care with lead routings; 
lead lengths should be kept to a minimum and 
ground loops should be avoided. If you are using the 
Digirarr in a high intensity rf field, use a single point- 
ground system on the ground returns. 

setup and operation 
Set the master oscillator on frequency if you have 

a frequency counter. If you don't, C13 can be left 50 
per cent meshed (the resultant error won't be more 
than 1 Hz at the output frequencies). Place jumper J ?  
in the A-B position and turn R3 all the way to one 
end. When the PLL is locked, LED 1 will come on. 
The final position for R3 should be midway or be 
tween the two dropout points.The PLL is now 

aligned to 2125 Hz and will not require any further ad- 
justments unless 2125 Hz is no longer used. In that 
case, the PLL will have to be aligned to one of the 
two new frequencies. For normal amateur use you 
can set it to 2125 Hz and forget it. 

Reconnect the jumper to A-D. Connect the unit to 
your vhf receiver and tune in an RTTY signal. Flip S2 
to the opposite direction if the copy is garbled. That's 
all there is on vhf where the tones are fixed. For high- 
frequency use, adjust the receiver until the LED is 
blinking on and off as the tones shift. Again, flip S2 
to clear up the copy. Make sure you have at least 200 
mV of audio into the Digiratt. Diodes CR1 and CR2 
will limit any excessive signals to a level the PLL can 
handle. Remember to keep the loop supply off the 
keyboard. This system encodes the keyboard output, 
then detects it to  drive the selector magnet. 
This way you always know the complete system is 
working even in local loop operation. Also, you 
shouldn't use the AFSK generator on ssb in the high- 
frequency bands since the instantaneous switch 
points between tones contain no modulation. This 
would result in clicks being transmitted and a possi- 
ble citation from the FCC. 

One final note on the Digiratt: if you're a purist at 
heart and want perfect sine waves at the AFSK 
output, construct two pi-section filters using 88 mH 
toroids and place one in each line just ahead of relay 
K1. Diodes CR3 and CR4 will then have to be 
removed. 

My thanks to Gus, KSFUI, who shared his con- 
siderable knowledge of Teletype machines with me 
and also to my wife, Donna, for her patience while 
I worked many late nights on the project. 

reference 
1. Nathan H. Stinnette, "Update of the Phase-Locked Loop 
RTTY Dernodulator,"hamradio, August, 7976, page-76. 
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PA140130 W F  30w i n - 1 4 0 w  o u t - 2  m t r  a m p  . . 159.95 

R F  power  amp, w i red  & tested, emission- 
CW-I -M-SSI3/AM 

Power  Power 
BAND I n p u t  O u t p u t  

1 4 4 M H z  10W 7OW 139.95 
144 M H z  2W 7 0 W  159.95 
144 M H z  IOW 150W 259.95 
144 Ml1z 30W 150W 239.95 
2 2 0  M H z  2W 60W 159.95 
2 2 0  M H z  10W 6 0 W  139.95 
2 2 0  MI17 IOW l 2 0 W  259.95 
4 2 0  M I I z  IOW 40W 139.95 
4 2 0  MI17 2W 40W 159.95 
4 2 0  MI17 30W ROW 259.95 
4 2 0  MI12 l OW ROW 289.95 

I POWER SUPPLIES I 
!'St 5 C  K i t  . 

PSI  5C W I T  
1'525C K i t  . 

PS25C W I T  
I1S25M K i t .  
I'S25M W / T  

I S  amp-  I 2  v o l t  regulated power  sup- 
p l y  \\,/case, wf fo ld-hack cur rent  l im i t -  
i ng  and  r,vervr,ltaye p ro tec t i nn  . . 79.95 
same as a h n v e - w ~ r e d  & tested . . 94.95 
25 amp-1  2 vo l t  regulated power  sup- 
p l y  w/case, w / f o l d -hack  cur rent  l i m i t -  

. . . . . . . . . . . . .  ing  and  o v p  129.95 
same as ahove-wi red & tested . . 149.95 

. . . .  s;in~c as PS25C w i t h  meters 149.95 
qanlr as ahove-wi red &l tested . . 169.95 

adds over voltage p ro tec t i on  t o  y o u r  
p r ~ w e r  supplies. I S  VI )C msx.  . .  9.95 
12 vo l t - power  supply  regu la tor  card 
w ~ t h  fo ld-hack cur rent  l im i t i ng  . . 8.95 
new  con in l r r c i a l  d u t v  3 0  :1mo 12 V D C  . - 

r rpu ln te t l  pcawer supply  mIc.~se. 
\v ,1~~1~1 hat L current  I l m ~ t l ~ i ~  3nd  
~, \erv~, t t . lp r  pr#,trctl,,n . . . . . .  239.95 
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pi network 
design and analysis 

A new approach 
to the design of 
pi networks for 

amateur transmitting equipment 
which allows the designer 

to determine how 
the network will perform 
at different frequencies, 

with varying antenna loads 

Simplified procedures for the design of pi net- 
works have appeared in numerous magazine articles 
and are included in the ARRL Handbook and other 
reference books. No equation solving is required 
with these procedures since the design data is pro- 
vided in terms of inductance and capacitance which 
the user reads directly from tables or curves.'-6 All 
of these data are based upon the three classic re- 
actance equations for the design of pi networks. 

However, the simplicity afforded by these pro- 
cedures is not obtained without penalty. Only design 
center information is provided, and in some cases the 
network may not perform as expected. Character- 
istics which are of prime importance to the amateur, 
e.g., the usable tuning range, and the tolerable limits 
of load variation due to the vswr of the antenna sys- 
tem, cannot be evaluated so the serious designer is 
handicapped. It is not unusual to encounter circum- 
stances where the loading control exhibits less than 
normal effectiveness, and it is difficult or impossible 
to obtain normal plate current loading. Some con- 
temporary commercially designed equipment, as well 
as homebrewed equipment, will exhibit this condi- 
tion unless the vswr of the transmitter load is kept 
very close to 1 : 1. 

Prior amateur literature is virtually void of discus- 

sion on the behavior of pi networks when the oper- 
ating conditions depart from the values used for the 
initial design of the network. More often than not 
such departure is normal in amateur operations; 
therefore, an investigation along these lines ap- 
peared to be a project worth pursuing. Some unex- 
pected and very interesting results came from this 
work, including the development of a new procedure 
for the design and performance evaluation of pi net- 
works, and discrete criteria for determining when 
supplemental impedance transformation must 
be used. 

These developments were based upon two rela- 
tively obscure equations which also provided the 
seed from which other equations used in the pro- 
cedure were derived. Compared with contemporary 
design methods, more work is involved in the appli- 
cation of the new procedure, but the benefits of 
greatly increased design control, and the addition of 
a means for performing detailed performance analy- 
sis, are substantial compensation for the added 
effort. 

The objectives of this article are twofold: first, to 
describe the practical application of the new design 
procedure, and secondly, to provide some insight in- 
to the analysis which led to its development. Readers 
who shy away from the mathematical discussions 
should note that numerical solutions of all the equa- 
tions in this article require only basic arithmetic and 
square-root operations - the modern, hand-held 
calculator is completely adequate for designing a 
new pi network, or for analyzing an existing one. 

It should be understood at the outset that no lack 
of generality is inferred by having oriented the fol- 
lowing discussions in terms of networks for use with 
vacuum-tube amplifiers. This approach was chosen 
because of the widespread application of tube ampli- 
fiers, and the probable continued use of vacuum 
tubes in the final stages of amateur transmitters for 
some time to come. However, readers should find it 
amply apparent that the equations and design pro- 
cedures presented in this article can be applied to the 
design of any lowpass pi network where there is no 
provision for adjustment of the inductive branch. 

design equations 
The basic pi network is shown in fig. 1A. When 

used for coupling a low impedance load to a vacuum 
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tube, C l  is the loading control and C2 is the plate changed. The following equations are elegantly 
tuning control, RL represents the external load im- suited to the desired analysis because they are totally 
pedance, and R2 is the required plate load resistance free of such limitations 
as measured at terminals 1 and 2. In network design 
and analysis work, however, reactance terms must K1 XL 

be used in place of inductance and capacitance, and X c l =  RI + J R I R ~ -  XL2 (4) 

the component designators are modified as shown in 
fig. 16. With very few exceptions reactance terms RZX,  

are used throughout the text of this article. xc2 = ETjKl RTX,2 (5) 

Equations 1.2  and 3, or minor variations thereof, 
are the three classic pi network design equations 
upon which the simplified design procedures 
are based 

In these equations the reactance of C I  and C2 is 
stated in terms of the independent variables RJ and 
XI.; R2 is treated as a constant. These equations 
were first derived by classical methods, and can be 
found in the 1932 edition of Everitt's Communica- 
tions Engineering.7 It is strange that these equations 
have been available for more than 40.years but have 
been neglected in the amateur literature except for a 
footnote reference by George Grammer in QST in 
1957.3 

Since the pi network is usually used to provide a 

These equations are used to calculate the three net- 
work reactances when appropriate values are substi- R Z  

tuted for R1, R2, and Q. Normally the nominal 
[ 

antenna load impedance of 52 ohms is substituted 
for R I ;  R2 is the required plate load resistance; and 0 
Q is selected in the range from 10 to 20. 

analysis considerations 
In class-AB1 and class-B linear amplifiers the dc 

plate current, and the linearity of the amplifier, de- 
pend upon the value of plate load resistance. Thus 
the optimum value of plate load resistance is coinci- 
dent with a specific value of plate current to which 
the amplifier must always be adjusted; this load must 
also be non-reactive. In a properly neutralized ampli- 
fier the latter requirement is obtained by tuning to the 
center (minimum current point) of the plate current 
dip. The adjustment procedure consists of alternately 
adjusting C l  and C2 until the specified value of plate 
current is obtained at the dip point. 

Since capacitors C I  and C2 are the only network 
adjustments, they must permit the optimum value of 
plate load resistance to be maintained regardless of 
changes in operating frequency and/or changes in 
antenna load impedance. Thus, an analysis of net- 
work performance with respect to any external influ- 
ence which will effect its adjustment must be made 
in terms of the requirements imposed upon CI 
and C2. 

It might be expected that equations 1 and 2 could 
be used for this purpose. However, their use is pre- 
cluded by the presence of Q in both equations, and 
the lack of R I  as a factor in equation 1. Q is not an 
independent variable and therefore does not remain 
constant as the frequency and/or the value of R I  is 

fig. 1. Basic pi network used for impedance matching in rf 
power amplifiers. In A RI is the load impedance (usually 52 
ohmsl, R2 is the plate load impedance, C1 is the loading 
control, C.2 is the tuning control, and I. is the fixed inductor. 
In the circuit in B the inductor and capacitors are shown as 
reactance terms. 

match between two dissimilar impedances, its basic 
symmetry is easily overlooked, and the identical 
forms of equations 4 and 5 may be surprising. They 
are markedly different from equations 1 and 2, just 
as equations 1 and 2 have no resemblance to each 
other and give no clue to as to the symmetry of the pi 
network. 

Curves showing the relationships expressed in 
equations 4 and 5 are plotted in fig. 2. These curves 
are based upon an arbitrary prototype network de- 
signed to provide a plate load resistance of 2500 
ohms and to accommodate variations in output load 
impedance in a nominal 52-ohm antenna system. 
The data for plotting the curves was obtained from 
repeated solutions of equations 4 and 5 with a value 
of 200 ohms for X L ,  and R l  varied incrementally 
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from 16 ohms (the value of RIA in this case) to 
over 100 ohms. 

Frequent reference to these curves, and particu- 
larly the points designated as RIA and RIB , will 
occur throughout the following text. Equations for 
the determination of the value of RI at these points, 

fig. 2. Plot of capacitive reactance X,, and X,:, vs 3 I s 0  

load resistance, RI. Note that the X,, curve is 5 
double valued; for most designs values below 

* 

point RIB should be avoided (see text). Slope of 
reactance curve above R IA  is excessive and may 
result in critical tuning. 

and a discussion of the significance of each point will 
be covered later. 

Comment on the curve of Xc2 (plate tuning) is 
necessarily brief since it has no unusual or critical 
characteristics. Operation is smooth and continuous 
throughout its required tuning range, and the mod- 
erate change in tuning rate is of no consequence. No 
operational problems should exist as long as suffi- 
cient capacitance range is available. 

Cause for design and operational problems with 
the pi network is apparent in the characteristics re- 
vealed by the curve X c l  In terms of R I ,  the Xcl 
curve is double valued for all values of Xcl  except 
the minimum. These dual values of RI cause two 
mutually inverted calibrations to exist for the loading 
control, effectively dividing the RI range into two 
sections. Division occurs at the point RIB so that all 
values of RI less than RIB may be defined as being 
in the minor section, while all values of RI above and 
including RIB may be defined as being in the major 
section. It is preferable to design the network so 
weration is confined to only the major section. 
When this is done, ambiguity is avoided with respect 
to the direction of loading control rotation to obtain 
increased loading, there is no confusing area of dual 
and inverted calibrations, and the tuning rate of the 
loading control does not change drastically. 

The minimum point of the Xcl curve locates the 
value of RI below which undesirable changes in the 
network's operating characteristics begin to take 
place. If a sufficiently low value of Rl cannot be ob- 
tained at RIB, the designer must either use a supple- 

mental impedance transformation, or resort to a 
compromise design with a part of the minor section 
included in the operating range. The latter option is 
not an unconditional alternative since only limited ex- 
tension of the R1 range can be obtained in this way. 
The conditions associated with this limitation, and a 

5 0  

R 2 ~ e 3 ~ ~  [ 4 5  

R 2  = 2 5 0 0  OHMS 
XL = 2 0 0  OHMS 

4 0  

10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0  110 1 2 0  

L O A D  R E S I S T A N C E .  R I  (OHMS1 

design criteria for applying the compromise design, 
will be discussed later. 

significance of RIA and R I B  
Mathematical proof can be given, but it will suffice 

to state here that solutions of equations 4 and 5 are 
valid for this analysis only when the quantity under 
the radical sign is equal to or greater than zero. Since 
the plate load resistance, R2, must remain constant 
and the RIR2 product cannot be less than X12, RI is 
limited accordingly to a critical minimum value. An 
equation defining the critical value of RI is obtained 
when the expression under the radical sign is equat- 
ed to zero, and then solved for R1. 

R1R2- XL2=0 (6A) 

R1R2 = XL* 16B) 

Rl  (critical) = RIA = a2 
R2 (6Cl 

From these equations it can be seen that whenever 
R1 is less than RIA the network cannot be adjusted 
to provide the required value of R2; the maximum 
plate-current loading, therefore, will be less than 
normal. 

It is worth noting that a unique but seldom used 
condition exists when the product RlR2 is equal to 
~ 2 ,  causing the radical term to become zero. The 
remaining RI and R2 terms cancel out in equations 
4 and 5, with the result that both X c l  and XC2 equal 
XL! This is the familiar situation when the pi network 
behaves like a one-quarter wavelength section of 
transmission line with a characteristic impedance 
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where S= slope of the Xcl curve. Substituting zero 
for S,  and solving for R l  t, 

equal to XI>. This form of the pi network has been it is the value of R1 normalized with respect to RIB.  
used in cascaded pairs to form an effective narrow- Values of K below 1.0 are in the minor section of the 
band harmonic suppression filter. network, whereas values of K of 1.0 or above are in 

The value of R l  at the minimum point of the Xcl the major-section of the network. K can never be 
curve is designated RIB ,  and as the following deriva- less than 0.50, and although there is no maximum 
tion will show, it is always twice the value of RIA .  limit fornK, it will seldom be greater than 6.0. 
Subsequent discussions will also show that RIB is a 
major factor influencing the design of any pi net- 3~ 

RI (at minimum point of Xcl curve) = 

work. Since, by definition, R I B  is the value of RI at 
the minimum point (point of zero slope of the Xcl 2 5  -- 

curve), the derivation of the equation for RIB  in- 
volves the application of differential calculus. Thus PO -- 
the prerequisite slope equation* (equation 7 )  is de- O' 

rived from equation 4, then equated to zero and o" ! J  

solved for R l  to  obtain the equation for RIB.  Initially o 

equation 7 appears somewhat formidable, but its Z 
terms contain only three factors, and considerable 2 
cancellation may be performed when it is equated to a 

0 5 -  

zero and solved for R  I .  

factors Tr and K 

- 

-- 

- 

- 

Both T ,  and K are simple dimensionless ratios 
which are inversely proportional to the value of RIB;  
since they are important factors in some of the fol- 
lowing equations, it's important to define them. 

1. T ,  is the ratio of R2 to  RIB  (R2  divided by RIB) ;  
therefore T ,  represents the transformation ratio of 
the network when, and only when, RI = RIB.  

2. K is the ratio of RI to R I B  ( R I  divided by RIB) ;  

'Derivation of this and other equations is available from ham radio 
upon receipt of a self-addressed, stamped envelope. 

tTheoretically, in any given pi network R I  can be increased with- 
out limit. In practice, however, excessive circuit losses ultimately 
restrict the maximum usable value. As H I  is increased, a, also in- 
creases, causing the ratio of unloaded to loaded Q to become pro- 
gressively lower, and more power to be dissipated in the inductor. 
The effect is shown in the following data which is based upon the 
prototype network, and the assumption of an unloaded Q of 300. 
As a general rule it is advisable to avoid values of K I  greater than 
six times RIB. 

R 1 Q O  power  lost  
52 15.76 - 0.23dB 5.25% 

100 17.58 - 0.26dB 5.86% 
200 20.28 - 0.30dB 6.76% 
500 26.00 - 0.39dB 8.67% 

loo0 33.18 - 0.51dB 11.06% 
5000 72.80 - 1.21dB 24.27% 

f i g .  3. Ope ra t i ng  Q (Q, , )  o f  a p i  n e t w o r k  versus t h e  
impedance transformat ion ratio, T,.  

The dominant component of the pi network is the 
series-connected reactance. In transmitter output 
circuits this component is usually an inductor so the 
network functions as a lowpass filter as well as an 
impedance transformer, and useful attenuation of 
harmonic energy is obtained. An equation for deter- 
mining the required reactance of this inductor may 
be derived by keeping the definition of T ,  in mind 
and re-arranging eq. 8. 

Inasmuch as the value of R2 (plate load resistance) 
is fixed by the design specifications, T ,  is the only 
independent variable in this equation which the de- 
signer can use to control the value of XI,. However, 
this control by way of selecting the value of RIB ,  and 
R I B  must be limited to only those values which 
will place the operating Q of the network ((h) within 
the range of 10 to 20. These limits represent a pru- 
dent compromise between harmonic attenuation and 
network efficiency. Harmonic attenuation 
deteriorates rapidly as 4, falls below 10; network 
losses become excessive as Q,, approaches 20. 
Roughly speaking, changes in (L, between these 
limits is accompanied by an 8 dB change in harmonic 
attenuation, and a 3 dB change in power loss. For 
the general case the operating Q of a pi network is 
defined as 

R1+ R2 + 2 J ~ 1 ~ 2  - XL2 
Operating Q= & = 

XL 
(10) 
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This equation can be used to compute (2, for any 
value of RI within the operating range of pi network. 

Note that equation 10 differs considerably from 
the equation, Q = R 2 / X [ , = ,  shown in the hand- 
books." Errors as great as minus 50% will result 
when the handbook equation is used to compute Q  
for pi networks having a very low impedance trans- 
formation ratio; errors between 6% and 20% can be 
expected for pi networks commonly used in vacuum- 
tube linear amplifiers. An example of typical errors 
may be seen in the following data calculated for the 
prototype network at three values of output load 
resistance. 

Load resistance, RI 26 52 104 
Q, (from eq. 10) 14.21 15.76 17.71 

Q (eqs. 1. 2, 3) 13.29 14.00 14.85 

Error -6.48% -11.17% -16.18% 

For the particular case where RI is equal to R I B ,  
the operating Qis designated as (L,' 

Operating p a t  R I B =  a,, = 2 +  Jz(T? + 21 (HA) 
T? 

where Tr= RB/RIB.  When T ,  is equal to or greater 
than 5, the following equation can be used with less 
than 1 % error. 

Q t = 2 + 2  jF (IlB) 

Equation 11 is unique, and indeed remarkable, 
because it shows that Qo' is dependent only upon 
the transformation ratio, T,, a value readily obtained 
by dividing R2 by R I B .  Therefore, a graph of equa- 
tion 11 is universally applicable to all pi networks 
that fall within the range of the scales chosen for a,' 
and T,! Thus the graph of fig. 3, or equation 11, 
is invaluable for determining a value for T, that will 
result in an acceptable value of a,'. This value of 
T, is then used in equation 9 to obtain the value 
for X I .  

However, if it is found that R I B  must be greater 
than desired, and the difference is too great to con- 
sider the application of a compromise design, it indi- 
cates that the pi network by itself cannot satisfy the 
design requirements, and supplemental impedance 
transformation must be used. Values of Tr high 
enough to cause this condition are likely to occur in 
the design of pi networks intended for use with tubes 
that require a high plate load resistance such as the 

'The error due to the design.procedure using equations 1, 2. 
and 3 These equations treat the pi network as two back-to-back 
L-networks. The selected value of Q applies only to the input sec- 
tion. It can be shown that the overall operating or loaded Q of the 
network is the sum of the input section Q ( R Z / X ,  ;) and the output 
section Q f R l / X ,  ,). Therefore, the operating Q will always be 
higher than the selected Qwhen using this design procedure. 

Editor 

4-1000A. In these cases a pi network by itself will 
usually fail to provide matching capability for loads 
much below 52 ohms, since the 52-ohm load point 
may already be well within the network's minor 
section. 

pi network design 
A step-by-step procedure for the design of pi net- 

works, based on the technique discussed in the pre- 
vious text, will clarify any questions you may have 
about this method. A pi network will be designed to 
match a plate load resistance of 2500 ohms to a nom- 
inal 52-ohm system, and will accommodate antenna 
load variations which might be expected in an ama- 
teur station. Operating Q is not specified since it is 
standard practice to keep Q, within the range from 
10 to 20, and to favor the lower values of 4, in the 
interest of circuit efficiency. 

Preliminary considerations. When a maximum 
vswr of 2: l  is expected, and the nominal impedance 
of the antenna system is 52 ohms, the load on the pi 
network can be any value from 26 to 104 ohms. 
This impedance range can be covered in the major 
section of a network if R I B  is chosen as 26 ohms, 
and Q,' does not exceed 15. This limitation on Q,' 
is required if Q, is not to exceed the limit of 20 at the 
maximum value of R1 (104 ohms). In the following 
procedure the steps 1 and 2 will either confirm that 
R I B  can be 26 ohms or provide a value which will en- 
able the Q, limitation to be maintained. 

1. Determine value of a,' for desired value of R I B ;  
use fig. 3 or eq. 11. (For prototype network T,= 
96.15 when R I B  is 26 ohms, thus from fig. 3, 
a)'= 16). 

2. If &,' from step 1 is greater than 15, the value of 
R I B  is too small. Increase the value of RIB by an 
appropriate increment and repeat step 1; repeat 
steps 1 and 2 until a,' is less than 15. For the proto- 
type network the value of R I B  was increased in 2- 
ohm steps, yielding the following values for a)': 

R I B  TT Q) ' 
26 96.1 5 16.00 
28 89.29 15.51 
30 83.33 15.06 
32 78.125 14.66 

3. Compute the value of K for the minimum value of 
R I .  If the value of K is less than 0.8, see the discus- 
sion under compromise design (page 36). For the 
prototype design, K = 0.81. 

4. .Compute the value of X I , .  Use T ,  from step 2 
in eq. 9. For the prototype network XL=200 ohms 
since T,= 78.125. 

5. Use eq. 10 to compute Q for the upper and lower 



table 1. Twelve complex impedance values which fell on e 2:l vswr circle plotted on a Smith chart (fig. 41, and the required pi-network reactance 
values required to provide e match to a plate load resistance of 2500 ohms. 

point on 
2:l vswr 

circle 
(fig.4) 

worst-case 
antenna 

load impedance 
A B 

26.00 j  0.0 
27.38 - j  10.27 
32.00 - j  20.78 
41.60 - j  31.20 
59.43 - j  38.60 
86.60 - j  32.47 

104.00 - j  0.0 
86.60 + j  32.47 
59.43 + j  38.60 
41.60 + j  31.20 
32.00 + j  27.80 
27.38 + j  10.27 

A. Resistive component of the load impedance. 
B. Reactive component of the load impedance. 
C. Equivalent parallel resistance of the load impedance. 
D. Equivalent parallel reactance of the load impedance. 

equivalent 
parallel 

components 
C D 

26.00 + inf. 
31.23 - j  83.27 
45.50 - j  70.05 
65.00 - j  86.67 
84.50 - j  130.10 
98.77 - j  263.40 
104.00 + inf. 
98.77 + j  263.40 
84.50 + j  130.10 
65.00 + j  86.67 
45.50 + j  70.05 
31.23 + j  83.27 

required 
Xc1 

E 
28.24 
27.59 
28.70 
31.33 
33.91 
35.68 
36.30 
35.68 
33.91 
31.33 
28.70 
27.59 

required Xc 
of loading 
control, C1 

F 
28.24 
41.27 
48.62 . 
49.06 
45.87 
41.27 
36.30 
31.42 
26.90 
23.01 
20.36 
20.73 

required 
Xc2 
G 

188.10 
185.52 
180.40 
175.44 
171.60 
169.21 
168.40 
169.21 
171.60 
175.44 
180.40 
185.52 

E. Required reactance of X,, (based upon resistance value in column C). 
F. Required reactance of the loading control capacitor (obtained by 

combining values shown in columns D and E). 
G. Required reactance of X r 2  (based upon resistance value in column CI. 

limits of the RI range. If the values of Q, are not f, = 3.74 MHz, the geometric center frequency of 
within the range from 10 to 20, use one of the fol- the amateur 80-meter band." 
lowing alternatives: 

Pi networks that operate at low values of Q are 
A. Determine whether or not a modification of the frequently used as input and output circuits for 
value of RIB will resolve the problem. solid-state devices. These are fixed-tuned networks 

designed for singular values of RI and R2,  and a par- 
B. Use the design as is but be aware of its limita- 

ticular value of Q to exist at-f,, the geometric center 
tions and change operating specifications 

frequency of the network. The design procedure for 
accordingly. 

this type of network is appreciably less complex than 
C. Use the design as is and use an antenna tuner that for tunable networks, and equation 12 below is 
to limit the vswr at the transmitter. particularly useful since X L  can be determined direct- 

ly as a function of R1,  R2, and Qo. The values of X c l  
D. Redesign the pi network for use with supple- 

and X C 2  then follow directly from the use of equa- 
mental impedance transformation. 

tions 4 and 5. The design should not be considered 
For the prototype network Q,= 14.21 when R l  is 26 complete, however, until the value of K for R l  has 
ohms, and Q,, = 17.71 when R l  is 104 ohms. been computed and judged to be acceptable. The - 

value of R I B  which is needed for this calculation is 
6. Compute the values of X c l  and X C 2  for the upper 
and lower limits of the R l  range; use eqs. 4 and 5. 

found with equation 8. 
Values of K that are not less than 0.70 are accept- 

For the prototype network see table 1, lines 1 and 7, 
able for fixed-tuned networks, whereas values of K 

columns E and F. 
that are less than 0.65 should definitely be avoided; 

7. Compute the capacitance values at the desired otherwise, the network will be difficult to adjust. 
frequency of operation using the values of X c l  and When the value of K must be increased, it can only 
X C 2  from step 6 .  See table 1 for prototype network be done by an increase in the value of &. 
values. 

8. Compute the inductance value for the desired g2 +Jg2 -(Q,2 +4)(~=) 
operating frequency using the value of X L  found in X, = (R1+ R2) R1+ R2 (12) 

step 4. For the prototype network L = 8.5lp.H when 
Q,2 +4 

effects of antenna load impedance 
"A series of HP-25 programs for designing pi-networks, plotting Load impedance matching capability is succinctly 
frequency responses, checking the impedance matching range. 
and selecting inductance and capacitance values are available for 

specified for transmitters in terms of a maximum al- 

$2.50 post~a id  from Calculator Desian. Box 429. Hollis, New lowable vswr and a system characteristic impedance. 
Hampshire 03049. 

- 
In most cases the values specified for amateur equip- 
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ment are a vswr of 2:l and a system impedance of 52 
ohms. Impedance values from 26 to 104 are therefore 
permissible at the transmitter's output terminals, and 
the impedance will usually be complex (containing 
both reactance and resistance). Specific values are 
readily determined with a Smith chart on which a 2:1 
vswr circle has been inscribed; the output network of 
the transmitter should be capable of transforming 
any impedance whose coordinates are located on or 
within this circle to a pure resistance equal to R2.  

Matching is most difficult for the loads associated 
with the highest vswr values; therefore, the loads 
with coordinates located on the circle constitute the 
worst-case requirements of the design specification. 
There are an infinite number of impedance coordi- 
nates located on the 2:1 vswr circle, so it's impracti- 
cal to evaluate network performance for all of them. 
However, an adequate evaluation can be performed 
by using the twelve values of impedance whose co- 
ordinates are located by the dots on the vswr circle 
shown in fig. 4. The resistive and reactive compo- 
nents of these twelve impedance values and their 

fig. 4. Normalized Smith chart plot of worst-case load im- 
pedance for a 2:l vswr. These impedance points are used in 
the evaluation of the pi network (see table 11. 

equivalent parallel components, are included in 
table 1. 

The equivalent parallel components are in- 
cluded because they are essential for computing 
the effect of each load impedance on the adjustment 
of the pi network. And since these components are 
in parallel with the loading control capacitor, CI, the 
effective parallel resistance is the value of R1 loading 
the network, and the effective parallel reactance 
must be combined with the reactance of the loading 
control capacitor so the net value is equal to the re- 

quired value of X c l  Using the prototype network as 
an example, calculations were made to determine the 
required value of X c l ,  X C 2 ,  and the reactance of the 
loading control capacitor for each of the worst-case 
load impedances; these data complete table 1. The 
required capacitance ranges of the plate-tuning and 
loading-control capacitors can be computed from the 
minimum and maximum values of reactance con- 
tained in columns F and G of table 1. Based upon 
the geometric center frequency of the 75-meter 
band (approximately 3.74 MHz) these ranges are 

Plate tuning 226 to 253 pF 
Loading Control 867 to 2089 pF 

Additional calculations can be made to prepare 
charts similar to table 1 for the low- and high- 
frequency band edges. In these calculations the 
value of X I -  must be changed in proportion to the 
change in frequency: thus X I .  becomes 186.92 ohms 
at 3.5 MHz, and 214.0 ohms at 4.0 MHz. Using these 
values of X 1 .  in equations 4 and 5, the tabulated 
reactance data results in the following final capaci- 
tance ranges 

Plate tuning 196 to 290 pF 
Loading Control 705 to 2395 pF 

Since the operating Q changes as the frequency 
and/or load resistance changes, it is advisable to 
check the value of Q at different frequencies and 
load values. Using equation 10, the values com- 
puted for the prototype design are 

frequency 26-ohm load 1011-ohm load 

3.50 MHz a,= 15.37 Q,= 19.01 
3.74 MHz Q, = 14.21 Q,= 17.71 
4.00 MHz Q,=13.10 Q,= 16.49 

compromise designs 
A compromise design of the pi network was de- 

fined previously as extending the operating range 
into the minor-section. Although this mode of opera- 
tion is less than ideal in some respects, its objection- 
able characteristics can be minimized by proper de- 
sign; in addition, it may offer the only means for 
meeting some specifications that would otherwise 
require the use of supplemental impedance trans- 
formation. 

To understand the limitations that restrict the ex- 
tent to which the minor-section can be used, refer 
to fig. 2 and the curve of X c l .  The slope of the X c I  
curve progressively increases in the minor-section so 
that virtually all tuning control is ultimately lost as 
R1 approaches the value of RIA. Although it is tech- 
nically valid for R l  to have any value down to and in- 
cluding RIA,  the minimum value of R l  must be limit- 
ed if the region of excessive slope is to be avoided. 
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Evaluating the degree of slope is easily done by the 
use of equation 7, and in general it is desirable to 
limit the slope at the minimum point of RI so it does 
not exceed approximately 2.5 times the slope where 
K is equal to 1.5. These calculations are not difficult 
to make, but they are time consuming and cumber- 
some, and can be avoided by using the value of K at 
the minimum point of RI as the sole criterion. When 
this value of K is not less than 0.80, the slope ratio 
will closely approximate 2.5 as a maximum. 

The practical significance of permitting a slope 
ratio of 2.5 is its indication that the adjustment of the 
loading control will be 2.5 times as broad at the mini- 
mum point of RI as it is for the values of RI in most 
of the major-section. Therefore a drastic change in 
tuning feel does not take place. Another point is 
the considerable response assymetry which the load- 
ing control exhibits as it is adjusted to either side of a 
particular point in the minor-section. The continually 
increasing slope of the X c l  curve is the cause of this 
effect, and the degree of severity increases as lower 
values of R I  are used. 

The following chart shows how rapidly the slope 
ratio increases as the value of K is decreased; it may 
be used by the designer as an indication of what to 
expect if a K of less than 0.80 is used. 

K slope ratio 

0.80 2.5 
0.70 6.6 
0.65 11.5 
0.60 23.5 
0.55 67.4 

When the value of K at the minimum point of RI 
is close to but less than 0.80, the designer may find 
it helpful to know what this out-of-limit condition 
means in terms of R I ,  i.e., what is the value of R1 
when K = 0 . 8 0 ,  and how does it compare with the 
desired minimum value of R l ?  This information is ob- 
tained by simply multiplying the value of RIB by 0.80 
and comparing the result with the desired minimum 
value of R I .  

From the foregoing it is apparent that it may be 
necessary to modify some design specifications to 
permit the use of the pi network by itself. In addition, 
some specifications will be such that they are realiz- 
able by only the addition of supplemental im- 
pedance transformation. 

Since output loads below 32 ohms are in the 
minor-section of the prototype network the opera- 
tion of this network with the loads defined in the 
analysis would require its classification as a compro- 
mise design. At .fo, or the frequency where X L =  
200 ohms, K =  0.81 when the load is 26 ohms. Iff, = 

3.74 MHz, and a load of 26 ohms is maintained, K 
will become 0.93 and 0.71 at 3.5 MHz and 4.0 MHz, 

respectively. The value of K at 4.0 MHz (0.71) is 
appreciably below the limit recommended above; 
in fact, K is out of limit for all frequencies above 
3.8 MHz. 

the pi-L network 
From fig. 3 it is apparent that pi networks can be 

operated at high impedance transformation ratios if 
no limit is placed on the maximum value of f&'. 

However, the trade-off is excessive power loss in 
the network inductor, in even moderate power rf 
power amplifiers. Minimizing this source of power 
loss is the primary purpose for using supplemental 
impedance transformation; it also provides a match 
to a greater range of load impedances and avoids 
any need for operating the pi network in its minor- 
section. 

The L-network is by far the best choice for pro- 
viding the supplemental impedance transformation.' 
Its efficiency is superior to that of any other network, 
and only one inductor must be added to form the pi- 
L combination. Equation 12 has been specially for- 
mulated for determining the required reactance of 
the L-section inductor for load vswr up to 2: 1. 

Reactance of L-section inductor = 
xL' = J Z , ( . R I B  = z,) (12) 

In this equation Z ,  is the characteristic impedance 
of the antenna system, and the value of R I B  is ob- 
tained from the graph of fig. 3 and the known rela- 
tionship between R2 and T,. In this use of fig. 3, 
40' may be assigned any desired value as long as the 
resulting value of RIB is not less than one-half the 
value of 2,. Contrary to contemporary design prac- 
tice, it is not sufficient to assign an arbitrary trans- 
formation ratio to the L-section. The value should be 
no more than is necessary to allow the pi section to 
operate in its major-section. 

A step-by-step procedure for designing a pi-L net- 
work (such as might be used with a 4-1000A) is in- 
cluded here as a design example. For this example 
the following specifications were assumed: 

*When supplemental impedance transformation is required it 
is obtained most efficiently by the use of an L-network. However, 
some additional switching is required for the L-section inductor, 
which in some cases may be impractical or undesirable. The 
aperiodic transformer (untuned) is an interesting alternative to  the 
use of tuned networks because it can be designed to operate 
quite efficiently over the 3- to  30-MHz range. The transformers in 
mind are the types discussed by Jerw Sevick, W2FM1,8 John 
Nagle, K4KJ,9 and others which use iron or ferrite cores to obtain 
efficient operation over a wide frequency band. 

No data is available on the use of such transformers in the man- 
ner suggested here, however, there appears to be no reason why it 
should not be practical so long as core saturation is avoided. 



table 2. Twelve complex impedance values which fall on a 2:l vswr circle plotted on a Smith chart (fig.41, and the required pi-L network 
capacitance reactance values required to provide a match to a plate load resistance of 2500 ohms (series X,, = 73.94 ohms) 
point on 
2:l vswr worst-case worst-case equivalent required Xc 

circle antenna load plus parallel required of loading required 
(fig. 4) load impedance + j73.94 ohms components X C ~  control, C1 Xc2 

A B C D E F G 

Required plate load resistance = 5500 ohms networks, i.e. R l  and R2 should not be changed 
= 14 from the design values, and the operating frequency 

z,' = 52 should not be varied. Nevertheless it has become 
Maximum USWT= 2 : l  common practice to use these equations for the de- 

The design proceeds in the following steps: 
sign of pi networks for use in amateur equipment, 
and to assume that there is adequate tuning flexi- 

1. Referring to fig. 3, determine the value of T ,  when bility for the application. Unfortunately you can't 
a,' = 14. In this case T , =  70 .  depend on this assumption, especially when you 

want to operate with a vswr as great as 2: 1. 2 .  Compute R I B  by dividing R 2  by T , .  R I B =  
It is interesting to note that a pi network, identical 

5500/70 = 78.57 ohms. 
to the prototype network, can be designed using 

3. Compute X I .  by substituting T ,  and R2 in equa- 
tion 9. X I .  = 464.83 ohms. 

4 .  Compute XI<' by substituting RIB and Z ,  in equa- 
tion 12. XI.' = 73.94 ohm,s. 

5 .  Add  XI^' to each of the worst-case load imped- 
ances (from previous example) and tabulate as in 
table 2. 

6. Compute equivalent parallel resistance, and equiv- 
alent parallel reactance for each value of load imped- 
ance and tabulate as in table 2. 

7 .  Compute required values of X c l  and X C 2  for each 
value of equivalent parallel resistance. Use equa- 
tions 4 and 5 with 464.83 ohms substituted for X L .  

8. Compute required reactance of loading control 
capacitor by combining the reactances obtained in 
step 6 with the values of X c ,  obtained in step 7. 

9. Repeat steps 5 through 8 with X I .  and x~.'  appro- 
priately modified to obtain the band-edge values. 

summary 
The problems encountered in applying pi network 

design eq. 1, 2, and 3 are due to the fact that these 
equations should be used only for fixed parameter 

eqs. 1, 2, and 3, and a value of 14 for Q. From the 
previous discussion it is known that the tuning range 
of this pi network will meet the desired vswr condi- 
tions. Next consider a case similar to the prototype 
network except that R2 is changed from 2500 to 3500 
ohms. Eqs. 2 and 3 will yield a value of 273.39 ohms 
for X I - ,  but the designer using this procedure is not 
normally aware of the fact that this value of XI. 
results in a value of 42.71 ohms for RIB so the tuning 
range of the network is limited. 

On the other hand, the designer using the pro- 
cedure recommended in this article is immediately 
aware of the problem in the first two steps of the de- 
sign procedure; Allowing @,' to be 15, fig. 3 shows 
that T ,  is about 83, and R I B  will therefore be 
42.17 ohms (3500+83). Thus it is immediately 
known that this network cannot be expected to work 
well with low values of antenna load impedance. 

At this point the designer may elect to use one of 
the four options in step 5 of the step-by-step design 
procedure. These alternatives give direction to the 
course of action to be taken when the initial network 
design falls short of the desired objectives. Regard- 
less of which alternative is ultimately chosen, the de- 
signer's choice will be based upon specific know- 
ledge of how the pi network will perform in practice. 
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Designers who must frequently design pi networks T ,  has already been defined as the ratio of R2 to R I B  

will find the discussion in the appendix especially . 1<2 r, = 
useful. It shows how universal design curves can be ~ 1 1 3  IVI) 

developed from the two new equations which have S~nce the factors T ,  and K represent ratios of real values, but 
been derived from eauations 4 and 5. The new have no d~mensions of their own, they meet the essential require- 

equations are unique in that the only independent ments for complete generality. Equations 11 and Ill are also com- 
pletely general, and can be used in the plotting of universal curves. 

variables are T ,  and K ,  where K is Rl  normalized Curves plotted in Cartesian coordinates can accommodate only 
with respect to RIB.  Families of curves drawn from one variable in addition to the dependent variable so it is necessary 
these equations can be made to cover any desired 
range of pi networks. 
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appendix 

to plot a family of curves for both equations II and Ill. Individual 
curves of a family should be based upon a selected value of 7',, and 
K from 0.70 to 4.0 to cover the normal ranges of R 1 .  Adjacent 
curve spacings depend on the selected values of 7; and should be 
chosen to minimize interpolation errors. 

In using the curves the designer reads the coordinate values of 
F I  and F2 for a particular value of K, and then converts them to 
values of X c l  and X c z  in accordance with equations IV and V. 
The value of X 1 ~  in these equations may be obtained by using 
equation 9 or the convenient form 

The value of K represents a particular value of R1 as given by 

R 1 =  K(R1B) (VIII) 

I universal design curves 

Curves of X C ,  and X C 2  are shown in fig. 2, and although the 
contours of these curves are typical of all pi networks, they apply 
specifically only to the prototype network. Universal design curves 
can be plotted to cover any desired range of possible networks, 
but before this can be done equations 4 and 5 must be manipw- 
lated to obtain equations which are expressed only in terms of T ,  
and K , where K is the factor obtained when RI is normalized with 
resoect to R I B  

K=& 
RIB 

Thus equation 4 converts to 

1 fi; = - -  

T (K - 0.50) 1 + !!L- -- 111) 
K 

and equation 5 converts to 00 
0 0 5  10 2.0 3.0 

In the above graph the curves of fig. 2 have been redrawn in 

where F l  and FZ are proportionality factors which must be rnulti- accordance with equations II and Ill. Normally the curves would 

plied by X I .  to obtain specific values of X u  and X C Z .  Therefore be based upon integer values of T,; however, in the prototype net- 
work T ,  has the fractional value of 78.125 and the curves of the 

X C I  = F I ~ X I I  (IVI above graph are therefore based on this value. These curves can be 
X c z  = F z ( X 1 I  (V) used for all pi networks where T,= 78.125.  
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Industry 

Davis 500 MHz 
Frequency Counter 
Features 

10 Hz to 500 MHz 
A 

A Versatile 
System 
That 
Meets The 
Changing 
Needs Of 
The Electronics 

TCXO Standard. f 2 ppm. 15-55°C 
( f  300 Hz at 150 MHz) 

H ~ g h  Inipedence Probe - -  
Increases ~nipedence to 
10 m-ohm for use below 

IHz. Works 50 MHz. Works on most 
. . . . . . . . . .  counters $15.00 

Selectable Gate Times. 
1 ms (for rapld reading) 
and 1 sec (for maximum accuracy). Provision 
for 10 sec (for maximum accuracv at low Large ( 43") Dlg~ t  

Opt~on, available on 
Vnrkn nn preassembled model 

only . . . . . . . . . . . . . .  $10.00 

500 MHz KII (TCXO standard) . . .  . . . . . . . . . .  3249.95 
(for preassembled and caltbrated TCXO add $5.00)  
Cornplele KII Includes all parts, drllled and plated PC boards. 

wllh callbral8ng tnslrucllons Approx 8 hrs to assemble 
Faclory servtc? available lor $25 00 

Crystal Oven Optlon 
AII parts are gilaranteed for 90 days (plug-ln) --'Increases 
Translormer guaranteed lor l ~ f e  accuracy over a wtder 12-Volt DC Optlon for 

portable operation 
500 MHZ Factory Assembled . . . . . . . . . . . . . . . .  5349.95 temperature range. . . . . . . . . . . . . . . . . . . .  Faclory assembled unlts arc lested'anb callbraled to + 5nnm fl in 6O0C $10.00 

High Input Sensitivity, 30 mv at 50 MHz to m~n~atu re  
&Digit Display (for more accuracy) equipment. Increases 
Automatic Decimal Point Placement counter sensrti .. 

15 mv at 500 M 
Automatic Input Limiting on most  count^. , 
( eliminates input level adjustment) . . . . . . . . . . . . . . . . . . .  $49.95 
Automatic Self-check I- 
frequencies) I 

LOW rass rroc 
measuring auc 

Plug-In Time Base (for future options) frequencies. V. -. -. . 

. . . .  Plus-In Prescaler (for future o ~ t i o n s )  most counters $15.00 - 

Prices 

c a b t n ~ t  sw~lches, hardware and a complete lnstructlon manual I 

.... spec~f~caltons, and are guaranleed lor 1 year I . . . . . . . . . . . . . . . . . . .  
-.-r,-.... 

Translormer guaranleed lor l ~ f e  
Shbpptng Charges . . . . . . . . . . . . . . . .  $2.00 
lnslrucltons and Caltbrat~ng Manual . . . . . . . . . . .  
irelundable wnlh purchase) 

Order Today 
Call Toll Free 
1-800-828-7422 10-Sec. Time-Base Switch 

DAVIS ELECTRONICS 
636 Sheridan Drive 
Tonawanda, New York 14150 
(716) 874-5848 

D~gltal  Temperature 
Converter - -  d~splays 

Optton - -  extends low- temperatures from 
frequency accuracy 0 to 100°C. Works 
. . . . . . . . . . . . . . . . . . .  $10.00 on most counters (probe 

included) . . . . . . . . .  $69.95 



circuit packaging 
for uhf 

dou ble-balanced 
mixers 

Versatile PC board 
for dual-inline packaged 

double-balanced 
mixer modules 

provides 
flexible operation 

from dc to 
500 MHz 

The use of double-balanced mixers in trahsmit 
and receive converters has been explored in numer- 
ous magazine articles.'-5 The construction of mixers 
for vhf and uhf service is a relatively straightforward 
matter, and consists of a quad of matched Schottky- 
barrier diodes in a ring or bridge arrangement and 
two wideband toroidal transformers.6 However, 
with the cost of commercial double-balanced mixer 
modules now less than $10, it hardly pays for the ex- 
perimenter to build- his own. 

I was first introduced to commercial double- 
balanced mixers by Joe Reisert, WlJR,  who 
showed me how to use a dual-inline packaged mixer 
in a 432-MHz converter.' He later published informa- 
tion on a DIP pinout which is now used by many 
manufacturers for dc-500 MHz mixers.8 (see table 
1). The standardization of flatpack microwave mixers 
allowed me to develop a universal PC layout for use 
at 1296 MHz.9 In this article I will present a similar PC 
layout for use with any of the uhf mixer modules 
listed in table 1. 

mixer circuits 
The double-balanced mixer circuit shown in fig. 1 

is based upon an article by Reisert.8 Except for dif- 
ferent pin-numbering schemes used by various man- 
ufacturers, fig. 1 is an accurate representation of all 
the mixers in table 1. 

Note that two pins (3 and 7 in fig. 1) are connected 
together to form the i-f port. In some (but not all) 
mixers, these pins are tied together internally. To 
build a circuit board which is compatible with all the 

By H. Paul Shuch, WAGUAM, Microcomm, 
14908 Sandy Lane, San Jose, California 95124 
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fig. 1. Practically all uhf double-balanced mixer modules use 
the circuit shown here. consisting of four hot-carrier diodes 
and input and output transformers. Some units are 
grounded internally;as discussed in the text. 

mixers in table 1, there must be a circuit trace 
between these pins. Also, in some mixers, the 
ground points (shown as pins 2, 4, 5, and 6 in fig. 1) 
are internally connected to the mixer case; in others 
they are not. Therefore, the PC board must provide 
for external grounding of these pins. 

Of course, in mixers which are not internally 
grounded, it would be possible to connect pins 2 and 
6 together for use as the i-f port, and ground pins 3 
and 7. Similarly, if pin 1 were grounded, pin 5 could 
serve as the LO port. The same possibilities hold for 

table 1. Pin compatible dual-inline package double-balanced mixers. 
This list is not complete but gives an indication of ti% wide variety 
of pin-compatible mixers available on the market. 

frequency 
range isolation price 

type (MHz) (dB) (approx) 
Anzac MD108 5 -  500 25 5 8 
Anzac MD109 0.2 - 200 25 17 
Anzac MD142 10-1000 20 55 
Mini-Circuits SBL-1 1 -  500 30 4 

Mini-Circuits SRA-1 0.5- 500 30 10 
Mini-Circuits SRA-5 5-1500 25 30 
Merrimac 117A 0.5 - 500 30 10 
Merrimac DMS-2-200 1 -  400 30 25 
Cimarron CM-1 5 -  500 25 6 
Cimarron CM-2 5-1200 20 15 
Summit 769E 5 -  500 30 25 
Summit 761 3-1000 35 40 
Watkks-Johnson M6E 5 - 500 30 37 

Anzac Electronics, 39 Green Street, Waltham, 
Massachusetts 021 54 
Mini-Circuits Lab, 837-843 Utica Avenue, Brooklyn, New 
York 11203 
Merrimac Industries, 41 Fairfield Place, West Caldwell, 
New Jersey 07006 
Cimarron Division, Vari-L Company, 3883 Monaco 
Parkway, Denver, Colorado 80207 
Summit Engineering, Post Office Box 938, Bozeman, 
Montana 59715 
Watkins-Johnson Company, 3333 Hillview Avenue, Palo 
Alto. California 94304 

pins 4 and 8 at the rf port. For that matter, in any 
double balanced mixer the rf and LO ports are com- 
pletely interchangeable. However, since grounding is 
to be provided on the PC board, an internally ground- 
ed mixer wi l l  require a particular orientation 
on the board (more on this later). 

When the mixer has been properly grounded, and 
the i-f pins have been tied together, the three mixer 
ports can be connected to coaxial connectors. To 
minimize impedance discontinuities it is advisable to 
use 50-ohm microstrip transmission lines when inter- 
facing the mixer to coaxial connectors. 

circuit board 
Fig. 2 is a full-sized layout of a circuit board which 

will accommodate any of the mixers listed in table 1. 
As with all microstripline circuits, it is etched on one 
side of double-sided printed circuit material. The 
other side remains unetched and serves as a ground- 
plane. The dimensions of the circuit were chosen to 
provide a good impedance match to 50 ohms at all 

fig. 2. Full-size printed-circuit board for dual-inline pack- 
aged double-balanced mixer modules. 

ports (1 I16 inch or 1.5mm thick fiberglass-epoxy cir- 
cuit board). At the operating frequencies of these 
mixers the thickness of the copper cladding is of little 
consequence; I used 2-ounce copper (about 2.8 mils 
or 70 microns thick) with no observed difficulties in 
either performance or etching. 

The active pins of the mixer, as well as the center 
pins of the three coaxial connectors, must all be 
isolated from ground. This can be easily accom- 
plished by using a 1/8 inch (3mm) twist drill as a 
countersink to remove the groundplane metalliza- 
tion from around the active pins as shown in fig. 3. 
Drilling instructions for the etched board are also 
shown in fig. 3. Note that all mixer and coax con- 
nector pins require no. 56 (1.2mm) clearance holes, 
while the no. 42 (2.4mm) mounting holes in the cor- 
ner of the board easily accommodate no. 4 (M3) 
mounting hardware. This circuit board is designed to 
be used as the top cover of a Pomona Electronics 
2417 die-cast aluminum box. This enclosure pro- 
vides excellent shielding as well as an attractive ap- 
pearance, as seen in the photograph. 
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coaxial connectors 
High quality coaxial connectors are recommended 

to minimize impedance mismatches at uhf. 1 have 
had excellent results with type SMA connectors, a 
.military designation standing for Sub-Miniature, 
Type A. The SMA connector is a gold-plated pre- 
cision threaded unit, with a 3mm reference plane 
dimension. They were originally developed by the 
Omni-Spectra Company under their brand designa- 
tion OSM, a name by which they are often referred 
regardless of the manufacturer. SMA-compatible 
connectors have become a standard catalog item of 
numerous companies; the ones I use are E. F. John- - son JCM series. Their female chassis connector (part 
no. 142-2098-001 costs less than $3.00 and operates 
well into the microwave region. For interconnection 
to other modules, you will want to make up a few 
jumper cables. These can be fitted with E. F. John- 
son 142-0261-001 plugs which mate well with the fe- 
male chassis connector and cost about the same. 

mixer pinouts 
If you examine the data sheets of the mixers 

listed in table 1, you can be easily misled into be- 
lieving that the devices have different pinouts. This 
is because the manufacturers use different pin num- 
bering sequences, as shown in fig. 4. Fortunately, 
all suppliers mark pin 1 in some way, usually by pro- 
viding an odd-colored glass bead at the seal. Regard- 
less of the pin numbering scheme, the internal mixer 
configuration is basically the same. Thus it's possible 
to install all these mixers on the same circuit board. 

Installation of the mixer on the board is straight- 
forward. With the board oriented as shown in fig. 3 
(groundplane side up, coax connectors toward you), 

m s  Q . - W 56 (1 2-i 23 PLACES 

0 s  COWJTER-SW MU.€ D R U E D  
WlTn 118'(3mmI D R I U  7 W C E S  
(SEE TEXT B DETAIL .Aa) 

fig. 3. Drilling instructions for the double-balanced mixer 
circuit board. Indicated holes must be countersunk to 
eliminate short circuits to ground. 

position the mixer so pin 1 (the one with the odd- 
colored bead) is away from you and toward the 
right.The pins will fall readily into place, and can be 
soldered to the microstriplines on the opposite side 
of the board. 

When installing the coax connectors, run a bead 
of solder around the connector body on the ground- 
plane side of the board; then solder the four ground 
pins on the microstripline side. This provides 

@ . ODD C O L W D  BEAD IN ALL CASES 

fig. 4. Pin numbering arrangements used by various 
manufacturers of double-balanced mixer modules. 

"through-the-board" grounding of the applicable 
mixer pins. 

parts availability 
Most of the manufacturers listed in table 1 will 

sell their mixers directly to the individual experiment- 
er in small quantities; a few may require that orders 
be placed through a regional representative. Circuit 
boards can be etched from the artwork in fig. 2." 

"Etched, drilled, and plated circuit boards are available for $4.50 
f rom Microcomm, 14908 Sandy Lane, San Jose, 
California 95124, postpaid. 
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I the 
frequency counter 

as a synthesizer 

Low-cost ICs 
provide a method 

of converting 
your counter to a 

frequency synthesizer 
with 10-Hz readout 

If you're planning to build a frequency counter 
here's an inexpensive method for using your counter 
as a frequency synthesizer with increments of 10 Hz. 
This frequency synthesizer can be used with any 
VFO provided an afc input (tuning diode) is available 
or such modification is possible. 

Because of the availability of low-cost integrated 
circuits, digital frequency counters for receivers, 
transceivers, and signal generators have become 
very popular. 

In the case of receivers and transceivers in which 
the frequency being counted is different from the 
receiving or transmitting frequency, a programmable 
divider (up-down counter) can be used for i-f preset. 

Fig. 1 shows a block diagram of a frequency 
counter with an internal resolution of 10 Hz with the 
100-Hz digit displayed. The 10-Hz digit is not 
displayed because the error of f 1 digit is avoided as 
well as the annoying appearance of this digit at ran- 
dom intervals. The last (10-Hz) digit determines the 
highest frequency of operation. Using a low-cost 
Fairchild type F10010 BCD decade counter (fig. 2) 
21, operation to 200 MHz is provided. 

Various methods have been developed in the past 
that are suitable for frequency synthesis. The most 
elegant, accurate, and expensive method is to use a 
sample-and-hold discriminator, which samples the 
frequency at 10-Hz intervals. This method is expen- 

sive. It requires lots of pulse-shaping circuitry and 
therefore is vulnerable to thermal drift. Probably the 
simplest way of doing this, but not the most ac- 
curate, is a method in which a statistical error is 
determined. Fig. 2 shows such a circuit. 

average circuit 
The disadvantage of the circuit in fig. 2 is that, 

because of the average reading, an error of 1 digit is 
possible (10 Hz). Also two power supply voltages are 
required. The digital-analog converter converts the 
ECL pulses from the F10010 counter into a dc 
voltage, which is then integrated and, through a dar- 
lington emitter follower, is available as the afc 
voltage. While tuning, the numbers 4, 5, 6, or 7 ap- 
pear at the output of the units decade counter. This 
means a high output level (L in ECL level) at the Q3 
output of the F10010 counter. Therefore, CR24 
ceases to  conduct. 031, Q32 conduct, and the 
voltage across C55 becomes f 1.3 V. Thus the out- 
put voltage becomes - 2.5 V and remains constant 
during tuning. Once tuning is completed the output 
will be different from 4, 5, 6, or 7. In the event that 
the reading is 1, 2, or 3 the voltage across capacitor 
C54 will decrease. If the result is 8,9, or 0 the voltage 
will increase. Ideally, the average from counting 
should be 0.5; however, because of component 
tolerances the last digit could be + 1. 

The output of this circuit must be connected to the 
oscillator, and an increasing voltage will cause a 
higher frequency. Once the loop is closed, the final 
result wil l become 0.5 as a statistical average; 
therefore the frequency will be stabilized with respect 
to the counter reference frequency. 

comparator circuit 
Because the circuit of fig. 2 is somewhat limited 

by drift and component tolerances, a slightly more 
complex circuit offers the best solution. It uses the 4- 
bi t  comparator type 7485. When extremely low 
power consumption is vital, the National CMOS 
74C85 can be used. Fig. 3 shows the circuit, which is 
capable of determining counting differences be- 
tween 0 and 15, so any odd number between 1 and 

By Ulrich L. Rohde, DJPLR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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16 can be used. Sometimes using a divide-by-16 
rather than a divide-by-10 mode results in the upper 
cutoff frequency being slightly higher. 

The 4-bit comparator receives information from a 
7485, which is used as a register and from the actual 
count of the first known displayed digit. The com- 
parator has two pulse-train outputs that must be in- 
tegrated and which are used to charge or discharge 
integrating capacitors. Because of the logic decisions 
that have to be made, this circuit can't be used below 
0 and above 15 because the comparator will not res- 
pond to the upper and lower limits. Therefore addi- 
tional circuitry is required to avoid misreading. 

The desired values are now divided into three 
categories, 

A. Small values (0-3). 

B. Medium values (4-1 1 ). 

C. Large values (12-15). 
The actual (count) values are divided into two 
categories, 

D. Small values (0-7). 

E. Large values (8-15). 

In cases A and B the desired value is a small 
number and the count value is a large number; in 
cases C and D the desired value is a large number 
and the count value is a small number. The connec- 
tion between the comparator output and the charge- 
pump inputs in this case must be exchanged. In all 
other cases no change is needed. fig. 2. Averaging circuit to obtain an afc voltage from the 

Assume the case in which the desired value is 15 first ECL counter in fig. 1. 

I n  n AFc I I 

fig. 1. Block diagram of a frequency counter-synthesizer with i-f preset capabilities and nixie display. 
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CLEAR 

ST- 

STORE - 

fig. 5. A recommended time baselgenerator. 

Photographs of the circuit boards developed for the counter. Starting from the upper left and working clockwise: PC board 
using a similar circuit as in fig. 3. To achieve a digital sweep capability, the 7475 was replaced by an 8493. Programming card for 
the i-f preset. Upldown counters and latches. BCD/Fsegment decoder and MAN-1 displays. Time base dividerlgenerator. Input 
stage for a 350.MHz counterlsynthesizer for 100116-Hz locking steps. The schematic is shown in  fig. 4. 
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SET 
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I-F PRESET 

b b b b  

fig. 6. Programmable dividers and latches. 

and the oscillator drifts to a higher frequency. The 
count value should read zero. In this case the com- 
parator reads an actual value smaller than the desired 
value; however, input and output have been ex- 
changed with the aid of an additional gate, since 15 is 
a large number and zero is a small number (cases C 
and Dl. As mentioned before, the circuit has been 
designed to read values between zero and 15, so it 
will also work using a decade counter. In this case, 

increments is possible by feeding suitable pulses into 
'the up-down counters. The BCD decoders and 
MAN-1 displays are shown in fig. 7. The polarity of 
the diode and the pulling range are important for 
stability considerations. 

This circuit provides good stability over an f &kHz 
pulling range and, depending on the gate frequency, 
compensates for a drift of 25-100 Hz. During the in- 
itial switch-on period, most transceivers built by 

A B C O  

INPUT FROM COUNTERS 

fig. 7. BCD 7-segment decoders and MAN-1 display. 

however, actual count and preset value can only be 
between zero and 10. If type 74192 programmable 
counters are used instead of the 7490 decade 
counter, i-fs can be preprogrammed and therefore 
actual readings can be obtained. 

350-MHz system 
For even higher resolution such as 5.25 Hz (100 Hz 

divided by 161, fig. 4 shows the input portion of a 
counter for the divide-by-16 requirement. It works to 
about 350 MHz. The circuit is basically as that 
described above using the F10010. Fig. 5 shows the 
time-base generator circuit. Note the first 1 116 
divider, which compensates for the 1/16 divider of 
the counter input. Fig. 6 shows the programmable 
dividers and latches. Frequency stepping in 5.25-Hz 

radio amateurs drift 1 or 2 kHz, so this circuit com- 
pensates for this effect. 

concluding remarks 
No PC-board layouts are available for the counter; 

however, wiring can be accomplished easily by using 
perf boards. The input gates and flip-flops shown 
can be substituted with low-cost MECL-II ICs, such 
as the MC1007 or MC1027. However, this will reduce 
the maximum input frequency to around 100 MHz. 
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amateur hydroelectric station 

Amateurs are known 
for their ingenuity - 
this article describes 

a primary 
electrical system 

powered by a 
water wheel 

This is a report on the development of an ama- 
teur hydroelectric system, which is located in the 
wilderness of the California mountains. The develop- 
ment began in 1932 when Arch Warnock, WGGQL, 
and his wife, Marian, WGHQV, acquired a mountain 
cabin located far from telephone or power lines. 
Arch and Marian decided they needed a way to keep 
in touch with home, and this is when I was asked to 
help with the hydroelectric project. 

This article presents the development of the 
hydroelectric power system as it evolved from the 
first primative system to that used at present, which 
includes features such as pushbutton control and 
direct-reading circuits for line-voltage frequency. In- 
formation is also included on how to determine water 
flow rate and electrical and hardware requirements 
for duplicating this system. The information serves 

as a baseline for developing a system of even higher 
sophistication. 

The first power source (in 1932) was an auto bat- 
tery, which energized a dynamotor. The dynamotor 
supplied plate voltage for a single type 210 tube crys- 
tal oscillator. The inconvenience of hauling the bat- 
tery down the mountain for charging prompted the 
idea of using water power for battery charging from 
a nearby mountain stream. Thus the amateur hydro- 
electric system described here was born. 

Our first water wheel was built in 1933 - a low- 
pressure, high-volume affair 2 feet (0.6m) in dia- 
meter. It was made of sheet metal and was mounted 
in an open 4 x 4 foot (1.2x1.2m) wooden frame. An 
old Ford car wheel with a flat rim served as the driv- 
ing wheel for an arrangement of V pulleys on a coun- 
ter shaft. Sufficient speed was thus obtained to drive 
a 15-volt dc Dodge car generator. Seventy feet 
(21.3m) of 8-inch (20cm) irrigation pipe carried a 5- 
foot (1.5m) head of water along the natural gradient 
of the stream 6ed. The water was applied undershot 
to the wheel, and the open construction caused a lot 
of spray. A few well-placed shields made i t  possible 
to approach the generator for servicing. 

This assembly underwent minor modifications 
during the next several years. Several different gen- 
erators, including a modified rotary converter for ac, 
were used but the maximum power generated never 
exceeded about 200 watts. The first hydroelectric 
plant was washed away in a flood that occurred in 
1938. 

The second water wheel, which was built in 1938, 
was considerably improved. I t  had been suggested 
by two local FCC inspectors, John and James 
Homsy. The rear end of an old Essex auto was used 
because it had a high gear ratio. One axle was re- 
moved and the housing was cut back to the center 

By I .  L. McNally, KGWX, 26119 Fairlane Drive, 
Sun City, California 92381 
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and sealed. Both brake drums were placed back-to- 
back on the remaining axle. Around the circum- 
ference ten 10-inch (25.4cm) concave tank tops were 
welded radially to the drums at equal intervals. The 
wheel, which was 3 feet (0.9m) in diameter, was 
operated undershot (to maximize the head with a 
4-inch (10.2cm) nozzel). A Idinch (36cm) wooden V 

fig. 1. Hydraulic gate lifter for controlling water into the tur- 
bine. A hydraulic piston and lever syntem powered by a 12- 
volt-dc hydraulic pump operates the mechanism. 

1 ,leY::,d 

fZO4rnl 

fig. 2. Leffel turbine impeller. System is designed to deliver 2 
hp (1492 W) st lZOO rpm from a 10-foot 13m) head of water 
supplying 156 cfm 14.3cmml. 

b- ,-- 
Photograph of the complete impeller assembly. 

pully replaced the universal joint. The 10-foot (3m) 
head of water was carried to the wheel through a 
10-inch (25cm) diameter concrete pipe, 60 feet 
(18.3m) long. To provide protection from future 
floods, the assembly was housed in a concrete shel- 
ter, which was excavated into the stream bank. 

The third system, built in 1945, evolved into the 
present system. The vertical housing was made by 
using a 14-inch (36cm) section of an old 12-inch 
(30cm) diameter hot water tank. The upper end was 
closed with a mounting plate that had an 8%-inch 
(22cm) hole. The lower end was tapered to an &inch 
(20cm) diameter throat into which a boat propeller 
was suspended. The propeller suspension shaft was 
housed in a 3-inch (7.6cml OD pipe, which was 
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fig. 3. Turbine chamber detail. The throttle valve is con- 
trolled from several remote locations. Deflector plate im- 
parts a spinning motion to the water as it enters the turbine 
housing. 

welded to the top cover plate. Water brought in at a 
right angle to the upper chamber drove the propeller 
in conventional turbine fashion. 

The fourth system, which was started in 1958, 
uses an &inch (20cm) Hoppes-type HL impeller sup- 
plied by the Leffel Company, which is designed to 
deliver2 hp (1492 W) at 1200 rpm from a 10-foot (3m) 
head of water at 155 cfm (4.3cmm). The turbine im- 
peller is made of bronze and consists of four curved 
rectangular blades mounted around a tapered hub. 
The blades are attached to the hub at a 45-degree 
angle and are machined to occupy the inside of the 
throat with a 1116-inch (1.5mm) clearance. The low- 
er end of the shaft, which is in the water, rotates in a 
hard-rubber boat-propeller shaft bearing. The upper 

table 1. data for determining the amount of water flow across a 

weir. 

water depth, D, water flow, F, 
~ n .  (mm) cfm (cmm) 

1 (25.5) 0.4 (O.OO04l 

2 (51 I 1.14 (0.0013) 

3 (76.5) 2.00 10.0022) 

4 (102) 3.22 10.00361 

5 (127.5) 4.50 (0.0049) 

6 1153) 5.90 10.0065) 

7 (178.5) 7.44 10.00871 

8 1204) 9.10 10.0101 I 
9 1229.5) 10.86 (0.0121 I 
10 1255) 12.71 10.0141 I 

bearing, which is housed in an aluminum-alloy block, 
is from a Ford Fairlane automobile wheel. 

design 
The first step in planning a hydroelectric system 

is to determine the quantity and head of water avail- 

THROTTLE VALVE 
114"16 LmmlPLATE 

114'18 Smml RUBBER GASKETS 
BETWEEN FLANGES 

average stream width, W ,  and average distance of 
water flow per minute, L. The formula is 

F =  0.8WDL (1) 
where 

F =water flow rate 
W = stream width 
D =water depth 
L =water flow distance 

The distance, L, can be determined by measuring 
the movement of a half-submerged float in the 
stream for a given period of time. 

Example: Water depth is 0.75 foot (0.23m1, stream 
width is 5 feet (1.5m1, and float movement is 10 feet 

able. The approximate flow of a stream may be de- 
termined by measuring the average stream depth, D, First water wheel, which was made of sheet-metal. 
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(3.0m) in 12 seconds, or L=50  feet (15.2m). The 
flow rate, F, in this case is 

F = 0 . 8 x 0 . 7 5 ~ 5 ~ 5 0  
= 150 cubic feet per minute (cfm) 

In metric terms the water flow rate is 

F = 0 . 8 x  0 . 2 3 ~  1 . 5 ~  15.2 
= 4.2 cubic meters per minute (cmm) 

A more accurate method is to use a weir. A weir, 
consisting of a plank placed across the stream, must 
be constructed as the top section of a dam. The 
plank has a notch cut in it that is about six times as 
wide as the depth of water flowing over it. The notch 
is beveled on all sides with a sharp edge on the 
downstream side. A stake is placed about 3 feet 
(0.9m) upstream with its top level with the bottom of 
the weir notch to measure water depth, D.  Table 1 
gives data for determining water flow, F, in terms of 
weir width for water depth up to 10-inches (25.4cm). 
For example: 

6 inches of water over a 3 foot wide weir: 

36 x 5.90= 212.4 cfm 

The metric equivalent is: 

91 8~0 .0065  = 5.97cmm 

fig. 4. Discharge pipe (or draft tube) assembly and exhaust 
chamber, which are essential for good turbine efficiency. 

PERCENT THROTTLE 

fig. 5. Turbine speed as a function of percent throttle 
opening with 500 cfm 114crnm) of water flow. 

The next measurement to be made is the water 
height at the turbine. In the present system the dam 
and stream gradient gave a 10-foot (3m) head of 
water with 60 feet (18m) of pipe. All but 4 feet (1.2m) 
of this flume is 10-inches (25.4cm) in diameter. The 
flume was made as smooth as possible with a mini- 
mum of discontinuities. 

Intake chamber. The intake chamber is located 
about 4 feet (1.2m) upstream from the dam. It is 
protected by a trash screen about 4 feet (1.2m) 
high, which is made of 5116-inch (8mm) vertical rods 
spaced 1-inch (25mm) apart. The distance from the 
trash screen to the 14-inch (36cm) opening into the 
flume pipe is3% feet ( lm).  

The first 4 feet (1.2m) of the flume pipe is 14-inch 
(36cm) in diameter. This pipe is attached to a %foot 
(0.9m) sheet-metal cone, which tapers from 14 to 10 
inches (36cm to 25cm). The remainder of the 60 
feet (18m) of flume pipe is 10-inches (25cm) in 
diameter. 

A surge chamber, which is located about 10 feet 
(3m) from the turbine is also used. It consists of 6 
feet (1.8m) of 10-inch (25cm) diameter pipe mounted 
vertically on a concrete pad. A Cinch (10cm) open- 
ing in the top of the flume pipe allows water to rise 
in the vertical surge chamber. 

Gate lifter. When the turbine is not operating, a 
horizontally hinged %-inch (12.5mm) circular iron 
plate closes the intake opening (fig. 1). The plate is 
raised to the open position by a hydraulic piston 
and system of levers and a 12-volt dc airplane hy- 
draulic pump located in the turbine house. (A stand- 
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fig. 6. Generator speed as a function of percent throttle 
opening with 500 cfrn (14cmm) of water flow. Pulley ratios 
were adjusted to give 1800 rprn (60 Hz line frequency) at 40 
percent throttle to provide a margin when water supply is 
low. 

by, manually-operated pump also opens the gate. 
The gate is held in the open position by a solenoid- 
operated catch. To close the gate, the solenoid- 
operated catch is released, while hydraulic fluid is 
bled into the cylinder. Gravity and the force of water 
close the gate tightly against the opening. 

Propeller. The Leffel turbine impeller (fig. 2) re- 
volves counterclockwise, viewed from above, in a 
4-inch (10cm) deep throat 8-1/16 inch (21cm) in 
diameter. The shaft, which is 1 inch (25.5mm) in di- 
ameter, is housed in a 3-inch (77mm) OD pipe, which 
has a B.F. Goodrich no. RFG 16P hard-rubber bear- 
ing at the lower end. A Ford Fairlane wheel bearing, 
part no. BCA RW-207-CCR, which is mounted in an 
aluminum block, is located I-inch (25.5mm) above 
the turbine housing. An oil seal, National no. 
5441130, at the top of the shaft prevents water 
leakage. 

Turbine chamber. This assembly is shown in 
(fig. 3) .  A circular metal-plate butterfly valve is 
mounted in a section of the 10-inch (25cm) pipe just 
before the pipe enters the turbine chamber. The lever 
arm of this valve is actuated by a 12-volt dc reversible 
motor-driven screwjack, which is controlled from 
several remote locations. A deflector plate is placed 
at an angle to give the water a spinning motion as 
it enters the turbine housing. 

Draft tube. After the water has passed the impeller, 
it enters the discharge pipe, which is called a draft 
tube (fig. 4).  This tube, which is a 5-foot (1.5m) ver- 
tical pipe, expands from a diameter of 8-inches 

(20cm) at the top to 10-inches (25.5cm) at the lower 
end. A concrete discharge chamber, measuring 
3 x 3 x 3 feet (0.9x0.9x0.9m), provides water over- 
flow into a tailrace. The draft tube and discharge 
chamber, with the dimensions shown, are essential 
for good turbine efficiency. 

Impeller efficiency. To determine the electrical 
power to be expected it's necessary to know the 
efficiency of the turbine impeller. From the data 
furnished with the Leffel impeller, the efficiency is 68 
per cent. With 200 cfm (5.7cmm) of water available 

fig. 7. Power output as a function of percent throttle 
opening with 200 cfrn (5.7cmm) of water flow available. 

and a 10-foot (3m) head, 100-percent efficiency 
would give a power of 

6 2 . 4 ~  F x  H x  746 p=- 
33,000 

(2) 

where 

P = power (watts) 
F = water flow (cfm) 
H =water head (feet) 

Thus, 

Substituting metric equivalents for water flow, F, 
and water head, H :  

Under these conditions, about 1 kW will be delivered 
for an overall efficiency of approximately 35 percent. 

System data. Data was plotted to show turbine 
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speed as a function of throttle opening (fig. 5). Data 
was also plotted to show generator speed with pulley 
ratios to give 1800 rpm (60 Hz) at @-percent throttle. 
(See fig. 6). This allows a margin during times when 
the water supply is low. A third graph (fig. 7) shows 
power output under these conditions. 

control circuits 
Most of the control circuits perform simple switch- 

ing functions. However, a couple of ideas are offered 
for those interested in monitoring line frequency and 
building automatic control circuits for the dc-motor 
relays. 

.. Line-frequency metering. Most surplus meters 
for measuring low-frequency ac voltage cover 60 + 2 
Hz. To obtain a greater frequency range a parallel LC 
network was used, which resonates at about 25 Hz. 
The linear portion of the resonance curve extends to 
40-80 Hz, which gives a direct reading of line fre- 
quency. 

Automatic controls. Manual pushbutton control 
is used for the reversible 12-volt dc motor, which 
moves the throttle-valve arm to the open or closed 
position. An automatic circuit energizes these motor- 
control relays by using an old Jewel ac meter and 
three photoelectric cells. The three photocells are lo- 
cated under the meter pointer at the 100-, 115-, and 

Generator installation. 

Throttle valve showing screwjack. lever arm, end limit 
switches. 

130-volt positions. When the meter pointer passes 
over the photocell at the low-voltage position, a relay 
opens the throttle. This relay is actuated by a tran- 
sistor-operated sensitive relay and a latching relay. 
When the meter pointer passes the midpoint photo- 
cell the latching circuit opens, stopping the move- 
ment of the throttle throttle-valve arm. The same se- 
quence occurs when the meter pointer passes the 
high-point photocell, which causes the throttle valve 
to close at midpoint. The throttle operates only when 
the load changes significantly. 

Periperal circuits. The ac generator and its standby 
circuit are mounted vertically on hinged plates, 
which allows either to be moved into position and 
driven by dual V belts. The throttle-valve control is 
also used in conjunction with a 5-kW variac. The 
original 15-volt Edison battery bank is still used to 
operate numerous controls as well as a 12-volt light- 
ing system. A 50-ampere bridge rectifier allows the 
batteries to be charged at all times. 
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OX OSClLWOR 

OF-1 OSCILLATOR 

osc over a range of freq with the 

Cat. No. 0351 03. Cat No. 035107 
Specify when ordering. Specify when ordering. Specify when ordering 

/ \ 

.02% Calibration Tolerance 
EXPERIMENTER CRYSTALS 

(HC 6/U Holder) 
Cat. No. Specifications I I 

031080 3 to 20 MHz - for use in OX OSC Lo 
Specify when ordering $4.95 ea. 

031081 20 to 60 MHz - For use in OX OSC Hi 
Specify when ordering $4.95 ea. 

031300 3 to 20 MHz - For use in OF-1L OSC 
Specify when ordering $4.25 ea. 

031310 20 to 60 MHz - For use in OF-1H OSC 
Specify when ordering. $4.25 ea. 

Shipping and postage (inside U.S.. Canada and Mexico only) 
will be prepaid by International.. Prices quoted for U.S., 
Canada and Mexico orders only. Orders for shipment to other 

countries w ~ l l  be quoted on request. Address orders to: 
MIS Dept., P.O. Box 32497, 

Oklahoma City, Oklahoma 73132. 

International Crystal Mfg. Co., Inc. 
10 North Lee 

Oklahoma City, Oklahoma 73102 
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how to design 
regulated power supplies 

How to choose 

the correct values 
for components in your 

regulated supply - 
a typical 

5-volt supply 

is used as 

a design example 

Probably one of the rnost overlooked areas of elec- 
tronic circuit design is the power supply. Try finding 
information on how to design a power supply and 
you'll probably find either a circuit that doesn't fill 
your needs or a design procedure (if you can find 
one) so caged in higher mathematics as to make it 
undecipherable. The one mysterious area in power- 
supply design is the determination of capacitor size. 
How often have you asked yourself just what 
capacitor is needed for a power-supply circuit? 

With modern solid-state equipment, a regulated 
power supply is a must. With the new "regulators on 
a chip," we need only a power transformer, a set of 
diodes, a capacitor, and the regulator chip. The 
question that still remains, however, is "what size of 
everything do I need?" 

determining component sizes 
The problem is not as difficult as it first seems. 

Since diode and transformer sizes are most easily ob- 
tained, we'll look at them first. Having decided on a 
regulated supply, you obtain a regulator chip. These 

chips are available in a variety of voltages and current 
ratings and will probably be in a TO-3 case unless it's 
the adjustable-voltage variety. Having determined 
your requirements, you purchase a chip that has the 
desired voltage and current rating. A quick reference 
to the data sheet for the device (to find the maximum 
input voltage), and you're ready to design your cir- 
cuit. Since the power-supply output  is t o  be 
regulated, the voltage developed by the transformer 
can be anything that produces a dc voltage not 
greater than the regulator maximum input voltage, 
nor less than the minimum voltage required by the 
regulator. Expressed mathematically, this voltage is 

E r ,  min < Ec < ET, m, (1) 

where 

ETeR min = regulator minimum input voltage 

ETq = regulator maximum input voltage 

I Er 
= voltage across the filter capacitor 

The reason for maintaining the input voltage above 
the minimum voltage is to establish a "guard 
voltage," which prevents the input voltage from 
decreasing below the regulator level. Any voltage 
between the minimum and maximum input voltage 
for the regulator will produce acceptable results. 
Convert this value to  a transformer secondary 
voltage by the following formula: 

I For bridge and half-wave rectifiers, 

1 For center-tapped transformers in full-wave supplies, 

I The transformer dc-current rating for full-wave sup- 
plies using center-tapped transformers may be ob- 

I tained by 
Idc > It/1.6 (4) 

and for half-wave and bridge rectifiers 

I Idc  2 IL/O. 8 (5) 

where I L  is the amount of current in amperes that 

By Chris Cogburn, K5VKQ, 1554 Clematis 
Lane, Winter Park, Florida 32792 
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the supply provides. The symbol 2 means that any The capacitor value can be found by 
value larger than that obtained will work. For exam- 
ple, if I L  = 1 ampere and I d ,  > I L / 0 . 8 ,  any 
transformer capable of supplying more than 1.25 (121 

amperes will work. The numbers 0.8 and 1.6 are safe- where X is obtained from the accompanying tables. 
The value for C is in farads and can be converted to 
microfarads by multiplying by 106. I L  is again the cur- 
rent that the supply is to provide, and E,  is the 

L M  309 
voltage across the capacitor (obtained from the 
rectifier). 

Although the tables are for 60-Hz line frequency, 
the values may be converted to any other line fre- 
quency (such as 400 Hz) by 

fig. 1. Bridge rectifier circuit used in the design example. 

ty factors to ensure that the transformer won't be 
underrated. 

The current and peak-reverse voltage ratings can 
be obtained similarly. The peak-reverse voltage 
ratings for the diodes would be 

2 Esec(peak) 
PI V(7ated) -------- 0.8 

for all full-wave rectifiers and 

for half-wave circuits. 

The value E,$,, is obtained by multiplying the 
full secondary rms by 1.414. 

The current ratings for the diodes are 

I(amrage rated) 2 1 ~ 1 1 . 6  (81 

for all full-wave rectifiers and 

I(average rated) 2 I L / O .  8 

for half-wave rectifiers. 

The remaining task is to determine capacitor size. 
Since the capacitor is rated according to capacitance 
and voltatge rating, a minimum value must be deter- 
mined for each. 

The capacitor will charge to the peak value of the 
voltage produced by the rectifiers, so the working 
voltage for the capacitors should be 

W VDC 2 Esec (peak)  
0.8 

(10) 

for non-center-tapped transformers, and 

W VDC 2 Esec (Peak) 
1.6 

for center-tapped transformers. 
The value for Esec is found by multiplying the 

secondary rms voltage by 1.414. For center-tapped 
transformers, use the entire secondary voltage. 

- 120 X F  (from table) X full wave - - -- - -- -- -- 
F (13) 

- 60 XH (from table) Xhalfwaue - - -  
F (141 

where F is the supply ripple frequency (Hz). 
Tables 1-3 provide a range of per cent ripple 

voltages between 0.1 and 32 per cent with cor- 
responding factors for X F W  and FHW. 

design example 
Now that we have the procedure down, let's see 

how it works. Assume we need a 5-volt supply 
capable of providing 1 ampere of current. Several 
regulator chips are available, such as the National 
Semiconductor LM-309. A quick reference to the 

table 1. Multiplying factors for use in eq. 12 to determine capacitor 
values (0.1 - 0.9 per cent ripple voltage). 

per cent 
ripple 

voltage 
0.1 

0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

table 2. Multiplying factors for use in eq. 12 to determine capacitor 
values (1-9 per cent rippla voltage). 

per cent 
ripple 

voltage &FW) &HW) 

1 0.792 1.62 
2 0.386 0.799 
3 0.252 0.526 
4 0.186 0.390 
5 0.146 0.309 
6 0.120 0.254 
7 0.101 0.216 
8 0.087 0.187 
9 0.076 0.165 
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table 3. Multiplying factors for use in eq.12 to determine capacitor 

values 110-32 per cent ripple voltage). 

per cent 
ripple 

voltage 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

data sheet tells us that we should maintain the input 
voltage between 7 and 35 volts. If we use a bridge 
rectifier the circuit might look like fig. 1. If we con- 
vert the 7 and 35 volts to rms, then for the bridge rec- 
tifier these voltages would correspond to a trans- 
former voltage (rms) range of 5 to 25 volts. 

Although any transfomer within this range would 
work, the only common values are 6.3 and 12.6 volts 
rms. Either will work; however, the 12.6 volt rms 
transformer would probably be more economical 
since an increase in voltage decreases the filter- 
capacitor value. 

Assume we'll use the 12.6 volt transformer, 
transformer. The current rating for the transformer 
would be 

Id > 1 = 1.25 ampere 
0.8 

A transformer with a 1.5-ampere rating should do 
nicely. 

The diodes should be capable of supplying 

1 Id > = 0.625 ampere 

and have a reverse voltage rating of 

Diodes rated at 1 ampere at 50 volts should work well 
for CRI-CR4 in fig. 1; for example the type 1N4001. 

Since the peak voltage across the capacitor will be 
about 18 volts, or 12.6 x 1.414, and any capacitor 
that will maintain the negative ripple peaks above 9 

volts would be adequate. (Some ripple will appear at 
the output, however, and this value will be propor- 
tional to the ripple voltage across the filter capacitor.) 

The ripple voltage, E,, can be converted to per 
cent ripple by 

per cent ripple = -- Er . (100) 
Ec(peak) (15) 

(See fig. 2) If E, is taken as maximum, the negative 
ripple peaks will be V1/0 .8  and the positive peaks 
will be 

E,(peak) - (12.6) (1.41 4) = 18 volts 

(See fig. 3).  The per cent ripple will then be 

= 50 per cent 

Since the per cent ripple exceeds the values listed in 
the tables, we can- use any value of capacitance 
determined from the tables, since these values will 
produce capacitor values with ripple less than 50 per 
cent. The voltage rating for the capacitor would be 

W VDC > g3 = I8 = 23 volts 
0.8 

Choose capacitors with a maximum rating of at least 
25 volts. Usually in a case such as this, the most dif- 
ficult problem is determining the per cent ripple that 
can be tolerated. In the example above, the max- 
imum ripple was 50 per cent. The amount of ripple 
we can allow in our power supply is anything be- 
tween zero and 50 per cent. The only difference be- 

fig. 2. Typical waveform showing ripple voltage, E,, and 
voltage across filter capacitor, E,. 

tween using a capacitor that will produce 50 per cent 
ripple and one that will produce 10 per cent ripple is 
the amount of ripple appearing across the regulator 
output. 

The regulator acts as a filter (if Vi, < 7 volts); 
however, some ripple will be conducted to the out- 
put. This value of ripple will be in the millivolt range 
in both extremes, with a higher value of output ripple 
for an input ripple of 50 per cent. The best sugges- 

60 september 1977 



tion is to use a capacitor that produces the higher 
value of ripple when the supply is to power large- 
signal, low-gain circuits. Smaller values of ripple are 
dictated by higher gains and smaller signal levels. 
Ripple levels of 10 to 30 per cent will be adequate for 
all but the most stringent applications. 

Increasing the ripple voltage above 30 per cent 
or decreasing the ripple by using capacitors that pro- 
duce less than 10 per cent ripple, usually results in 

v , = m m n u  nEwLnm 
INPUT VOLTAGE I 

fig. 3. Waveform showing relationship between positive and 
negative ripple-voltage peaks with respect to the minimum 
regulator input voltage. 

less-than-desired performance. The value of 
capacitance for 10 per cent ripple would be 

= 3.761 (10-3)  farads 
= 3 761 micro farads 

and the value for a capacitor producing 30 per cent 
ripple would be 

(O'O1 744) ( I )  
= 9-69 (10-4) farad c > ---- 

18 
= 969 microfarads 

A good range of values for C would be about 1000- 
4000 microfarads. 

in summary 
Components for the power supply producing 5- 

volts output and a maximum load current of one 
ampere would be a 12.6-volt transformer capable of 
providing 1.5 amperes, four diodes (such as 
1N4001s), a capacitor between 1000 and 4000 
microfarads with a voltage rating of 25 volts, and a 5- 
volt regulator. For noncritical applications I would 
use a 1000-microfarad capacitor, and where ripple 
may be a problem I would use a 3750 microfarad 
capacitor. 

The procedure above is one I've found useful for 
the past several years. The ability to design and build 
one's own equipment is one of the most enjoyable 
facets of amateur radio. I hope you will find as much 
enjoyment in the design process as I have. 
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H E L P  AGA~ N 

RF Power Meter - identical to HP Model 430C 
- Read article April '77 HR Mag.. Pg. 44 for 
use. Copies of article available on written re- 
quest. Our special purchase is your gain at 
$34.95 ea. Note: This is Gen'l Microwave. 
451. Bolometer/thermistor mount available 
with purchase. $15 to $35 depending on type. 

Audio Compressor AN/GSA-33 - 
Five identical p lugin compres. - 
sor amps with power supply in 
19 inch rack. al l  solid state, 
60011 in & out, great for auto 
patch and phone patch. Weighs 
less than 30 Ibs. Built like a 
battleship. $34.95 

HYBRIDS - Two wire to four wire Telco with network build 
out capacitors, super for auto patch. $5.95 

RECEIVERS 
- - 9  

--- 
ARR-41/R-648 Collins Airborne version of R-390. Mechanical 
filters. Digital Tunlng. 28 VDC. Easily converted to IISVAC, 
190.500 kHz, 2.25 MHz. Modular construction. $185.00 checked 
GPR-90RX - 0.54 to 31.5 MHz. llOV. 60 Hz, info on request. 

$375.00 
R-388/51J - Collins 0.54 to 31 MHz $375.00 
R-390A - 0.54 to 3 1  MHz, overhauled complete $595.00 
Nems Clarke Model 1302-A. 55 to 260 MHz. variable IF band. 
width, AM & FM, noise figure 6 dB man. $275.00 
Stoddart UHF tunable preamps. 375 MHz to 1 KMHz - It's 
really a converter. IF output 21.4 MHz. $175.00 

SPECTRUM ANALYZERS 
SPA-4A Singer 10 MHz to 44 GHz. $475.00 
SAM-T Polarad 10 MHz to 40 GHz. $525.00 
SA84-WA Polarad 10 MHz to 63 GHz. $475.00 
BIRD 1 KW Dummy Load, 250w continuous. 1 KW intermittent 
- Small - contained inside test set (incl. meters, switches. 
etc.). Complete for $29.95 
GPT-750 Transmitter mfd. by the Technical Material Corp.. 2 
to 32 MHz, CW/USB/LSB/ISB. one KW to the antenna. 24 
hrs. a day i f  you're so incl~ned - with documentation, fair 
condition, built like a battleship . . . unfortunately i t  also 
weighs like a battleship (822 Ibs.) WOW! However, if you have 
the room, here's a r ig that will run forever. $375.00 

Standard T/T pad mounted in 
a sturdy steel case incl. 2 vol- 
ume pots & 1 push button 
labeled "Stereo" . Also has 2 
phone jacks for headphones. 
microphone, etc. Will make a 
fine control head. $24.95 

T/T Decoder Board - This 
board was removed from a 
language lab remote control 
system. You draw the sche- 
matic (because there wasn't 
one with the board). $34.95 

Line Filters - 20 A or better at 115/230 VAC. Made by 
Filtron. $8.95 
TRANSCEIVER - RF Commun. Inc. Model RF301, 2 to 15 
MHz. 1 kHz steps. synthesized. with antenna coupler $975.00 

Write for complete brochure. 
Computer Freakies Take Note! Astrodata Universal Time Code 
Translator Model 6220 plus Astrodata tape search and control 
model 6225 and a relay program control Model 6530. 

All for $225.00 
Telonic 2003 Sweep Generator System - plug-ins to cover 0.1 
to 300 MHz - Physically excellent - Needs work - with 
documentation. $175.00 

DISC CAP, 19075 BRAEMORE RD. 
NORTHRIDGE, CA. 91326 213-360-3387 



private call system 
for vhf fm 

Tired of the 
blurps and bleeps 

while listening 

to your repeater? 
Try this tone encoder 

for private and 
noise-f ree monitoring 

There are many times when you might like to mon- 
itor your local repeater while waiting for a friend to 
come on without having to listen to continual chatter 
or "kerchunking." The system described here is 
similar to the Motorola paging units wherein a tone is 
transmitted that disables receiver squelch. With the 
Priva-Call installed in your radio, all your friend has to 
do is transmit your particular (private) tone. The 
Priva-Callwill sense this tone, connect the speaker to 
the rig, and a CALL light will illuminate. The system 
is self-contained and is simply plugged into your 
external speaker jack. A 10-ohm resistor provides a 
load to your radio at all times. 

circuit description 
Audio from your receiver speaker is fed into pin 3 

of U1, the NE-567V phase-locked loop (fig. 1). When 
a tone of the correct frequency is received, the volt- 
age on pin 8 will drop from 4 to near zero volts. This 
causes Q1 to switch off, increasing its collector volt 
age from zero to 2 volts. When the gate voltage of 
02, the SCR, increases to a voltage higher than the 
cathode voltage, Q2 triggers on and closes relay K1, 
which turns on the speaker. The speaker will now re- 
main on until the RESET switch is activated. 

When you're finished answering your call, simply 
switch to RESET, then switch to ON. This will dis- 
connect the speaker, and the Priva-Call will remain 

in the standby mode until the proper tone is again 
received. 

construction 
The circuit was breadboarded and verified for 

operation using a plug-in type breadboard available 
through E. L. Company, Continental Specialties, 
Radio Shack, and others. This saves much time 
during the debugging stage. 

After the circuit was working properly at minimum 
current drain, it was built onto a piece of Vector 
board 1 x 1 % inches (3x4cm) in size with hole spac- 
ing to match the NE567 PLL." 

Parts layout isn't critical, since the circuit operates 
at audio frequencies. By making the board size small 
enough, it was fitted inside my existing Touch-Tone 
box. t An alternative method would be to mount the 
board, a battery pack (9 or 12 volts), and a small 
speaker inside a separate box and mount this box 
next to your rig. The decoder plugs into the speaker 
jack and the tone generator taps into the microphone 
input, so the system can be changed easily from rig 
to rig without destroying the resale value. 

The easiest way to construct the Priva-Call is to 
start at the left side of the circuit diagram and just 
begin wiring parts to the board in the order you get to 
them. Most component values are uncritical and 
can be obtained from advertisers in this magazine or 
through your local Radio Shack store. 

R1 can be a small trimmer of 10k-100k ohms. R2 
and R3 determine the phase-lock frequency and 
should total lk-15k for most audio tones. The values 
I chose gave a frequency range from 830-1340 Hz. 
Reducing R2 to l k  and increasing R3 to 10k or 20k 
will give a much broader range. R4 can be 2k-22k. R5 
can be 1 k-lOk. R6 and C5 provide a 1 .&second time 
delay to prevent false triggering. R8 can be 50 to 500 
ohms; its purpose is to keep the gate current small. 
R9 and CR2 aren't really needed for proper operation 
and could be omitted. CR2 does provide a CALL in- 

"Etched and drilled printed circuit boards are available from the 
author; instructions and parts layout are included. The price is 
$3.95 postpaid. Comments and questions are welcome, but please 
send a self-addressed stamped envelope for replies. 

tAvailable through D.A.R.T., Post Office Box 201, Clawson, 
Michigan 48017. (Price as of 1975 was $6.75, postpaid.) For a pic- 
ture and description, see ham radio, November 1973, page 67. 

By Ken Wyatt, WAGTTY, 12391 Marilyn Circle, 
Garden Grove, California 92641 
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dicator, though, and the combination of R9 and CR2 
helps to reduce the current drain when the relay 
is on. 

The value of R9 should be small enough so the re- 
lay will turn on and off reliably. Start with no resis- 
tor (also remove CR2 so it won't burn out), and get 
the circuit working first. Add R9 and CR2, then start 
increasing R9 to reduce current drain. By adding that 
one resistor, the current drain can be reduced from 
40 to 25 mA - a valuable saving if your rig is battery 
operated. 

C1 can be a 0.1 to 0.5pF disk ceramic. C2 deter- 
mines the frequency and should be of good quality 
for stability. C3 should be a minimum of twice the 
value of C4. If C3 is too large, it will delay turn-on and 
turn-off of the NE567. C4 determines the bandwidth 
and should be 2.2pF. C6, C7, and C8 provide rf by- 
passing to prevent triggering by nearby transmitters. 

For those who wish to experiment, the formula for 
frequency in this case is 

where F is frequency (Hz), R2, R3 are in ohms, and 
C2 is in farads. 
The formula for per cent bandwidth is 

where B W is bandwidth (%), V is the input voltage 
(which equals 0.2 V) C4 is in pF, and F is frequen- 
cy (Hz). 

encoder circuits 
Three simple ways can be used to provide the call 

ing tone; two are oscillator circuits and the third 

C A L L  

c g v -  

1 B T O  4 5  O H M  
S P E A K E R  

fig. 2. Encoder system 2, which uses a unijuriction transistor 
(UJT) oscillator. The speaker is held near your microphone 
to activate the system. 

uses a Touch- Tone pad. I used the tone pad since 
it provides a stable frequency by pushing adjacent 
buttons. See table 1 for a listing of all the possible 
frequencies available. 

System 2 is a UJT oscillator, which can be audio- 
coupled to your transmitter by holding the speaker 
next to the microphone (see fig. 2). 

System 3 uses a phase-locked loop IC as the tone 
generator and is directly connected to the micro- 
phone input, fig. 3. Also, bear in mind that these are 
not the only circuits that will work for generating 
audio tones. For example, many circuits have been 
devised using the NE555 timer 1C.l 

system hookup 
The Priva-Call system is designed to fit between 

the speaker jack on your transceiver and an external 
speaker. Note that if the decoder board is mounted 
inside your radio, you can use the original speaker. I 
used a Motorola speaker, but there's no reason why 

C1,CZ 0.1 pF 272-1069 R E S E T / O F F  - ON 

C3 4.7 ,LF.  15 volts 272-1001 
c 4  2.2 pF 272-1 040 U I - N E 5 6 7 V  

U 2 - N E 5 6 6 V  C5 100 rF ,  15volts 272-1005 R 7  

C6,C7.C8 0.01 pF 272-131 
276-2Wg irk: ;": T 

4 7 0  

01  2N71Er2N2222.2N3565 C R  I 
6 V  Q2 small scr 276-1 059 

6  Z E N E R  
U1 NE567V 276-1721 
CRl 1N4735.6.2-volt, 1-watt 276-561 

5 0 2  

CR2 Red LED 276-041 T O P  V I E W  G 

RY 1 miniature magnetic reed relay 275-230 < R 4  Z R 6  R E  T O  or sensitive mechanical relay 275-004 R E C E I Y ~ ~  4 : 2 . 7  :*33k l o o  

SW1 dpdt miniature toggle switch 275-1546 S P E A K E R  
< ' C I  . 

O U T P U T  
R1 10k trimmer 271-218 R I O  u I -1 8 C_O 

R3 5k trimmer 271-217 10 N E 5 6 7 V  

C R 2  
L E D  

GROUND C A L L  

0 1  
2 N 2 2 2 2  

0 2  - S C R  
R  9  

fig. 1. Priva-Call decoder schematic. BOTTOM 
V l E W  

Capacitors less than 1 pF are disk ceramics; 
those over 1 ~ L F  are electrolytics. 
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table 1. Possible tone frequencies available for use with the Pr~va-  
Callsystem using the Touch-Tone pad. 

pushbutton 
numbers 

1 and 2 
4 a n d 5  
7 and 8 
' and 0 
1 a n d 4  
2 and 5 
3 and 6 

frequency 
(Hz) 
697 
770 
852 
94 1 

1209 
1336 
1447 

you couldn't mount a small speaker inside the same 
minibox as the decoder. See fig. 4.  

The system I used incorporated both the Touch- 
Tone pad and the decoder board. See fig. 5. 

adjustment 
You can either use a signal generator set to your 

tone frequency, or a repeater-group member or 
friend who will transmit the tone. 

Signal generator method. Disconnect the Priva- 
Call from the speaker hjack of your radio and connect 
it to your signal generator. Set the generator for 
about 1 volt output at the tone frequency you want. 
Adjust R1 for a reading of 0.1 to 0.2 volt at pin 3 of 
U1. Now slowly adjust R3 until the system triggers 
on. The voltage at pin 8 of U1 should decrease to 
near zero. 

fig. 3. Encoder system 3. This system uses the NE566V 
phase-locked loop. Output level is adjusted so that the tone 
is the same amplitude or slightly less than that of your voice 
as someone listens to your signal. 

C A L L  

Remove the tone signal and the SCR should re- 
main conducting and the CALL light should remain 
illuminated. Move switch S1 to RESET then to ON, 
and the CALL light should turn off, indicating stand- 
by mode. If the system triggers falsely when con- 
nected to your radio, make sure that the voltage at 
pin 3 of U1 is not more than 0.2 volt. This is ac volt- 
age, by the way, and not dc voltage. 

B O A R D  
M I N I A T U R E  

S P E D K E R  

PLUG T O  F I T  
S P E A K E R  J A C K  

a -+1zv 

8 
4 7 1  

fig. 4. Self-contained version of the Priva-Call. 
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Group-member method. Instruct your friend to 
transmit the tone for three seconds then wait for sev- 
en seconds repeatedly until proper operation is ob- 
tained. Adjust the volume control on your radio for 
normal listening level. Then adjust R1 and R3 as 

fig. 5. Priw-Call system with external speaker, which is 
built into a Touch-ToneQ box (see text). 

described above until your speaker is triggered on 
every time. 

operation 
Place toggle switch S1 in the RESETIOFF position 

and adjust your radio for normal listening volume. To 
call a station, press the CALL button or the proper 
Touch-Tone buttons. Hold the CALL button in for at 
least two seconds so you're sure the other party's 
speaker has latched on . Now make your call as 
normal. 

To place your Priva-Call in the standby mode, 
move the switch to the RESETIOFF position and ad- 
just your radio for no~mal  volume. Turn on the 
squelch and move the switch to the ON position. 
The Priva-Call is now ready to receive the proper 
call tone. 

reference 
1. Request a copy of the LM-555 Timer Application Notes from 
Signetics, 811 East Arques Avenue, Sunnyvale, California 94086. 
See also The Linear Data Book, National Semiconductor Corpora- 
tion, 2900 Semiconductor Drive, Santa Clara, California 95051 
(price: $3.50). Also available through Radio Shack stores. 
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The ATLAS 21Ox/215x fits them all! 
ECONOMICAL POWERFUL. RELIABLE COMMUNICATIONS 

FOR MOBILE PORTABLE OR MARITIME MOBILE. 
The Atlas transceiver is by far the most 
popular single sideband amateur SSB 
transceiver for mobile and maritime serv- 
ice. With its low power consumption, small 
size: 3%'' x 9%'' x 9(/2", and light weight: 
7 pounds, it fits into any automobile, boat, 
or even an attache case. 

Despite its compact design it packs a hefty 
200 watts of power providing inexpensive 
world wide communications on 5 amateur 

And with the exclusive Atlas Mobile 
Mounting Kit, the 210x/215x can easily be 
transferred from boat to car in seconds. 
Simply slip it out of one mounting kit into 
the other, and connections for the an- 
tenna jack, mic jack and AC or DC input 
are made automatically. 

The Atlas 210x/215x is a powerful, reli- 
able, yet lightweight amateur radio that fits 
almost anything that moves, and is avail- 

bands. able at most amateur radio stores. 

Atlas 210x or 21 5x . . . . . . . . .  .$679. 

Model 210x covers 3.5. 7, 14. 21 and 28 
MHz ham bands. Model 215x covers 1.8. 
3.5, 7.14, and 21 MHz ham bands. 

Plug-in Mobile Kit . . . . . .  $ 48. 

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

ATLAS 
R A D I O  INC. 

4 17 Via Del Monte. Oceanside. CA 92054 
Phone (71 4) 433- 1983 

Special Customer Service Direct Line 
(714) 433-9591. 



measuring 
resistance values 

below 1 ohm 

A simple, 
effective circuit 

for low-value 
resistance measurements 

using readily available parts 

While researching the Amateur Radio literature I 
found suprisingly few articles on measuring low 
values of resistance, especially for measurements 
under 1 ohm. When making a shunt for a typical 0-15 
milliammeter so that it will read 0-150 milliamperes 
(or higher), we usually need a shunt or resistance 
with a value of less than 1 ohm and probably close to 
0.3 ohm. Unless such a shunt is accurately made it's 
easy to obtain an error of 20 or 30% in the expanded- 
scale readings of the shunted meter. 

A search revealed some significant facts about 
resistance measurements in general. The Wheat- 
stone bridge, used to measure resistance, measures 
medium and high resistances but isn't suitable for 
measuring resistances of less than 1 ohm. 
Resistances ranging from a few to a few-hundred 
ohms may be measured by using a constant current 
of the same value flowing through a known and 
unknown resistance, then measuring the voltage 
drop across the unknown resistance. 

A method for measuring very low resistance values 
was found in which large values of current (about 50 
amperes) were applied to a low-resistance circuit, 
then measurements were made of the low value of 
voltage across the unknown low resistance. Very low 
values of voltage, divided by high values of current, 
will give values of resistance in thousandths-of-an- 
ohm range. This latter method seemed like a good 
approach, but I decided to use values of current 
much, much, lower than 50 amperes to measure 
voltage in the millivolt range. 

For these measurements I used a millivoltmeter 
that reads 0-50 mV on one scale and 0-500 mV on the 
other, a Simpson model 260 multimeter (to read 100 
r n  A, and a couple of 1 -ohm 1 % resistors. ) 

While the next statement may be old stuff to 
many, it nevertheless bears repeating. The ohm may 
be defined as the resistance of a conductor through 
which an emf of 1 volt will maintain a steady current 
of 1 amperes." We'll use this principle in a circuit in 
which the voltage-to-current ratios will be 1 ohm, but 
the actual values of voltage and current used will be 
one-tenth of 1 volt and one-tenth of 1 ampere. We 
will have the following relationships: 

E R = - ; 1 o h m =  0.1 volt 
I 0.1 ampere 

unknown R < millivolt reading (vo1ts-l 
(less than 1 ohm) 0.1 ampere 

measurement circuit 

The circuit used to make these measurements is 
shown in fig. 1. If you make measurements below 1 
ohm, you may wish to use eight binding posts and a 
minibox enclosure (mine measures 4 by 4 by 2 inch- 
es, or 102 by 51mm). Use good-quality bind- 
ing posts; do not use Radio Shack no. 274-661, 
which are made in two pieces and break apart when 
the hex nut is tightened. A 1-inch (25mm) spacing on 
centers for the unknown binding posts will allow 
resistance measurements in terms of ohms per inch 
or ohms per mm. This circuit is simple. However, 
the mechanical connections must be tight, joints well 
soldered, and no. 12 or 14 (2.1 or 1.6mm) copper 
wire used to make connections. 

procedure 
In making resistance measurements, a 1-ohm, 1 % 

resistor (the "standard") is connected in the 
unknown position and the battery and milliammeter 
are connected to their posts (fig. 1). The 50-ohm pot 
is adjusted so that milliammeter reads 100 mA. The 
millivolt meter is connected last, and it will read 
100 mV. 

Disconnect one lead of the rnillivolt meter from its 
post, remove the 1-ohm, 1% "standard" resistor, 
and connect the unknown resistor (assumed to be 
less than one ohm). Gingerly touch the lead of the 
millivolt meter to its post to see if the millivoltmeter 
will read on the scale. Observe the millivolt reading 

I 'An interesting but slightly different definition is given in ref- 
erence 1. Editor 

By H. J. Stark, W40HT. 9231 Caribbean 
Boulevard, Miami, Florida 33189 
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fig. 1. Schematic, A, and panel arrangement, B, of the low- 
resistance measuring c i rcu i t .  B ind ing posts  f o r  t h e  
unknown resistance can be spaced 1 inch or 25mm, which 
allows resistance measurements i n  terms of unit  length. 
Short lead lengths of large-diameter wire are necessary for 
accuracy. Insulate binding posts f rom the chassis. 

and, at the same time, see that the milliammeter 
reads 100 mA. 

The millivolt reading divided by 0.1 is the resis- 
tance of the unknown being measured. Remember 
that if you use clip leads or long wire leads from the 
unknown resistance to the binding posts their 
resistance contributes to the value of resistance be- 
ing measured. 

A word of caution. If you are using a sensitive 
and/or expensive millivoltmeter, be sure the scale or 
meter setting will accommodate the reading. For ex- 
ample, if you use a 0-25 or 0-50 millivolt range meter 
and the unknown resistance turns out to be 0.8, 0.9 
or 1 ohm, the meter pointer will slam against its stop 
and meter damage will probably result. Always use 
the largest millivolt scale first. 

Keep in mind also that accuracy is limited by 
such factors as the accuracy of the 1-ohm, 1% 
"standard" resistor and the accurracy of the meters 
and their shunts. Since most good-quality current- 
and voltage-measuring equipment available to 
amateurs runs about 1 or 2%, the low-resistance 
measurement values should also be in that range. 

reference I I 
1. E. A. Mechtly, "The International System of Units. Physical 
Constants and Conversion Factors," NASA Publication SP-7012, 
Scientific and Technical Information Division, Office of 
Technology Utilization, National Aeronautics and Space Ad- 
ministration, Washington, D. C., 1960, page 5. (Available from 
Superintendent of Documents, U.S. Government Printing Office. 
Washington, D. C. 20402; price 30 cents.) 
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tone-burst generator 

for I 
charged to 12 volts through the PTT circuitry during 
receive. 
Fig. 1 shows the schematic of the complete tone repeater accessing burst generator. The astable frequency is defined 
from the equation 

Unique, single IC 
tone-burst generator 

that can fit 
inside a 

microphone case 

As more and more repeaters are licensed, inter- 
ference increases when a common input frequency is 
shared by multiple repeaters. One solution to this 
problem is tone-burst accessing. This type of ac- 
cessing usually requires a short burst, about one sec- 
ond in duration, at a specified frequency such as 
1800 Hz. Each time the transmitter is energized, a 
tone is transmitted which is decoded at the proper 
repeater. 

circuit description 
A very simple, inexpensive, and small tone-burst 

generator has been developed which will fit inside a 
microphone case and yet is powered from the trans- 
ceiver without any additional wiring. The tone-burst 
circuit uses a CMOS quad NOR gate, CD4001AE. 
These chips are obtainable from parts suppliers listed 
in the back of this magazine for less than $1.00. The 
quad NOR gates are connected in a standard astable 
multivibrator circuit to generate the tone needed for 
accessing a repeater. The Tone burst on-time is 
developed by an R-C time constant which is trig- 
gered by the PTT switch closure to ground. A large- 
valued-power supply capacitor is used to power the 
multivibrator for a time period slightly longer than the 
tone burst on-time. The capacitor is normally 

1 where R1 is in ohms and C1 is in farads. By making 
R3 greater than 2R1 the tone-burst frequency is 
essentially independent of temperature effects and 
power supply voltage. The astable multivibrator is 
gated on by another section of the quad NOR gate. 
The on-time is defined by the R2-C2 time constant 
and is approximately equal to 

i 
i 

To, = I .  I R2-C2 seconds 

1 where R2 is in ohms and'C2 is in farads. C2 is only al- 
lowed to charge after the PTT switch closure. When 
C2 is charging, the oscillator will be turned on until 
the C2 charging voltage rises above the input thresh- 
hold of the NOR gate. Note that voltage is removed 
from the circuitry when the PTT line is grounded. To 
provide a supply voltage during the tone burst inter- 
val, capacitor C3 is used to store enough charge to 
power the astable. C3 is a miniature electrolytic.capa- 
citor whose value should be greater than 30pF at 15 
Vdc. The series diode prevents the discharge of C3 
when the PTT line is grounded. 

A simple T-network is used to attenuate the 12- 
volt oscillator output voltage to a level necessary to 
drive the microphone input circuitry of the trans- 
mitter. The values of the network should be adjusted 
to provide sufficient drive voltage without unneces- 
sary loading of the microphone element. 

interfacing 
Fig. 2 shows the schematic of the tone-burst gen- 

erator connected to the microphone and PTT cir- 
cuitry. Note that only three wires are needed to inter- 
connect the tone-burst generator with the trans- 
mitter. The power supply voltage is taken through 
the PTT relay in the transmitter. 

When adjusting the tone-burst frequency, it is 
helpful to ground pin 1 or 2 of the CD4001 so a tone 

By Gene Hinkle, WA5KPG, I10 Engineering, 
9503 Gambel's Quail, Austin, Texas 78758 
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0 PTT LINE 

T l-OAUOM LINE 

+IZV '1 
I 
I 

OUTPUT & 
I 
L-- 

fig. 1. Schematic diagram of the tone-burst generator. A burst is 
generated each t ime the microphone switch is  closed. Capacitor C3 
is  used t o  power the generator. 

is generated at all times. The value of R1 should then 
be adjusted to put the oscillator right on frequency. 
A pot could be used during adjustment and then re- 
placed after the correct resistance value is found, or 
if a miniature trimpot is used, it could be left in the 
circuit at all times. 

Since the circuit uses only one IC and a few com- 
ponents, it will easily fit inside the microphone case 

- 
TRANSMIT 

PTT RELAY 
4+12V 

SWITCH 

YIC ELEMENT 

MIC y*a 
INPUT 
ClRarTRY 

MIC LOW GROUND 

I 
L TYPICAL TRANSMITTER -------- 

I GROUND 

fig. 2. The connections between the tone-burst genarator and a 
transmitter. Power is  derived f rom the P l T  circuitry. The generator 
w i l l  easily f i t  in to the transmitter or even the microphone case. 

or inside the transmitter chassis at the microphone 
connector site. If needed, a miniature switch could 
also be used to disable the circuit when not needed 
or to change the value of R1 to generate a different 
frequency. 
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MADISON 
SUPER STATION BUYS 
HY GAIN 18AW/WB + 100 feet RG8 coax $100.00 
HY GAIN 18V vertical $19.95 Model 214 2m Ya i $21.50 
VHF SPECIALS: Kenwood TS.700A List.  . . $599 Call for quote 
KLM: Antennas Linears Accessories Al l  I n  Stock 

FREE b a l h  w/2 Aeter base antenna. 
JANEL PREAMPS: In Stock. Technical Books (ARRL, Sams. 
Tab. RCA. T.I.. etc.) 
HAM X ROTOR (New Model) Turns 28 sq. ft. of antenna 
List . $325 Order Now Your Price $289 
KLM ~ ~ 4 0 0  ROTOR $85.00 
CDE Bi  Talk Rotor $79 00 CDE HAM-II $129.00 
BIRD 44 WAITMETERS plus slugs i n  stock. 
SWAN METERS: WM 6200 VHF Wattmeter $49.95; SWR 1A $21.95 
TELEX HEADSETS: In Stock CETRON 5728 $24.95 ea. 
AOEL nibbling tool . . . $6.45 punch . . . $3.50 
CABLE 5/32". 6-strand. soft-drawn guy cable. For mast or 
li h t  tower, 34 foot. 
B~LDEN COAX CABLE: 8237 RG8 194 ft 8214 RG8 foam 236 
ft., 8448 8.wire rotor cable 14$ ft.. 8216'72 ohm kw twinlead 
$19/100 ft.. 8235 300 ohm kw twinlead $12/100 ft.. Amphenol 
PL-259 59 UG175 adapter 19$. 
NYLON c&D 5000 ft. + per roll $15.00 
BELDEN 14 gauge copper stranded antenna wire $5.00/100 ft. 
RG8 foam Xtra-Flex coax 236 R RG8 foam Superflex coax 236 ft. 
22 auge plastic covered for long ware, rad~als $3.50/1000 ft. 
KE~TER SOLDER 1 Ib. 60/40. .062 $6.50 

CALL FOR QUOTES ON: YAESU FT301D, 
FT301, ATLAS 350XL, KENWOOD TS520S, 
TS600A, TR7400A, FTlOlE, TEMPO 2020 & 
ETO-ALPHA. ALL IN SEALED CARTONS. CALL 
FOR QUOTES ON ITEMS NOT LISTED. 
CALL FOR FAST QUOTE OR WRITE AND INCLUDE TELE- 
PHONE NUMBER. IF WE LAVE YOUR BARGAIN, WE'LL CALL 
YOU PREPAID. 
TERMS: All prices FOB Houston. Prices subject to change without notice. 
All Items Guaranteed. Some items subject to prior sale. Send letterhead 
for Amateur dealers price list. Texas residents add 5% tax. Please add 
postage estimate, excess refunded. 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON. TEXAS 77002 
7131658-0268 Nites 7131497-5683 

ENDS SEPT. 23,1977 
Call or Write for 

Full Sale Information 
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W e  to ld  y o u  tha t  t he  TS-820 wou ld  be  
best. In l i t t le  more  t han  a year ou r  

promise has become a fact.  Now,  in 
response t o  hundreds o f  requests f r o m  

amateurs, Kenwood offers t h e  TS- 
820s'. . . t he  same superb transceiver, 

b u t  w i t h  t h e  digi tal  readout factory 
installed. As a n  owner  o f  th i s  beaut i fu l  

rig, you  will have a t  your  f ingert ips 
t h e  combinat ion of cont ro ls  and  fea- 
tures t ha t  even under  t h e  toughest 

operat ing condit ions make  
t h e  TS-820s the Pacesetter that it is. 

' - .a. - T - 7  t * . *p 

Following are a few of the 
TS-820s' many exciting 
features. 
PLL The TS-820S'employs 
the latest phase lock loop 
circuitry. The single 
conversion receiver section 
performance offers superb 
protection against unwanted 
cross-modulation. And now 
PLL allows the frequency to 
remain the same when 
switching sidebands (USB, 
LSB, CW) and eliminates 
having to recalibrate each 
time. 
DIGITAL READOUT The 
digital counter display is em- 
ployed as an integral part of 
the VFO readout system. 
Counter mixes the carrier VFO, 
and first heterodyne frequen- 
cies to give exact frequency. 
Figures the frequency down 
to 10 Hz and digital display 

SPEECH PROCESSOR An,  
RF circuit provides quick 

using a true RF compressor 
as opposed to an AF clipper. - '-: 
Amount of compression is <,*: 
adjustable to the desired 

4 level by a convenient front 
panel control. 
IF SHIFT The IF SHIFT 

'i: -... 
control varies the IF pass- 
band without changing the . . 
receive frequency. Enables 
the operator to eliminate 
unwanted signals by moving t :lirl them out of the passband of !! 
the receiver. This feature 4 

alone makes the TS-820s 
! 

a pacesetter. 

The TS-820 and DG-1 are still avail- 
able separately. 



dB attantumor that can be acti- 
vated by a push button wich 
comenintly located on the 

A special jack on the rear panel 
of the fS-520s provides receiver 
signals to an external receiver for 
incressed station versitility. A 
switch on the rear panel deter- 
mines the signal path.. . the 
receiver in the TS-820 or any H x 33313. (13.3/16) D mm(inch) 
external receiver. Weight: 16.0 kg(35.2 Ibs) 

TRANSMlTlER 
RF lnput Power: SSB: 2W Watts 

The VFO-520 remote VFO PEP CW: 160 Watts OC 
matches the styling of the TS- Carrier Suppression: Better than 
520s and provides maximum -40 dB 
operating flexibility on the band Sideband Suppression: Better 
selected on your TS-520s. than -50 dB 

The TS-520s is completely self- M~crophone Impedance: 50k Ohms 
contained with a rugged AC AF Resoonse: 400 to 2.600 Hz 
power supply built-in. The addi- 
tion of the DS-1A DC-DC Sensit~v~ty: 0.25 uV for 10 dB 
converter (optional) allows for 
mobile operation of the TS-520s. sele~ivlty: SSB.2.4 kHz1-6 d ~ ,  

4.4 kHz/-60 dB 
Selectivity: CW: 0.5 kHz/-6 dB. 

The TS-520s has 2 convenient 1.5 kHz/-60 dB (w~th optional 
CW.520 lilter) RCA phono jacks on the rear 

panel for PHONE PATCH IN and Image Ratio: Better than 50 dB 
PHONE PATCH OUT. If Relection: Better than 50 dB 

AF Output Power: 1.0 Watt (8 
Ohm load. w ~ l h  less than 10% 

The CW-520-500 Hz filter can be 
easilly installed and will provide Af Output Impedane: 4 to 16 
improved operation on CW. 

SPECIFICATIONS 
The AGC circuit has 3 positions Measuring Range: Hz to 
(OFF. FAST, SLOW) to enable 
the TS-520s to be operated in Input Impedance: 5 k Ohms 
the optimum condition at all Gate T~me: 0.1 Stc. 
tlmes whether operating CW 
or SSB. 

The TS-520s retains all of the 
features of the original TS-520 
that made it tops in its class: RIT 
control 8-pole crystal filter 
Built-in 25 KHz calibrator Front 
panel carrier level control Semi- 
break-in CW with sidetone - 
VOX/ PTT/ MOX TUNE position 
for low power tune up Built-in 
speaker Built-in Cooling Fan 
Provisions for 4 fixed frequency 
channels Heater switch. 

lnput Sens~t~v~ty 100 Hz to 40 
MHz 200 mV rms or over. 10 
kHz to 10 MHz SO mV or over 

Measur~ng Accuracy Internal t~me 
base accuracy 2 0  1 count 

T~me Baw 10 MHz 
Operat~ng Temperature -10' to 
M" C/14" 122" F 

Power Requ~rement Suppl~ed 
lrom I S  520s or 12 l o  16 VDC 
(nom~nal 13 8 VDC) 

O~mens~ons 167(6 9/16) W a 
43(1 11/16) H x 268(10 9/16) D 
mm(1nch) 

We~ght 13 kg(29 Ibs) 
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- d w u -  
k t u r e s  Kenwood's unique Continuous Tone Coded 
Squelch system, 4 MHz band coverage, 25 watt 

tput and fully synthesized 800 channel operation. 
is compact package gives you the kind o f  perform- 
XI specifications you've always wanted in a 

I 2-meter amateur rig. 
Outstanding sensitivity, large-sized helical tesonators 
with High Q to minimize undesirable outof-band 
interferance, and give a 2-pole 10.7 MHz monolithic 

I 
crystal filter combine to g&e your TR-7400A outstand. 
ing receiver performance. Intermodulation character- 
istics (Better than 66dB), spurious (Better than -60dB 
image rejection (Better than -7OdB). and a versatile 
squelch system make the TR-7400A tops in its class. 
Shown with the PS-8 power supply 
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Kenwood developed the T-599D transmitter and R-599D 
receiver for the most discriminating amateur. 
The R-599D is the most complete receiver ever offered. I t  is 

full ama 
AM and 
The T-5' 

entirely solid-state, superbly reliable and compact. It covers the 
teur band ~ g h  160 meters, CW, LSB, USE, 
FM. 

99D is sol rith the exception of only three 
1uues. 11, 
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the R-5: 
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.. 
8 ,-I.? - J J J ? ~  CC-29A. .2  Meter Converter for TR-7500. . .I00 Channel Synthesized 
820 !hries R-599D 2 M FM Transceiver 

. . .  TS820S..  .TS-820 with Digital CC-69.. 6 Meter Converter for TR-8300. . .70 CM FM Transceiver 

Installed R-599D (450 MHz) 
.. .. TS820 .  . l o - 1  6 0  M Deluxe FM-599A.. FM Filter for R-599D TV-506. . 6  M Transverter for 

Transceiver 520 /820 /599  Series 

for TS-820 R-300 General Coverage SWL Recelver 
HS-4. . . . . .  Headphone Set 

for TS-820/820S MB-1 A.  .Mounting Bracket for . . .  
TR-2200A . TS-820/820S TS-600.. . 6  M All Mode Transce~ver .. 

TS-700s. . .2  M All Mode D~gital MC-50.. Desk Microphone ... A.. DC-DC Converter for 
Transce~ver PS-5. . . . . .  Power Supply for TR 

5 2 0 / 8 2 0  Series 
VFO-700s. .Remote VFO for TS-700s PS-6. ..... Power Supply for TR 
SP-70. .... Matchlng Speaker for PS-8. . .... Power Supply for TR- 

.160-10 M Transceiver 
TS-600/ 700  Series VOX-3. ... VOX for TS-600/ 700A 

TR-2200A. 2 M Portable FM 

620.. .Remote VFO for TS-520 Transceiver Trio-Kenwood stocks a complete l~ne of 

and TS-520s TR-7400A. 2 M Synthesized Deluxe replacement parts. accessortes, and manuals 
FM Transceiver for all Kenwood models 

! I 

Descrapl~on Model Y For use wlth 
Rubber Helical Antenna RA-1 TR-2200A 
Telescoping Whip Antenna T90-0082-05 TR-2200A 
Ni-Cad Battery Pack (set) PB-15 TR-2200A 
4 Pin Mic. Connector €07-0403-05 All Models 
Active Filter Elements See Service Manual TR-7400A . ?-5Bf9~.. . .80-10 M Match~ng 

Transmitter Tone Burst Modules See.Service Manual TS-700A; TR-7400A 
AC Cables Specify Model All Models 
DC Cables Specify Model All Models 

The Kenwood H S 4  headphone set adds The MG50 dynem~c microphone has been '. 
vemt t t i i  to any Kenwood station. For designed expressly for amateur radio operation 
extended periods of wear. the HS-4 IS comfort- as a splend~d eddlt~on to any Kenwood shack. 
ably padded and 1s completely adjustable. The Complete WI~JI PTT and LOCK switches, and a , , - 
frequency response of the HS-4 is ta~lored m~crophone plug for lnstant hook-up to any , ;. 
spec~fically for amateur communication use. Kenwood rig. Eastly converted to hlgh or low '-I! 

1-3 (300 to 3000 Hz, 8 ohms). ~mpedance (600 or 50k ohm) I 

- -  - 3 I - -- I 

-.-lr 1 
>I . I 

TRIO-KENWOOD COMMUNICATIONS INC. 
11 11 WEST WALNUT/COMPTON. CA 90220 @KENWOOD :i 



Joe Carr, K4IPV 
troubles hooting 
the power supply 

It's probably safe to say that few circuits fail as 
often, in almost every type of equipment, as the 
power supply. In fact, a dictum often given younger 
electronics people by more experienced hands is to 
look for the power supply problem before attempting 
to find any others. I know this is a rather large claim, 
but it's supported by almost two decades of elec- 
tronic service experience and will probably be corro- 
borated by others who have such experience. 

In this month's repair bench we'll discuss the 
troubleshooting techniques appropriate to receivers, 
transceivers, low-to-medium-power transmitters, 
and other items of station equipment. It's assumed 
that the reader is limited as to available test equip- 
ment, so the procedures are given in terms of simple 
voltmeters and ohmmeters, although it's recom- 
mended that you also obtain at least a low-cost 
oscilloscope. 

full-wave supply 
Consider the rather ordinary full-wave supply of 

fig. 1. This circuit is of a type frequently encountered 
in amateur radio equipment. We'll not spend any 
time describing the operation of this type of circuit 
because this is an article on troubleshooting, not 
theory. If you want a review, see the Radio Amateurs 
Handbook and the other appropriate amateur liter- 
ature. 

By Joseph J. Carr, K41PV, 5440 South 8th 
Road, Arlington, Virginia 22204 

The rectified output voltage waveform, without 
filtering, resembles a series of pulsating dc waves 
(or inverted parabolas). But with capacitor C3 con- 
nected the waveform more nearly resembles that of 
fig. 2A. The output waveform taken across bleeder 
resistor R1 should be very close to a straight line and 
be ripple-free. 

common problems 
Several different types of problems will be found 

i n  power-supply circuits. Those most  often 
found are: 

1. Hum or ripple on the dc output. 

2. No output voltage, but the fuse is okay. 

3. Fuse blows. 

fig. 1. Typical dc power supply using full-wave rectification. 
The text describes methods for troubleshooting problems 
that cause ripple or hum in the output. 

Ripple appears in any number of ways, depending 
mostly on the nature of the circuit drawing power 
from the affected power supply. In a communica- 
tions or broadcast receiver, for example, the hum will 
most likely be heard in the speaker or earphones: 
while in a transmitter, the hum will most likely modu- 
late the output and be heard by others. It doesn't 
only affect ssbla-m transmitters, incidentally, so also 
suspect ripple in many types of problems in CW and 

78 september 1977 



fm transmitters. On a television screen, ripple will 
usually show up as either single (60 Hz) or double 
(120 Hz) horizontal black bars, sometimes of low 
contrast, that seem to migrate vertically up the 
screen. 

In almost all cases where ripple or hum originates 
in the power supply, it's reasonably safe to "pre- 
indict" the filter capacitors. These components are 
the most frequent source of trouble. Realize, how- 
ever, that not all sources of hum or apparent ripple 

The waveforms in figs. 2A and 2B were taken 
from the same power supply, on the same oscillo- 
scope, with the same sensitivity setting, during the 
same session. The actual power supply circuit was 
not unlike that of fig. 1, but the filter capacitors 
were higher in value. The waveform of fig. 2A was 
taken at point A (in fig. 1) with capacitor C3 con- 
nected and in good condition. The waveform in fig. 
2B, on the other hand, represents the waveform at 
the same point but with C3 disconneated. This exer- 

table 1. Steps to  follow when troubleshooting a power supply when no dc output is obtained. 
measurement across approximate value check for open circuit if no voltage at* 

1. T I  primary 
2. T1 secondary 
3. C3 

4. Across C4 

115 Vac 
high-voltage ac 
high-voltage dc 

high-voltage dc 

F1, F 1  holder; S1; ac power cord 
T I  primary; T I  secondary 
T1 center tap; center tap ground~ng; 
d~odes CR1 and CR2 
L 1 

'All checks are performed with an ohmmeter and with the ac power plug removed from the wall 
outlet. Wait a few seconds, then connect an alligator cliplead across the filter capacitors. Connect 
the negative or grounded end first, then attach the hot end. Leave the cliplead in place for 25 sec- 
onds, then remove it. The supply should be safe for both you and the ohmmeter. In the last two 
steps it may be necessary to remove the two diodes before making resistance measurements, 
as they can give erroneous readings. 

Always check the associated wiring and solder connections for each component1 Many bad solder 
connections are difficult to eyeball, so you may want to re-do each one if no other possible cause 
is found. 

are the fault of the power supply. There are several 
other sources for such spurious signals. 

One of these is a resistive short circuit in a vacuum 
tube. The heaters, and sometimes the cathode are 
powered directly from low-voltage ac and this volt- 
age will either appear on the grid or modulate the 
cathode-plate current directly in some cases. An- 
other case is low-frequency oscillation with a fre- 
quency that approximates that of the power line or 
its second harmonic. Also, in many types of equip- 
ment, the possibility of ground loops must be con- 
sidered as well as common-mode rejection problems 
or shielding defects as a source of hum. 

One differentiating technique is to examine the 
frequency of the hum. In all equipment that uses 
any form of fullwave rectification, the ripple frequen- 
cy in the power supply is 120 Hz (or twice the line 
frequency for those outside the United States and 
Canada). If the hum is nearer to the line frequency, 
then you can suspect one of the other causes and 
temporarily forget the power supply. 

These articles on power-supply servicing contain much 
useful advice for newcomer and old timer alike. Especially 
appropriate are the author's remarks on "dos and don'ts" 
in working with this type of circuit. Joe Carr's remarks are 
must reading for anyone thinking about working on power 
supplies, regardless of the voltages involved. Editor 

cise effectively simulates an open capacitor as might 
be found in actual equipment. Note the rather dra- 
matic increase in ripple amplitude. 

component substitution 
If you don't have an oscilloscope, then you'll have 

to trouble shoot using the component substitution 
technique. This technique consists of shunting a 
known good capacitor across each filter capacitor in 
its turn. It's important to a) use a filter capacitor with 
the same or higher ratings and b) scrupulously ob- 
serve polarity markings. 

An aluminum electrolytic capacitor might explode 
if power is applied in reverse of normal polarity. Even 
if the danger from shrapnel is reduced, the cleanup 
afterwards and the pure fright involved should be 
reason enough to take care! 

Capacitor bridging must be done with care, not 
only as mentioned above, but in the actual manner in 
which you perform the job. You may well be deal- 
ing with potentials that can be lethal, so some safety 
precautions are necessary. In this one respect I ad- 
vise you to ignore the professional servicer and listen 
to  some expert advice given to  beginners: 

1. Turn the equipment off. 

2. Using a screwdriver, or preferably an alligator clip- 
lead, ground the filter capacitor for a few seconds. 
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3. Check with a dc voltmeter to make sure all the can show a good reason for demanding good craft- 
charge has been drained off the capacitor. manship on repair jobs. Shunting a bad capacitor 

4. Using either alligator clipleads or 
connect the known good capacitor 
pect component. 

solder tacking, 
across the sus- 

If the substitute capacitor makes the symptoms 
disappear, then make the substitution permanent - 
first go through the capacitor discharge procedure 
given above. 

Many people, even (or perhaps especially) those 
professionally experienced in electronic servicing, 
are tempted to solder a new replacement directly 
across the open capacitor which was used originally. 
This approach to "repair" seems especially conven- 
ient if the bad capacitor is a multi-section chassis- 
mounted type, and an available replacement is of the 
tubular type . This is an example of popular, but ex- 
tremely poor practice. It's often the case that the old 
capacitor will short circuit, which will have a spec- 
tacularly bad effect on the future life expectancy of 
your equipment! This is one of those cases where we 

with a good one, then, is only a diagnostic method 
and is definitely NOT a repair technique! 

In cases where there's no dc output but the fuse is 
intact, or where the fuse blows, it's necessary to use 
a vom or vtvm. These instruments are so low in cost 
these days that you should make one or the other a 
part of your amateur-station equipment. For most 
amateur work the vom is preferred. Reasons: porta- 
bility, low cost, and it's not susceptible to rf fields. 

But let's get back to our next problem type: no 
dc output, but the fuse is intact. Table 1 shows the 
steps to follow in this type of job. Set your voltmeter 
to its highest ac scale and connect the probes across 
the primary of transformer T I .  Turn on the power 
and observe the voltage reading. If it's too far down 
the scale to be easily read, reduce the voltmeter 
range, posittion-by-position, until a good reading is 
obtained. If you get past the 150-Vac scale, however, 
and still have no reading, then give up. 

A good reading (105-125 Vac in the U.S.) indicates 
that you should go o n to the next step. If, on the 

fig. 2. Oscillograms showing the output waveforms ob- truly destructive surges do occur. Something over- 
tained from the supply in fig. 1. Picture A shows the supply loaded that power supply, and i t  bears at least an 
output waveform taken with capacitor C3 (fig. 1) con- 
nected. Picture B shows the pulsating waves obtained at 

attempt at diagnosis! 

CR1, CR2 junction (fig. 11, without the succeeding filter, C3, One of my first employers in electronics was fond 
LI. C4 connected. of saying that, "All electrical troubleshooting in- 
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volves the finding of an unwanted path for current, 
or locating a lost but required path for current," and 
that "The best tactic is to divide and conquer." Good 
advice 18 years ago and still good advice today. Such 
is the approach with the case of the blowing fuse. 

We want to find an unwanted path for current (a 
short circuit) and must follow either lor both) of two 
schools of thought on how to divide and conquer. 

One school maintains that the best method is to 
obtain a good supply of new fuses and keep replac- 
ing them as they blow. In the meantime, between 
fuse changes, you disconnect first one component 
then another until one is disconnected that causes 
the fuses to stop blowing. This technique has a cer- 
tain validity, but can be expensive, especially if there 
are a large number of options. A better idea is to 
mount a television receiver-type ac circuit breaker 
in a plastic box (well insulated). Solder one end of 
two alligator clipleads to the breaker. The alligator- 
clip ends are then used to shunt the blown fuse. 
This can be a little dangerous if not done correctly, 
so if you have any doubts, then use up a couple of 
boxes of fuses. 

The other school of thought is to use an ohmmeter 
to locate the short circuit to ground. This is the meth- 
od of choice if there is some way of knowing the ex- 
pected resistance to ground at various critical points. 
This type of information is often given in amateur 
equipment service manuals, but in many cases you 
will have to guess. This technique is the more ele- 
gant of the two, provided it works, because one 
must always be aware that operation of an over- 
loaded circuit, even if the fuse is expected to go up 
in smoke, can further damage the equipment. Under 
NO circumstances may you use a higher-value fuse! 

The actual procedure in "divide-and-conquer" 
servicing of a power supply circuit depends some- 
what upon the type of equipment being serviced. In 
audio circuits you may have a shorted output tube or 
transistor, shorted output transformer, and so forth. 
In a transmitter, on the other hand, a final amplifier 
operated without protective bias may well blow a 
fuse if the excitation fails. If an ohmmeter check fails 
.to reveal a short circuit in such a case, then suspect 
a loss of drive, or a sagging filament, as the cause. 
The latter problem may occur after a few moments 
normal operation and i t  is most frequently seen in 
transmitters where the final-amplifier tubes are 
mounted horizontally. 

If a short circuit does show up on the ohmmeter, 
however, it can be conquered by first disconnecting 
the rectifiers (the most frequent single cause of 
trouble), and then the load, followed by the filter 
capacitors. Don't overlook the possibility of a carbon 

path from an arc or dirt to ground, which could cause 
the trouble. 

power-supply dos and don'ts 
1. If at all possible, use an isolation transformer to 
power all instruments and equipment being used or 
serviced. 

2.  Always use well-insulated alligator clipleads and 
meter probes. If they are in disrepair then repair them 
before use. 

3. Always unplug the power cord when connecting 
or disconnecting clipleads or when soldering tacking. 

4. Work on a bench with a master power shut-off 
switch and, if possible, a ground-fault interrupter. 

5. Use the "buddy-system" and inform the buddy 
where the master shut-off is located and how it's 
.operated. Similarly, inform all members of your fam- 
ily of the master-switch location and under what 
circumstances it is to be operated. 

6. If your equipment and instruments don't have 
three-wire power cords, install them. In this type of 
power cord a third wire (usually green in color) is 
grounded to the equipment chassis. 

7.  NEVER work outside or in an area with a concrete 
or dirt floor* unless the equipment is designed for 
that purpose by reason of double-insulation or three- 
wire power line grounding of the equipment case. 
Many people have been killed by indoor appliances 
taken out of doors. 

8. Now for a seeming paradox: NEVER defeat or 
trust interlocks. 

9. Never service acldc equipment unless operated 
from an isolation transformer. Similarly, never use 
acldc equipment outdoors. 

10. Always do quality work, use quality components, 
and never button up a piece of .equipment cabinet 
with a temporary or unorthodox repair inside. A 
Murphy's Law corrollary states that, "Temporary 
repairs become permanent if there are more than two 
screws holding the cabinet together." 

11. Switch to safety, think safe, work safe, be safe, 
and live. 

'The editor of this article, WGNIF, after 40 years as an amateur, 
was careless recently when testin- 4600-Vdc power supply. He 
was working in a garage with a concrete floor and the + 4500-volt 
lead accidentally fell onto the concrete. W6NIF was lucky - he 
survived. 

ham radio 
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CHOOSE 
TOP NOTCH RIG PERFORMANCE 

FROM THIS SHOWCASE 
OF SWAN METERS. 

. 
Swan precision meters are designed 
and built to help you make sure you'ro 
putting out all the watts your rig 
can deliver. 

And swan meters are priced 
so low thevll probably pay for 
themselves in improved rig per- 
formance and signal power. 

I 

nd man 
needs accurate output measurements, too. Now our WM6200 gives them 
t o  him with r' 7% accuracy output power a t  50 t o  150 MHz. Two scales t o  
200 watts. Reads SWR on expanded range scale. 

Wattmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .$59.95 

--easure bower comino 
KI going. Measure SWR 
i d  get maximum power 
your antenna. Then get 

your antenna pattern right 
by measuring relative 
radiated power. A one-two 
power punch at  a knockout 
price. FS-2 SWR and Field 
Strength Meter . . . . $15.95 

Mighty mite SWR meter with high SWR bridge bridges the price barrier. 
accuracv, SWR-3 Indicates 1:l t o  This little jewel glves you relative forward 
3:l SWR at  50 ohms on frequencies power and SWR on two  100 microampere meten. 
from 1.7 t o  55 MHz. Precision PC at  a remarkably low price. Rear mounted coax 
board directional coupler makes it connectors for easy, neat installation. Capable of 
a solid value at  a rock-bottom price. handling 1000-watt signals on frequencies from 
SWR-3 Pocket SWR Meter . . . $12.95 3.5 t o  150 MHz. With low insertion loss, it's great 

for mobile operations, too. SWR-IA Relative 
Power Meter and SWR Bridge. . . . . . $2 



AN-thelaw-allows in-line wattmeter. 
With three scales to  2000 Watts, new fla 
frequency-response directional coupler 1 
maximum accuracy and a price 
anybody can afford, this meter has 
become an amateur radio standard. 
3.5 to  30 MHz with expanded range 
SWR scale. 
WM2000 In-Llne Wattmeter. . S59.95 

 his wattmeter tells the truth about SSB. True peaK envelope 
power of your voice modulated signal is what you Want to  know 
most about your SSB transmission, and that's where our 
WM3000 shines. Flat response forward or reflected power from 
3.5 to 30 MHz on scales to  2000 watts in RMS or PEAK at the flip 
of a switch. WM3000 Peak/RMS Wattmeter . . . . . . . . . . . .S79.95 

Sniffs OUI raaiated power wherever 
it is. This little unit is so COn'IpaCt it 
could measure relative radiated 
power in your pocket. Telescoping 
antenna and a frequency range of 
1.5 MHz all the way to  200 MHz. 
FS-I Field Strength Meter. . . . .SIO.~S 

~ouble-duty in-line wattmeter. 
use this meter for output power 
measurement and troubleshooting, 
too. Better than 10% full scale 
accuracy from 2 to  30 MHz, and 
you can go to  50 MHz with onlv 
slightly reduced accuracy. Four 

Put your frequency up in lights. Perfect tuning and matching don't mean a thing if you're not on frequency. 
This counter tells the story on big, bright 5-digit LED -t I KHz between 5 KHz and 
40 MHz. Signal levels to 50 millivolts so you can use a quenw Counter . . . . . S169.L- 

display. RI 
s a test rr 

eads to  2 

leter, too. 
100 HZ or 
FC-76 Fre 



I remote checking of 
repeater shack temperature - 

By Fred Johnson, ZL2AMJ, 15 Field 
Street, Upper Hutt, New Zealand 

Celsius). Our thermostat has been changed several 
times as the knowledge of the situation improved. 
The site is rarely visited so the setting we decide up- 
on is permanent for long periods. I t  is a simple matter 
to measure the tail length and conclude the present 
temperature zone. No equipment except a watch is 
required at measuring stations. 

The schematic (fig. 1) shows the control circuitry 
between the receiver mute and the keyed transmitter 
high-voltage line. 0 1  and 02 are connected as a dar- 
lington pair to minimize loading on the CA3089E 
mute circuitry. 03  and 0 4  are a Schmitt trigger pro- 
ducing a delay time before the transmitter drops out. 
0 5  is the series transistor which turns the transmitter 
on and off. The tail length is set by the values of C1, 
R1, R2 and the input characteristics of 03. With the 
addition of C2, (by the thermostat) two very distinct 
tail length conditions are generated. 

Our repeater site is situated in a hut at 2823 feet 
(860m) on top of a mountain. The site is sometimes 
snow covered in winter, and user stations have often 
discussed the likely temperature at the site. It was 
finally decided that a very simple addition to the 
repeater would enable users to know if the tempera- 
ture was above a preset level. It would then be possi- 
ble to track the temperature through the day to learn 
the time when the temperature passes across that 
level in the morning, and when it passes back across 
that level in the late afternoon. Variations in the daily 
times of change enable estimates of the temperature 
maxima and minima to be made. 

The modification to the repeater is simple. A room 
thermostat and a capacitor have been added to the 

"KEYED" HT 
TO REPEATER 
TRANSMITTER 
DRIVER STAGE 

LENGTH 

ADDED 
COMPONENTS 

CONTACTS 

fig. 1. Schematic diagram of the additions to squelch-tail circuitry that will permit changing the tail length. When the 
temperature has exceeded some level set on the thermostat, the additional capacitor will increase the length of the squelch tail. 

repeater, increasing the length of the squelch tail Although it is unlikely that your repeater will use 
when the thermostat contacts are closed. After the the same control circuitry as described here, you will 
temperature drops below the thermostat setting the probably find some similar points where the addition 
tail goes to its longer length condition. In our case, of an appropriate capacitor and thermostat will cause 
the tail lengthens by 2 seconds when the tempera- an increase in the repeater tail length. 
ture goes below 40 degrees Fahrenheit (4 degrees ham radio 
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Thanks, TRITON IV owners. Your unsolicited Greatest rig I ever had.. . a ham since 1922. WLFKF 
comments say it better than  we could. -HOW pleased 1 am with the nobe blanker. KOCBA 

Thb is my second TRITON W. They are excellent. K4EME -The CW operation is the greatest. W7KD 

I think you haw acooped thefield. W ~ N X U  It's so easy and a pleasure to operate. WlBV 

Luv it. Dynamite: W A ~ ~ C K  Seems to haw everything desired. K4KXB 

-Most veraatile SSB/CW radio I have used. WB2WZG Your~uarantee is refreshingly Proper. WlFYM 
I like CW and full break-in. Beautiful. WAOAYA -Best rig on the marketfor around $800. WN8TTO 

Beautlfvl radio to use. Magnificent CWplter. 

Rig is just great.. . a super transceiver. 

New features very welcome. 

-Very nice. Good audio quaNty. 

Excellent rig. Goodfilters. 

Power-signal reports good. 

I like the compactness and appearance. 

Excellent rig with superior receive quality. 

-Thb TRITON is a beautiful new experience. 

Easy to set up- works great. 

-Meets and exceeds advertised claims. 

Very sophisticated. Eamiest tuning rig ever. 

WNOSED 

WA3VEZ 

W3GTX 

WA3GJA 

K8CJQ 

W2CET 

WBLUEH 

VE3IBK 

WA4LOG 

KC7IHW 

WPEMX 

WN5SOH 

And if we published all the comments. eventually they 
probably would cover all the other fine features of the 
TRITON IV: Instant Band Change (no xmtr. tune-up) 

Covers 3.5 to 30 MHz (plus One-Sixty with option) 200 
Watts Input - all bands Receiver Sensitivity 0.3 uV 

VFO changes less than 15 Hz per F" after 30 min. 
warm-up 8-pole Crystal IF Filter Direct Readouts - 
choose LED digital model or 1 kHz dial model 150 Hz CW 
filter Offset Tuning WWV at 10 & 15 MHz Separate 
Receive Capability Automatic Sideband Selection. Re- 
versible . Sidetone Level and Pitch control . Pre-Setable 
ALC 100% Duty Cycle S Meter and SWR Bridge LED 
indicators for ALC and OFFSET Modular Plug-In Circuit 
Boards Broad Accessory Line 

Puts out 100 watts as good as 300 watt rigs. W4LZP 

The most outstanding rig 1 have ever used. W5ZBC TO add  your name t o  the  growing list of TRITON 
-Pleased with the cladty of the receiver. V E ~ C Y K  owners, see your TEN-TEC dealer o r  write for 
Compact. light weight. good engineering. W4CDA full details. 

A real nice rig.. . have owned about every make. WA8ACZ 

Makes running SSB nets a real breeze. W8SOP tomnrron~'s technolo~v rodav 

Far out-distances any competitive product. W4MDB TEN-TEC ,INC. 
-A ham for 45 years.. . solid-state perfection. W6EYR 1r.7r S E v I E R v I L L E .  T E N N E S S E E  I ,  3 i 8 6 2  / 

-A FB piece of equipment made in the USA. W9JCV 

&4kL 
DIGIT 

ALC 
BLANKEl l  
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Specialize 
IN IRON POWDER AND FERRITE MATERIALS 

,SHIELDED COIL FORMS SHIELDING BEADS 
FERRITE RODS TOROIDAL CORES 

Balun Kits FREE TECH-D A TA FLYER Irrgs stock 
ON FERROMAGNETIC MATERIALS 

FAST, DEPENDABLE SERVICE SINCE 1963 
12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 

ST- 600 

- 
THE MOST IMPORTANT 

The SF5000 from HAL FEATURE OF 
YOUR ANTENNA 
IS PUlTlNG 

The HAL ST-5000 sets  the pace for an  economical IT UP WHERE 

demodulator/keyer for radio-teletype (RTTY). All the fea- IT  CAN DO 

tures you need for reception and transmission of HF and WHAT YOU EXPECT. 

VHF RTTY are  here. RELIABLE DX - 
The demodulator features a hard-limiting front end, SIGNALS EARLIEST I N  

active filter discriminator, and active detector circuitry for AND LAST OUT. 

wide dynamic range. Autostart and motor control circuitry 
make for easy VHF and HF autostart operation. ALUMINUM 

Convenient front panel switches are  provided for 850 Complete Telescoping 
and 170 Hz shift, normal o r  reverse sense, autostart on/off, and Fold-Over 
print - line o r  local, and power on/off. 425 Hz press 
transmissions may also be copied with the ST-5000. High Series available 

voltage 60 ma. loop output a s  well a s  low level RS-232 
compatible output are  provided by the demodulator. 

The audio keyer section of the ST-5000 generates 
stable, phasecoherent audio tones. Transmission is a 
simple matter of applying these tones t o  your HF SSB or  All towers mounted 

VHF FM transmitter. 
The ST-5000 is housed in a n  attractive blue and beige And now, wtth motortzed options. you 

cabinet and is backed by the HAL Communications one can crank tt up or down, or fold tt 

year warranty. 
For complete specs on the HAL ST-5000, write o r  call Wrtte for 12 page brochure giving doz- 

HAL today. ens of combtnattons of height, we~ght 
$275.00 and wand load 

m ALSO TOWERS FOR WINDMILLS 

MANUFACTURING CO. 
In Alrnont He~ghts lndustr~al Park 

HAL Communications Corp., Box 365,807 E. Green St. Alrnont, Mtchigan 48003 

Urbana, Illinois 61801 Telephone (217) 367-7373 
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nothing - There's I 
like it 

Who10 A M I U R l l b o o k  

Respected worldwide as 
the only complete authority 
for radio amateur 
QSL and QTH information. 

The U. S. Callbook has nearly 
300,000 W & K listings. It lists 
calls, license classes, names 
and addresses plus the many 
valuable back-up charts and 
references you come to expect 
from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Callbook 
with almost 235,000 calls, 
names and addresses of ama- 
teurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite elec- 
tronics dealer or direct from the 
publisher. All direct orders add 
$1.25 for shipping. Illinois residents 
add 5% Sales Tax. 

MOIO AMATEM 1 1  b I< 
00 INC 

Dept. E 925 Sherwood Driw 
Lake Bluff, 111 60044 

C 

At first glance, both these cars look like they have standard 
factory antennas. Even at second glance. 

But the one on the left has a ham rig inside. You 
can't tell because on the outside it has an ASPR 748 gain 
disguise antenna. So the rip-off artists just pass it by. 

A/S has an entire line of highefficiency disguise 
antennas for GM, Chrysler and Ford automobiles. The 
HM85 Cowl Mount Whip Svstem, for instance, will mount 
on an auto cowl, fender dr d&k in a single 
718" to 15/16" hole. e9 

For years law enforcement agencies 
have used A/S disguise antennas to keep 
their cover. They'll help you keep yours, too. 
We'll bet our A/S on it. 

-2 
> 

I the antenna specialists co. 
12435 Euclld Avenue. Cleveland. Ohlo 44106. a member of The Allen Omup. InC. 
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Six Great Products from 
INFO-TECH'S Advanced Technology 

RTTY to Video Converter 

4 speeds (60, 66, 75, 100 wpm) 

RTTY Keyboard 

32 character x 16line or 72 character x 16l1neVideo 
Connects directly to Recelver Audio and 

Automatic CR & LF at end of 64 or 72 character line Vtdeo Monttor 

Built-in low shift CW ID provision Price: 32 character Video,. ........... $324.95 
Price. ................................. $289.50 

TRI-MODE Converter 

F-8 Microprocessor based system Morse Converter 

F-8 Microprocessor based 
RTTY reception- 4 speeds manually selected Automatic speed & wordspace 
ASCII reception at 100 wpm (110 baud) Attaches directly to recetver audio and 
Requires T.U. for demodulation on RTTY & ASCII vldeo monitor 

Video display - 32 characters x 16 lines or Video display - 32 characters x 16 lines or 
72 characters x 16 lines 72 characters x 16 lines 

72 character Video, ................ $475 

Morse Keyboard 

Adjustable speed range, Terminal Unit 
6 to 60 wpm (h~gher on req 
Adjustable weight Three switch selectable shifts (170, 425, 850 hz) 

L.E.D. Tuning indicators 
Limiter & normal/reverse control 
Digital and loop output (loop supply not included) 

All prices F.O.B. St. Louis 
Converter sizes - 9" wide x 3lh" high x 13" deep 
Keyboard sizes - 12" wide x 3%" high x 11" deep 
6 month warranty on parts & workmanship on ail products 

I I N F 0 4TE C HI I HCORPORATED specializing in Digital Electronic systems 

I I 1 20 Worthington Drive St. Louis, Missouri 63043 Phone: (314) 576-5489 
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microcomputer interfacing: 
the 8080 
logical instructions 
Last month w e  discussed the concept of, and im- 
portant use for multi-bit logical instructions such 
as AND, OR, Exclusive-OR, and COMPLEMENT. This 
month we'll summarize twenty-eight logical instruc- 
tions in the 8080A instruction set. It is very important 
to note that in the case of each logical instruction, 
the result is stored in the accumulator. The previous 
contents of the accumulator are one of the logical 
variables in the two-variable logical operation, or in 
the case of the complement instruction, the only 
logical variable. 

The eight different logical AND instructions, each 
with the mnemonic ANA S, have the following 
general form: 

1 0  1 0 0  S S s 
Arithmetic AND 3-bit binary 
and logical operation code for 

class of source 
instructions register 

The three bits designated by sss correspond to the 
register or contents of a memory location that 
logically operate on the accumulator contents, 

3-bit 
register octal code register code 

B 0 000 
C 1 001 
D 2 010 
E 3 01 1 
H 4 100 

By David G. Larsen, WB4HYJ, Peter R. 
Rony, and Jonathan A. Titus 

Mr. Larsen, Department of Chemistry, and Dr. Rony, Depart- 
ment of Chemical Engineering, are with the Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia. Mr. Jonathan 
Titus is President of Tychon, Inc., Blacksburg, Virginia. 

The OR and Exclusive-OR instructions, which have 
the mnemonics ORA S and XRA S, respectively, 
have the same general form as the ANA S instruction 
byte. Thus, for the XRA S instruction the instruction 
byte is, 

1 0  1 0 1  S S S  

Arithmetic Exclusive-OR 3-bit binary 
and logical operation code for 

class of source 
instructions register 

and for the ORA S instruction, 

1 0  1 1 0  S s S 

Arithmetic OR 3-bit binary 
and logical operation code for 

class of source 
instructions register 

Some examples are: 

logical 
operation 

B*A-A 
M-A-A  
A-A-A 

C+A-A  
L + A - A  
A + A - A  

D + A - A  
E+A-A  

M + A - A  
A + A - A  

mnemonic 

ANA B 
ANA M 
ANA A 

XRA C 
XRA L 
XRA A 

ORA D 
ORA E 
ORA M 
ORA A 

octal 
instruction 

code 

240 
246 
247 

251 
255 
257 

262 
263 
266 
267 

Another logical instruction, the complement ac- 
cumulator instruction, has the mnemonic CMA A 
and the octal instruction byte 057. 

In preceding columns,l,2 we discussed the con- 

Reprinted with permission from American Laboratory, 
January, 1977, copyright @ International Scientific com- 
munications, Inc., Fairfield, Connecticut. 1976. 
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cept of an immediate instruction, a multi-byte in- 
struction that contains the desired data within the in- 
struction. The three immediate logical operations can 
be summarized in the following way: 

octal 
logical instruction 

operation mnemonic code 

In the two tables, the symbol - means "is replaced 
by". Thus, the notation B*A-A  means that we AND 
the variable B with the variable A, and then replace 
the original contents of A by the result of the logical 
operation. Within the 8080A microprocessor chip, 
the logical operation is performed in a temporary ac- 
cumulator, with the logical result in the temporary 
accumulator being copied into the accumulator 
register, A. 

In last month's column we demonstrated one use 
for logical instructions, the testing of flag or com- 
parator bits associated with the onloff  state of exter- 
nal devices. The AND multi-bit operation is particu- 
larly useful when it is desired to clear, filter, or mask 
specific bits in an input data byte. For example, con- 
sider the ASCll code for the numeric characters 0 
through 9: 

character 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

octal ASCll code 
260 
261 
262 
263 
264 
265 
266 
267 
270 
271 

binary ASCll code 
10 110 000 
10 110 001 
10 110 010 
10 110 011 
10 110 100 
10 110 101 
10 110 110 
10 110 111 
10 111 000 
10 111 001 

Once the ASCll code is in the microcomputer, the 
most significant four bits are of little use and can be 
stripped away from the data byte. A simple program 
that accomplishes such a task is: 

LO octal 
memory instruction 
address code mnemonic comments 

MX) 333 IN Input ASCII numbers 
from the following device 

001 015 015 Device015 
002 346 AN1 AND the accumulator 

contents with the following 
data byte 

003 017 017 Mask byte that masks the 
most significant four bits in 
the ASCll word 

The program accomplishes the following Boolean 
operation for ASCll 5: 

ASCII Mask BCD data of 
5 byte interest 

10110101 00001111 = 00000101 

This logical result of the AND operation is, 00000101. 
This form contains a single BCD digit per input data 
byte, with the BCD digit being the least significant 
four bits in the byte, 03-00. The remaining four bits, 
D7-D4, can be used to store another BCD digit pro- 
vided there's some means to position this second 
digit in these open bit positions. If the four bits of 
storage space are not taken advantage of, 50 per 
cent of the memory capacity will be washed. 

To pack two BCD digits into a single data byte, 
you must have the capability to rotate the contents 
of your accumulator. As an example, the rotate left 
instruction, which has the mnemonic RLC, the octal 
instruction byte 007, and can be described as 
follows: "The content of the accumulator is rotated 
left one position. The low order bit and the carry flag 
are both set to the value shifted out of the high order 
bit position".3 The four rotate instructions in the 
8080 instruction set have been previously discussed.4 
The accumulator is the only register that can be 
rotated in an 8080A chip. Other registers are rotated 
simply by moving them to the accumulator register, 
performing the necessary rotation operations and 
then returning the rotated byte back to the original 
register. Besides shifting BCD digits back and forth 
in data bytes, important uses for the rotate instruc- 
tions will appear when discussing decision-making 
operations. 

A simple program that can be used to pack two 
BCD digits into a single data byte is listed below. 

LO memory 
address 

000 

001 
002 

003 
OW 
005 
006 
007 
010 
01 1 

octal 
instruction 

code 

333 

01 5 
346 

017 
007 
007 
007 
007 
107 
333 

mnemonic 

IN 

01 5 
AN1 

01 7 
R LC 
R LC 
R LC 
RLC 
MOV B,A 
IN 

comments 

Input ASCII 5from the 
following device 
Device 015 
Mask off the four most 
significant bits 
Mask byte 
Rotate the BCD digit 
into the four most 
significant bits that have 
just been cleared 
Store this result in register B 
Input next ASCll character, ir 
this case ASCll 7, from the 
following device 
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012 015 015 Device 01 5 
013 346 AN1 Mask off the four most 

significant bits 
014 017 017 Mask byte 
01 5 260 ORA B OR contents of register B with 

contents of accumulator 
01 6 167 MOV M,A Store packed data into 

memory, the location being 
specified by the contents of the 
H, L register pair 

The result of this sequence of steps is the data byte, 
., 010101 11, stored in memory. The four most signifi- 

cant bits are BCD 5, and the four least significant bits 
are BCD 7. Observe the use of the ORA B instruc- 
tion, which permitted the combination of two data 
bytes into one, without changing either. Special 
8080 microcomputer programs, called simulators, are 
available that permit you to follow the execution 
of an 8080 program step by step by observing the 
changes in the contents of the internal registers." If 
applied to the above program, you would observe 
the following, after the execution of the indicated 
instruction bytes: 

'One such program, called DEBUG, has been developed by 
Tychon, Inc., in Blacksburg, Virginia; it requires the use of a 
teleprinter or CRT. 

executed inetruction 
bytes accumulator register B 
IN 015 10110101 - - - 

AN1 017 OOOOOlOl - - - 
RLC, RLC, RLC, RLC 0101OOOO - - -  

MOV B,A 0101OOOO 01010000 
IN 015 10110111 01010MW3 

AN1 107 000001 11 0101OOOO 
ORA B 01010111 0101OOOO 

This completes our discussion of the more important 
logical instructions in the 8080A instruction set. Ad- 
ditional examples will be used in the following 
columns, where they will be incorporated into data- 
manipulation and decision-making tasks. 

references 
1. Jonathan A. Titus, David G. Larsen, and Peter R. Rony, 

"Microcomputer Interfacing: The MOV and MV1 8080 instruc- 
tions," ham radio, March, 1977, page 74. 
2. David G. Larsen, Peter R. Rony, and Jonathan A. Titus, 
"Microcomputer Interfacing: Register pair instructions," 
ham radio, June, 1977, page 76. 
3. lntel Corporation, lntel i3Xl Microcomputer Systems User's 
Manual, lntel Corporation, Santa Clara, California , 1975. 
4. Paul E. Field, David G. Larsen, Peter R. Rony, and Jonathan 
A. Titus, "Microcomputer Interfacing: A Software UART," ham 
radio, November, 1976, page 60. 

ham radio 



I New device opens up the world of Very Low Frequency radio. I 

I Gives reception of the 1750 lneter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

I Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, and 
the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur 
band where they can be tuned in on an ordinary shortwave 
receiver. 

The converter is simple to use and has no tuning adjustments. 
Tuning of VLF signals is done entirely by the receiver which 
picks up 10 KHz signals at 3510 KHz, 100 KHz signals at 3600 
KHz, 500 KHz signals at 4000 KHz. 

I The VLF converter has crystal control for accurate frequency 
conversion, a low noise rf  amplifier for high sensitivity, and a 
multipole filter to cut broadcast and 80 meter interference. I 

I All this performance is packed into a small 3" x ll/z" x 6" die 
cast aluminum case with UHF (SO-239) connectors. I 

I The unique Palomar Engineers circuit eliminates the complex 
bandswitching and tuning adjustments usually found in VLF 
converters. Free descriptive brochure sent on request. I 

I Order direct. VLF Converter $55.00 postpaid in U.S. and 
Canada. California residents add sales tax. I 

I Explore the interesting world of VLF. Order your converter 
today! Send check or money order to: I 

BI-SYN-FILTER-TONE-TAG 
See HR mqlorine orticle, on Nov '75 ond '76 

Model 1100 - 13 IC  op amp, 4 Ironridon, 10 diodes 
on 4 PC board.. 3 X 6 3/8 X 8 inches deep 

TONE-TAG provides y w  with on excellent method for 
fighting QRM -- ony CW signal tuned to produce a 
750 b50 Hz beatnote i r  modulated by a t m e  l h d  is 
derived and processed from the sign01 itsell. Signoh 
obave ond below the TONE-TAG bundwidth remain 
urmodulated, thm rsodobility isgreatly enhanced. 
At the IDm-3 time, the BINAURAL SYNTHESIZER chon- 
nels signals above and below the 750 Hz cross-over 
frequency to the right and l e k  spaciolly (stenoheod- 
sets or speakers ore used). Finally, to make a triple- 
header, a 4 pole, 150 Hz prc-filter with continuously 
odjurtobls skirts i r  i x l uded  

THREE TECHNIQUES ARE SELECTING FOR YOU1 

. . . AND NOW - 

Model 700 - 7 IC op amps, 6 diodes on 2 PC boards 
2 7/8 X 4 X 2 inches deep 

Connection to your nccivar'r  heodphonc or speaker jock 
(monaural) is a l l  t h d  is required lor sign01 input. Tens 
to hundreds of m i l l i ~ l l r  of audio signal is a l l  that is re- 

quired. Symmetrical limiting loker place on signals o b v r  
onominol I volt input. 

Model 1100 supplier outputs for rtereo spmken - 1/2 
Wott PEP per channel ond o jock at reduced power for 
sterm headsets. Models 400 ond 700 pmvidc outputs 
tho1 con drive stmdord rtereo headsets directly - 
or odd m p l i f i e n  to drive ~peoken.  

PHONE MEN - the stereo system ond voriable skirt con- 
tml  work well  on voice. To b r m w  a phrase: I t  hm  
pmsencel 

Model 400 - The origin01 Binovrol Synhnizer 
mcr 2 each 9 volt batterin $29.95 ppd 

Model 700 - Binwrol Synthesizer with TONE-TAG 
me, 2 each 9 volt bat le t in  144.00 ppd 

Model 1100 - Binaural Synthrizer-Filter with TONE- 
TAG user 8 econaico l  "D" calls - 

Less bottcrics 186.00 ppd 

An s c o n a y  AC q t i o n  that uses o wall tranrformer plur 
o voltqle regvlot>r intern01 to the Model i r  wai lable 
for any o f  the models listed - odd 510.00 

We still supply PC Boards plmin or olscmbled. Write 
for brochrn and list 

Colifornio residents odd state tax 

Guarantee? Our sel l  nteem demands your roti%foction 
- The very best 

HILDRETH ENGINEERING 
BOX 60003 Sunnyvale CA 

94088 (408) 245 3279 
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Always outstanding. . . now even better! 

RF AMPLIFIERS 
for 50,144,220,432 MHz amateur bands 

All models meet EC.C. 20777 soecs. New amplifiers also have thermal 

All models have built-in 
low pass filters. 

overheat protection with LED 
warning indicator on panel. 

Coverage is unimpaired. All models 
New amplifiers have reverse 

still cover an entire amateur 
polarity protection. 

band without tuninq. New amplifiers feature automatic - 
RF sensing or hard keying from 

Now available. Entirely new amplifiers the driver, can also be 
(shown above) in a 3O0I0 more efficient remotely controlled. 
heat sink housing featuring full length 
radiating fins, top and both sides. Power outputs to 160 watts. 
Cooler operation at all inputs. . . Amplifiers are simply installed 
improved safety factor. on an "add-on" basis. 

At your favorite dealer. Write for information. 

K L M e l e c t r a n i c s ,  inc. 
17025 Laurel Road, Morgan Hill. CA 95037 (408) 779-7363 

FREP YODEL PWR.INI! NOMPWR. ~ )Y .CUR.  MOM. 1 ma.  -L PWR.IWI! MPWR. MOY.CUR. m*l. 
MHZ NUMBER (Walls) OUTPVT(valla) (amps WLTS SIZE : MHZ NUMBER (walls) O U l P U l l ~ r ( s )  (amps) VOLTS S E E  

SIZES: Inchel: " A : 6 5 x 2 x 2  " B ' : 6 5 x 5 x 2  " C 6 5 r 7 x 2  " Q 6 5 x l O x 2  
MM 1 6 5 x 5 0 8 ~ 5 0 8  165x127~508  1 6 5 x l 7 8 r 5 0 8  t85x254r508 MOTE: NEW STYLE DIMFNSIONS WILL RE 7 0-7 375 ~ n c l w s  (178x60  3mml ~nsread 

LINEAR AMPLIFIER ol 6 5 x 2 0 tncher 1165 - 50 Bmm) 
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tebook 
, , 

water-cooled 2C39 
Why water cool a 2C39 tube? The 

answer is to prolong its life. This is 
written with the intent of using 2C39s 
in a Motorola T44 converted for An/. 
T44s were not made for long periods 
of transmitting, as in TV but with use, 
watercooling the 2C39 tubes never 
even get warm. Also, with water- 
cooled tubes, 900 volts on the plate 
of the amplifier will give you a healthy 
output and yet the tube will not be 
working hard. The 6146 or 2E26 tubes 
(whichever model you have) should 
have some air because the box they 
are in will get very hot without it. - 

1 have put quite a few of these 
tubes together and the best method I 
have found is to use a water tank 518 
or 1 inch (16 or 25mm) long and 1-1 18 
inch (28.6mm) in diameter. I use a 
piece of 1-118 inch (28.6mm) O.D. 
copper tubing cut to the length I 
want. Then I cut a piece of copper 
flashing (any thin piece of copper 
sheet can be used) to cover one end 
of the tubing. The short tank is for 
the later model T44 which uses a 
vane for tuning, while the larger tank 
is for the early T44 using a plunger on 
top of the tube for tuning. Note: the 
vane type must have the inlet and 
outlet on top and the plunger type 
has the inlet and outlet on the side. 

For the inlet and outlet, 1 use a 
short piece of 3116 inch (4.75mm) 
tubing about 114-inch to 318-inch 
(6.35 to 9.5mm) long, just long 
enough to put a plastic hose on. 
The brass tubing can be found in 

most  hobby shops tha t  carry 
model airplanes and supplies. The 
plastic tubing is the same as used 
for tropical fish tanks. After the 
inlet and outlet tubes have been 
soldered in place, the next step is 
to take the heat sink off the 2C39. 
There are two types of heat sink. 
One has an Allen screw while the 
other has a right hand thread. On 
the type with the thread, I hold 
the heat sink in a vise and hold 
the plate of the tube with a pair of 
pliers (not too tight) and gently 
turn it off. With the heat sink off, 
all that remains to finish the job is 
to  solder the tank to  the plate 

Three 2C39 tubes include an unmodified 
tube fright) with original finned heat sink 
in place. Tube on left is from early T44 
(plunger tuning) and tube in center shows 
"dry run" or first try at modification. Note 
slightly different placement of water inlet 
and outlet tubes. 

connection of the tube. I use a 
250-watt electric solder bolt and 
soft solder, being very careful not 
to get the tube too hot. After a lit- 
tle soldering, I put it under run- 
ning water to cool, then I solder 
some more and let the tube cool 
until the job is done. Don't solder 

for "looks." Solder for a tight job 
without too much heat on the 
tube. I do  no t  use ac id  core 
solder, just regular rosin core 
solder. 

Now don't get carried away as I 
did. I had the T44 tuned, so I made 
both tubes, put them in and filled 
them with water. I was so far out 
o f  tune by  making al l  of  the  
changes that, no matter what I 
tried, I couldn't get any output; so 
it was back to the drawing board 
for me. 

The way that seems to work the 
best here is to peak the unit up at 
the frequency I plan to use, then 
take output readings in two posi- 
tions, write them down and use 
them for reference. I use the 
original power supply for this. 
Then I pull out the 2C39 tripler, 
modify it, reinstall i t  and retune 
the input and output stages to get 
the same or better output. On the 
later T44, it may take a little ad- 
justing of the 22 and 24 shorting 
bars, but keep in mind not to let 
the tube get too hot. At this point 
in the procedure there is still no 
water in the tube. When the out- 
put is again satisfactory treat the 
2C39 amplifier the same, but keep 
in mind not to test a long time as 
you wil l  ruin the tubes. I also 
mounted one tank a little off- 
center, pu t t i ng  it somewhat 
closer to one side of the cavity. 
The result was that I increased 
the output from 10 watts to 15 
watts. This does differ from the 
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Water-cooled 2C39 i n  p lace T44 f inal  
amplifier compartment. Plastic tubing for 
admitting and carrying away coolant not 
yet  a t tached t o  short pieces of brass 
tubing on water jacket. 

tube-to-tube, so you may not get 
exactly the same readings. 

Now the tubes are ready for the 
water but, again, take the tripler 
first and retune it, as the water 
wi l l  make a b ig difference (use 
only disti l led water).  After the 
tripler stage is in  tune, run the 
water through both the tubes and 
retune every stage from the 6146 
(or 2E26) through the final. Once 
the tubes are filled with water and 
the circuits tuned, you should 
have no more detuning troubles. 

I use a "Little Giant" lawn orna- 
ment pump in a plastic three- 
gallon container. Half an hour of 
continuous running doesn't even 
begin to warm the water. We now 
run our amplifier with 900 volts on 
the plates. Air cooling the 6146 (or 
2E26) is a very b ig help, and 
removing the cover also helps 
without causing any output loss. 

M y  thanks to  K9CZI for the 
photo work. 

Daniel J. Smies, WASRPB 

inter-band calibration 
stability for the Collins 
R-388 (51-J) 

The Collins R-388 is a marvelously 
accurate piece of gear. It is possible 
to read frequency to an accuracy of 
about 400 Hz between 0.5 and 30.5 
MHz. The heart of the receiver is a 
very linear and very stable permeabili- 
ty tuned oscillator. If you follow the 

technical manual for calibrating band- 
by-band - and there are thirty of 
them - you can maintain this ac- 
curacy. There can develop, however, 
a small problem connected w i th  
calibrating the receiver. This problem 
does not affect accuracy if proper 
procedure is followed each time the 
band is changed, but it slows calibra- 
tion process and detracts from the 
receiver's tidiness of operation. 

Calibration of an even band holds 
very well for all the even bands, but is 
off by a few kHz on each of the odd 
bands. For example, as you go from 
band-to-band you hear almost 
perfect zero-beating on even bands 
and tones of approximately the same 
pitch, e.g., 2 kHz on alternate bands. 
If you don't use the bfo to read 
precise frequency, there is no pro- 
blem for you can read frequency 
quite closely just by using the MHz 
and kHz dials and tuning by ear. Ex- 
cept for the vfo, all the tuned circuits 
in the receiver are in the same posi- 
tion before and after you follow the 
procedure to make odd and even 
bands calibrate ( index) at the 
same point. 

There are four frequency-deter- 
mining elements in the calibration cir- 
cuits: The calibration crystal, the 
crystals associated with the first mix- 
er (selected one at a time by the 
band-selector switch), the vfo, and 
the bfo. I checked each of these to 
see if any pulling occurred when I 
rotated the band selector switch band 
to band. There was none. I therefore 
ruled out circuit design as a cause of 
the calibration differences between 
odd and even bands. 

Instead, I found the problem to be 
a matter of adjustment not covered in 
the manual. The problem was located 
in the relationship between the vfo 
and the bfo, the only adjustable 
frequency-determining elements. 

On even bands, the oscillator 
crystal frequency is subtracted from 
the vfo frequency; and on odd bands, 
the vfo frequency is subtracted from 
the oscillator crystal frequency. 
Therein lies both the problem and its 

solution. Below is a chart which 
shows what happens, for example, 
on band 7 (6.5 to 7.5 MHz) and band 
8 (7.5 to 8.5 MHz). 

Calibration on Band 8 

10 MHz (output from local crystal oscillator) 
- 8  MHz (harmonic of 100 kHz calibration 

crystal) 
- 

2 MHz 
Therefore, the vfo mid-scale frequency should 
be 2.5 MHz in order to prpduce the 0.5 MHz 
final i-f, but let's assume that it is acrually 2.49 
MHz. Then 

2.49 MHz (vfo frequency) 
-2.00 MHz (difference frequency: oscillator 

crystal frequency minus calibra- 
tion crystal frequency 

0.49 MHz to final i-f 
-0.49 MHz (bfo frequency to produce zero 

beat and indexing at 8.00 MHz). 
Now, without touching either bfo or vfo, 

change to band 7 and note: 

Calibration on Band 7 
10 MHz (output from local crystal oscillator) 
-7  MHz (harmonic of 100 kHz calibration 

oscillator) - 
3 MHz 

Subtracting vfo frequency 

3.00 MHz (difference frequency: local 
crystal frequency minus calibra- 
tion crystal frequency) 

-2.49 MHz (vfo frequency) 
0.51 MHz (to final i-f) 
0.49 MHz (bfo frequency unchanged from 

band 8)  - 
0.02 MHz (beat frequency audible on 

band 71 

A very simple solution exists. Place 
a pickup loop near the calibration 
oscillator tube and connect i t  to  
another receiver capable of tuning 
the frequency range between 2-3 
MHz. A small multiband radio can be 
used with good results. Tune for a 
harmonic of the calibration crystal. 
Switch on the bfo and listen for a 
beat note. Rock the bfo knob slightly, 
and make sure you are hearing the 
bfo, not some spurious signal. Line 
up the bfo knob index with the index- 
ing mark on the cabinet. Adjust the 
bfo coil for zero beat. This will set the 
bfo to 0.5 MHz and cure the difficulty. 

George Hirshfield, W50ZF 
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TS1 MICROMINIATURE ENCODER-DECODER 
Available in all EIA standard tones 67.OHz-2035Hz 
Microminiature in size, 125x2.0x.65 high 
Hi-pass tone rejection filter on board 
Powered by 6-16vdc unregulated, at 3-9ma. 
Decode sensitivity better than IOmvRMS, bar K., limited 
Low distortion adiustable sinewave ol*tnl~+ 

1 Frequency accuracy, 325Hz. frequc 
stability k.1 Hz 

I Encodes continuously and simultanec 
during decode, independent of miki 
hang-up 

I Totally immune to RF 

Vired and tested, complete w 
G1 elemer 
k59.95 

ig elemer 
3ch 

I-1 field replaceable, plug-ln, mquenc) 
leterrninir 

i3.00 ei 

BOX 153 
IFORNIP 
998302 

- 
Repeater Jammers Running You Ragged? 

Here's a portable direction finder 
that REALLY works-on AM, 
FM, pulsed signals and random 
noise! Unique left-right DF 
allows you to take accurate (up 
to 2")and fast bearings, even on 
short bursts. Its 3dB antenna i 
gain and .06pV typical DF sen- 
sitivity allow this crystal- 
controlled unit to hear and posi- 
tively track a weak signal at very 
long ranges-while the built-in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit- 
ter. I t  has no 180" ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

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

Price for the single band unit is $1 35, for the VHFIUH F dual band unit is $169, plus 
crystals. Write or call for information and free brochure. 

L-TRONICS 
5546 Cathedral Oaks Road 

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

(805) 967-4859 
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I lo's OF THOUSANDS 
OF CRYSTALS 

IN STOCK! 
H25C CASE 

Immdmts dshwy on most Itsgvs&! 
OTHERS ARE SPECIAL ORDER 

I CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUSrnS 
01940 

More Details? CHECK-OFF Page 142 



L 

A Message from Art . . . 
About AGL 

A.L.L. Is a run),nrat~vely ncr company w ~ t h  an old fashion- 

ed phslo.ophy about qlvlnq our customers the best servlcc we 

ran drllver a t  the m a t  competltlve price. 

~veryone at A.G.L. LS a lrcensed ham operator wlth a lrronn 

electronics backqound, and although A . C . L .  rs new. we've probnb- 

Ly nct and talked rlth most of you at h nnf~sts far the psat many 

years. (we would rather not dlscusa h w  many). 

WE think n have accumulated one of the most complete Inven- 

torLes of clcrtronlrs in fhr southrest. we've comblnrd fhat.wlth 

our a n  akltl. and backqrounda and created a busrncss that we 

h o p  you rxll Irka d o ~ n q  busrncss with. 

ny the ray. I I  you llkr to -horse trade- on rqulpnnt. you 

are MTC than welcome. In fact. we encouraq. ~ t .  

stop in and ssc for yourself, you are qoins to like A.G.L .  

Art Houlholdcr, K9TRG 
YLCC Presxdent 

YUlmn-.LnmXR . Odrn.T..m 751Y . 114ll41b.16 

CALL US TODA Y TOLL FREE A T 7-800-=7-7478 
CALL 21 4-241 -641 4 (In Texas) 

LARRY WASWWH GORDON NSAU MIKE WMUOB MIKE WBSACM TOM K m M  BOB W5XC 

(AGL ilectronics) 
3068 FOREST LANE, SUITE 309 DALLAS, TEXAS 75234 - 

MoreDetails? CHECK-OFF Page 142 septernber 1977 97 



litr ment~ II 
Design" in the October, 1976, issue 
of ham radio. 

Under the heading "Gain and 
Stability Analysis," Paul states that 
"If K (Rollet's stability factor) is 
greater than 1, the amplifier will be 
stable under any combination of in- 
put and output impedances or phase 

microwave amplifier . . 
angles." This statement is incorrect, 
although it is understood how it is 

design easy to make such a sweeping state- 
Dear HR: ment from a reading of HP Applica- 

I feel compelled to correct what I tion Note AN-154 (Paul's reference 5) 
consider to be a serious error in Paul alone. 
Shuch's otherwise well written article This fundamental error could be 
on "Solid State Microwave Amplifier the reason why many amplifiers exist 

today which are only marginally 
stable, depending on antenna or load 
connections, despite their designer's 
belief that the amplifier is "uncondi- 
tionally stable." The crux of the mat- 
ter is that K greater than unity is a 
necessaw condition for unconditional 
system stability, but not a sufficient 
one. Stability analysis of uhf ampli- 
fiers is far from as simple as Paul 
suggests. 

First, it must be noted that the ex- 
pression for the device stability fac- 
tor, as I prefer to call it, is indepen- 
dent of either source or load im- 
pedance. To ensure a stable design, it 

CDNDlTlONALLl ST4BLE K ( I CONDITIONALLY STABLE K ) I UNCONDITIONALLY STABLE K > I 

fig. 1. Stability circle analysis contributed by VK3TK. 
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is necessary to know the frequency 
range over which the system is 
potentially stable and the load and 
source impedances which can be us- 
ed to give stable operation over this 
frequency range. This information re- 
quires that the device stability factor 
K be known over the frequency range 
of interest and the reflection coeffi- 
cients S I l  and S22 for the terminated 
network (these are not the device s- 
parameters).' 

The boundary between these two 
regions can be defined by solving the 
relationship 

I ~ l l l  = I .  
Using 

it can be shown, with some algebraic 
difficulty, that the stable and unstable 
regions of operation are defined by a 
circle in the rL  plane (unit circle) 
where: 

stable regions to lie outside the unit 
circles in the rs and the F L  planes. 
This is satisfied if 

ldsl -1rsl > 1  

IdLI - I ~ L I  > 1  

I ~ l r l  < 1  Is221 > 1 -  

The establishment of the possible 
regions of unstable operation inside 
the unit circle is a necessary prelude 
to  the application of any design 
technique. Without knowing the con- 
straints imposed on the system by 
stability requirements, it is pointless 
to proceed to determine the source 
and load reflection coefficients to 

center d c 2  *-- meet some particular gain specifi- s 1 2  . s 2 1  rS - s 2 2  - A r S  
S 2 2  = s 2 2  + 

- = 1 ~ ~ ~ 1 2  - lA12 cation. 
I - s l l  r s  i - s I 1 r s  

I S 2 1 S 1 2  1 I hope this very brief resume has 
radius rL = 

ISz2 12 - IA 12 helped in some way to clear the air on 
for A = determinant of device scatter- this subject. 
ing matrix, i.e. s l I  0 ~ 2 2 -  ~ 1 2 . 5 2 ~ .  where d L  is located on a line through Graham J. Clements, VK3TK 
Since the source and load termina- 
tions being considered are passive 
networks, their reflection coefficients 
F s  and rL will be less than unity. For 
a two-port network to be uncondi- 
tionally stable, it is necessary that 
(sjjI < I for all rL as rL  is changed 
arbitrarily, but kept so that IrLI < 1 .  
Similarly, it is necessary that I 
for all rs as I", is changed arbitrarily, 
with l r s l < l .  

Consideration of the S I 1  and SZ2 

equations shows that if lslll > I, then 
any rL will cause I s l l ( > l  and the 
network is potentially unstable for all 
rL and the given rs. Stability with 
respect to the input port will only 
then be obtained by ensuring that the 
positive real part of & is greater than 
the negative real part of the input im- 
mitance. For the condition Is l l (  < 1 ,  

the magnitude of s l l  is less than unity 
for any passive r L .  Further con- 
sideration of the two equations 
shows that the whole I?; plane can be 
separated into two regions, one for 
which the input immitance is positive 
real - the stable region, and the 
other for which the input immitance 
is negative real - the unstable region. 

*A capital S is used to denote external network 
S-parameters; a lower-case s is used to 
describe device parameters. 

SZ2* and the origin of the unit circle, 
and C2 is as previously defined in 
WA6UAM's article. 

Typical examples of stability circles 
are shown in the diagra-ms to the left. 
The region of the rL plane which pro- 
vides a positive real input impedance 
(i. e. Isl < 1  1 is indicated as follows: 

1. If the stability circle includes the 
origin of the unit circle, the inside of 
the stability circle (within the unit cir- 
cle) defines the area in which a 
selected rL will result in a positive 
real input immitance. 
2. If the stability circle excludes the 
origin, then the area of the unit circle 
outside the stability circle is the area 
of positive real input immitance. 
The stability of the output port can be 
investigated wiith respect to rs  plane 
being given by: 

C * 
center d ,  = 

Is1 , 12 - l A 12 

I S l 2 ' S 2 1  I - radius r, = - 
ISll 12 - IA12 

The necessary conditions for a two 
port to be absolutely stable can now 
be stated: A two-port network is ab- 
solutely stable if there exists no pas- 
sive source or load termination which 
will cause the system to oscillate. 
This is equivalent to requiring the un- 

Technical Director 
Relcom Engineering 

Melbourne. Australia 

Graham Clement's letter is as fine 
an exposition on stability-circle 
analysis as I've read since William 
Froehner's article in the October 16, 
1967 issue of Electronics. And Mr. 
Clements goes further than that arti- 
cle by correctly pointing out that 
K > 1 is a necessary, but not a suffi- 
cient condition, for absolute sta- 
bility. 

Although the stability circle 
analysis approach outlined by Mr. 
Clements appears entirely correct, 1 
regard it as frosting on the cake. It is 
my belief, and confirmed by others, 
that the only conditions for absolute 
stability are K > I, S 1 1  < I, and 
S22 < I. In other words, an amplifier 
with K > 1 can oscillate only at the 
design frequency if either the input or 
output impedance is negative. Since 
the rest of my design equations fall 
apart if S l l  or S2 are greater than 1, 
there is little danger of inadvertently 
designing an oscillator using the for- 
mula in my article. 

The key here, of course, is the term 
"at the design frequency. " Any tran- 
sistor having S1l  < I, Sz2 < I, and 
K > I at a design frequency may well 
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exhibit K < I, S f 1  > I ,  or S22 > 1 
at some far removed frequency. Thus 
an amplifier which is unconditionally 
stable over a particular passband 
may indeed oscillate at some other 
frequency! This is another reason to 
use interstage isolators as described 
in the February, 19n, issue of ham 
radio (page 261, even for "uncondi- 
tionally stable" amplifiers. 

Although I have not performed a 
rigorous analysis to prove that the 
three conditions for absolute stability 
are always K > I, S 1  1 < I, and 
S22 < I ,  it has been proven em- 
pirically in countless amplifier 
designs by myself and others. 1 
would be very interested in any 
careful analysis of this question 
which ham radio readers may care to 
undertake. 

H. Paul Shuch, WAGUAM 
San Jose, California 

antenna noise bridge 
Dear HI?: 

The article on the improved RX 
noise bridge in the February, 1977, 

issue of ham radio was very well 
done; authors Hubbs and Doting 
have come up with an excellent solu- 
tion to the accuracy problem of the 
original design by YAIGJM (ham 
radio, January, 1973). When design- 
ing and building antennas, RX meas- 
urements are a must and, considering 
the simplicity and accuracy of this im- 
proved noise bridge, my advice is, 
"Don't leave home without it!" 
The range-extender idea is a very nice 
way to get added coverage for this in- 
strument, especially for 80- and 160- 
meter work. For those using 300- or 
600-ohm line the thought occurred to 
me that another version of the range 
extender assembly might be made ex- 
cept in this case the resistor wouldbe 
placed in parallel with the unknown 
impedance instead of in series. For 
best accuracy the resistor should be 
nearly equal to the resistance of the 
pot, say 220 to 240 ohms, and the 
assembly should be constructed us- 
ing as physically small a resistor as 
possible to keep down added stray 
capacitance. 

One word of caution: (especially to 

hand-held calculator wielders) don't 
impute any greater accuracy to the 
computations than that of your 
original readings. If your reading ac- 
curacy was good to within 5%, the 
computed result isn't going to be any 
better just because you have it out to 
eight decimal places. This comment 
applies to  either range-extension 
computation. 

Forrest E. Gehrke K2BT 
Mountain Lakes, N e w  Jersey 

Mr. Gehrke's suggestion for using 
a 220-ohm shunt range extender with 
the RX noise bridge is an excellent 
idea. The I@-ohm series resistor is 

measured impedance of adapters 
series adapter shunt adapter 

(output shorted] (output open1 
frequency frequency 

(MHz) Rp Cp (MHz) Rp Cp 

3.5 101 0 3.5 165 5 
7.0 100 0 7.0 165 5 

14.0 100 0 14.0 165 4 
21.0 100 - 1  21.0 165 3 
28.0 100 - 2  28.0 165 3 

Note: The small Cp offsets ahown above are 
used to correct the Cp readings to haw a 220- 
ohm resistor available, I used a 170-ohm 
resistor in the shunt adapter. 

frequency 
(MHz) 

3.5 
7.0 

14.0 
21 .o 
28.0 

test load 1 (350-pF capacitor) 
measured 

shunt series series impedance 
C P adapter? adapter? Rs 

107 Yes Yes 2 - 131 
x s  

102 no Yes - 1 -63 
33 no Yes - 1 - 31 
15 no Yes - 2 - 21 
6 no Yes 0 - 14 

test load 2 (14-pF capacitor) 
20 Yes no 0 -3000 
20 Yes no 0 - 1500 
19 Yes no 0 - 750 
18 Yes no 0 -500 
18 Yes no 0 -380 

test load 3 (11.6 feet of RG-58IU.  open circuited) 
230 no Yes - 3 - 116 
396 Yes no 1 - 115 
433 Yes no 1 - 53 
86 no Yes 1 - 47 
0 no Yes 1 0 

- 27 no Yes 8 -48 
- 125 Yes no 2 -59 

3 Yes no - 1400 0 

test load 4 (1000-ohm carbon resistor) 
5 Yes no - 1000 0 
5 Yes no - 1000 0 
4 Yes no - 1000 0 
3 Yes no - 1000 0 
3 yes no - 1000 0 

actual impedance 
Rs x s  

0 - 130 
0 -65 
0 - 32 
0 - 22 
0 - 16 
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useful, as explained in our article, for 
measuring high O flow resistance) 
terminations. We offered no sugges- 
tion for high resistance terminations; 
Mr. Gehrke's solution fils this void 
quite nicety. With a shunt extension 
device, it's possible to bring these 
high resistance terminations within 
the range of the bridge. In fact, using 
either and sometimes both the series 
extender and/or the shunt extender, 
it is theoretically possible to measure 
any impedance at 3.5 MHz and 
higher. Frank and I have built a shunt 
range extension assembly to prove 
the suggestion is practical. Our find- 
ings summarized below support that 
conclusion. 
1. The shunt range extender can be 
made physicafly using the same 
PL-295 connector and the same 
SO-239 Motorola pin-plug adapter as 
suggested in our article for the series 
device. The only difference is that a 
short length of wire is used to con- 
nect the center terminals together, 
and the resistor is connected from 
center pin to shield. 
2. There is about 5pF of stray capaci- 
tance to ground and about 25-30 
nanohenries of series inductances in 
the finished unit. These strays cause 
the noise bridge null to shift about 5 
pF in the capacitive direction when 
using the shunt device. This offset 
can be compensated for with suf- 
ficient accuracy fin most cases) by 
merely subtracting the offset from 
the readings one obtains. 

It is interesting to note that these 
same strays exist in the series range 
extender, However, nature conspires 
to make them functionally trans- 
parent in this case. The input im- 
pedance of the series extender with 
the output short-circuited is very 
nearly a pure resistance. This is caus- 
ed by the fact that 25 nanohenries in 
series with 1CK) ohms resistance is 
functionally equivalent to the same 
le0-ohm resistor in parallel with a 
negative capacitor. This negative 
capacitor nicety compensates for the 
stray capacitance in the circuit. The 
same compensation effect does not 
exist for the shunt assembly. 

3. Besides being a nice theoretical 
technique, the shunt extender works 
in practice as the following data 
shows. 

We feel Mr. Gehrke's suggestion 
is a valuable addition to noise bridge 
and impedance measuring tech- 
nology for the ham. Our findings 
demonstrate the idea is also prac- 
tical for implementation by the 
amateur. 

Bob Hubbs. W6BXI 

wideband preamp 
Dear HR: 
The Article in the October issue of 
ham radio on the "Wideband Pre- 
amp" by WlAAZ was intriguing and 
yet simple enough for me and two 
friends to quickly build three models. 
Unfortunately, the article didn't give 
us enough indication of the preamp's 
performance and I thought some 
readers might be interested in our 
results. 

A Motorola HEP S3013 was used 
in place of the 2N5109 while the balun 
was wound using 10 twisted, bi- 
filar turns of no. 30 AWG (0.25mm) 
wire on a 51 116-inch (8mm) 0-Z core. 
The balun seemed to be the most 
critical part of the design. My first at- 
tempt with 8 turns of no. 26 AWG 
(0.4mm) resulted in considerably less 
gain than the final results. The circuit 
was laid out on a 1-114 x 1-314-inch 
(3.2x4.5cm) printed circuit board. A 
22 V battery was used to power the 
preamp. 

The results were quite surprising. 
With a 50-ohm signal generator on 
the input and a 50-ohm termination 
on the output, there was a minimum 
of 10 dB voltage gain over the range 
of 2 to 70 MHz. The noise figure was 
measured to be less than 3dB from 
1.5 to 30 MHz. Although no meas- 
urements were recorded, a quick 
check of desensitization and inter- 
modulation distortion showed very 
good results. My thanks to WlAAZ 
and ham radio for bringing this design 
to my attention. 

Glenn S . Williams WBSDHG 
Oakhurst, New Jersey 

If your urges tend toward link- 
ing remote receivers to VHF 
repeaters, transmitting video 
(the real thing - living color - 
not slow scan), linking home- 
made computers, full duplex 
mountain top or over water 
duct dxing, the Microwave 
Associates' 10.0 - 10.5 GHz 
GunnplexerTM Transceiver 
front end i s  a must. 

Over 400 units are in the field 
in 16 countries. The 
Gunnplexer is available off- 
the-shelf in Burlington and 
our main European offices. 
Send for all the info on the 
latest cigarette lighter compa- 
tible modulator/power supply/ 
AFC/receiver circuitslpropaga- 
tion and antennae. Send in 
your own circuit ideas now. 
We will pay $1 00 for all new 
circuits we incorporate in our 
sales bulletins. Send your 
check or C.O.D. order now! 

MA-871 40-1 Gunnplexer $1 08 
MA-871 41 -1 Pair of 

Gunnplexers $1 80 

See you on 10.3 GHz. 

Microwave Associates, Inc. 
Building # 4 
South Avenue 
Burlington, MA 01803 
Tel. (61 7) 272-3000 

M I C R O W A V E  
ASSOCIATES 
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Freq Hangt. 3 5 1'10 Mti iPlease do not confuse the 
RF2000 w ~ t h  s~ml lar  appearing lower p r~ced  t l n~ ts  . 
RF2000 IS an rndtvldually callbraled professtonal 

FULLBAND COVERAGE 160 -10  METERS INCLUDING MARS. 
2000  WATTS P.E.P. SSB INPUT. 1000 WATTS INPUT CONTINUOUS DUTY, CW. . RTTY & SSTV. 
TWO ElMAC 3-5002 CONSERVATIVELY RATED FINALS 

GLASS PLUG I N  BOARD. HAVE A SERVICE PROBLEM? (VERY UNLIKELY) JUST 
UNPLUG PnADn A R l n  C C R I n  T n  I I C  

I HEAVY DUT 
Dunnu n ~ v u  JL I~U I u UJ. 

I 
_ Y COMMERCIAL GRADE QUALITY AND CONSTRUCTION SECOND TO NEW AM/FM ANALYZER 

NO OTHER UNIT AT ANY PRICE! 
WEIGHT: 9 0  Ibs. SIZE: 9%"  (h) x 16" (w) x 15%" (d). 

SIGMA A F - 2 5 0 L  
INTRODUCTORY PRICE $199 

FEATURES Dev~at~on/Modulat~on Meter - FM: 0 - 2 0  KHz. 
CUSTOM COMPUTER GRADE COMMERCIALCOMPONENTS. CAPACITORS. AND TUBE SOCKETS AM. 0 100'rt Size 5'+ (h) x 10%" (w)x 7'h" (d) 
MANUFACTURED ESPECIALLY FOR HIGH POWER USE-HEAVY DUTY lOKW SILVER PLATED Weight 7 Ibs. Frequency: 1.8MHz-520MHz 

I CERAMIC BAND SWITCHES* SILVER PLATED COPPER TUBING TANK COIL= HUGH 4" EASY TO I I 
READ METERS-MEASURE PLATE CURRENT. HIGH VOLTAGE. GRID CURRENT. AND RELATIVE 
RF OUTPUT= CONTINUOUS DUTY POWERSUPPLY BUILT I N  STATEOF THE ART ZENER DIODE 
STANDBY AND OPERATING BIAS PROVIDES REDUCED IDLING CURRENT AND GREATER 
OUTPUT EFFICIENCY BUILT I N  HUM FREE DC HEAVY DUTY ANTENNACHANGE-OVER RELAYS 

AC INPUT l l O V  OR 220V AC. 50-60Hz TUNED INPUT CIRCUITS ALC-REAR PANEL 
CONNECTIONS FOR ALC OUTPUT TO EXCITER AND FOR RELAYCONTROL* DOUBLE INTERNAL 

ALSO MODEL AF Z 5 l L W  I I /--- \ I WlTHRUl lT lN  125WATT 
C A L I B R A T E D  W A T T  
METER & DUMMY LOAD 
PRICE $289. PLEASE 
WRITE FOR COMPLETE 
INFORMATION 

SHIELDING OF ALL RF ENCLOSURES* HEAVY DUTY CHASSIS AND C A B I N ~ O N S T R U C T I ~ N  I 
OR HAY ROTA S159,95 I 1 AND MUCH. MUCH MORE. 

Model SRC 146A FMSC I kanner  for KDK FM 
SPECIAL SALE 144 and 7400 Scanner II for 

T r ~ o - K e n 4  TR-7400A 

4 Xtals 34/94 and 94/94 Fullscan 146and 147MHz 

USA Z Deluxe Base Charger $40 consecut~vely M 1 MHz. a 

PT3644 Leather Case any MHz range-scan rate 1 

AT 19 Rubber Ant and Whlo $6 MHz/2 seconds adlusla- 
blel Conlrols SCan/Hold. 
Lalch/Delay. 600 KHzoftset 
(off. up. down). program 1 
MHz Strnple tnstallation 

m 
Syntt~es~zrrlVHF 
F M Trarisce~v?r. 

ACCESSORIES FOR NDK FM 144 
fMPi dH Hegulalrd ACPI $49 

In Please w r ~ t e  

fMlP I luuch Ion? Pad $59 lor complete ~nformat ion and SPECIAL 
FMTP 2 Touch lone Pad wth ld~urnber INTRODUCTORY PACKAGE PRICE. 

P~o~rarnable Memo~y $99 
FMMC I Mtcrophone wlh Bull1 In 

loch lone Pad $59 
fMlD I Pt~vale Call  decode^ for use wglh and 

Programed by Anv Touch Tone Pad SIT) us and package otters 
SC 121 Aud~ble Tone tncoder Decoder $119 
FMSC I Scanne~ - Random. Any Range $169 
FMSC 2 Scanne~ - Prograrnablr 14 Channels $109 
MkRS CAP' Oplron KI! - Any fiequencv 

Any Spl~l $12 
FMOF-1 0t1se1 Optron KII - 2 

txlra Por~l~onr Cryslak Rrqu~red $19 
FMOF 2 r l MHz OWrct Oplan Kd 

(No Crysfals To Buy) 
FMTt I Sub Ludlble lone (100 HI - 

Ad~uslable 61 203 HI) 

"' AMATEUR-WHOLESALE ELECTRONICS $29 
fMAT I ' r  Wave Portable Antenna for Hotel 

Molel or A~arlrnenl s795  8817 S.W. 129th Terrace. Miami. Florida 33176 
ElIra DC Cad h Plug 
ACC SOCLCI 5  PI^ Dtn plug :: :: COURTEOUS PERSONAL SERVICE-SAME DAY SHIPMENT Prces subicct to c h a m  wlthwr notce. 

Onnrrs Manual  errr rat $500 TELEPHONE: (305) 233-3631 TELEX 51-5628 STORE HOURS: 10-5 M0N.- FRI. 0 Servce Manual 12 00 
Mounr~na Bracke! (ElIra) $600 O U ~  CREW: S.l GREGORY WA4KGU J.R. MAGGIO Mgr. S.E. GLICKMAN "'"urn'c'no 

Owner/Gen. Mar. W ~ C X L  WB4HFJ B 



FM144-1 OSXRII 
All Solid State-PLL digital synthesized - No Crystals to buy! 5KHz steps - 144-149 
MHz-LED digital readout PLUS MARS-CAP." 

SMHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz - 
400 to 800 Channels) a Priority Channel Audio Output 4 Watts 15 Watts Output 

Unequaled Receiver Sensitivity and Selectivity - 15 POLE FILTER, MONOLITHIC 
CRYSTAL FILTER AND AUTOMATIC TUNED RECEIVER FRONT END - COMPARE!! 
a Superb Engineering and Superior Commercial Avionics Grade Quality and Con- 
struction Second to None at ANY PRICE. 

. FREQUENCY RANGE: Receive: 144.00 to MONITOR LAMPS: 2 LED'S on front panel 
148.995 MHz, 5 KHz steps (1000 channels). lndlcate (1) incoming signal-channel busy, and 
Transmlt 144.00 to 148.995 MHz, 5 KHz steps (2) un-lock condition of phase locked loop. 
(1000 channels) + MARSCAP.' 
FULL DIGITAL READOUT: Six easy to read LED 
dig~ts  provlde d~rect  frequency readout assuring 
accurate and slmple selection of operating 
frequency. 
AIRCRAFT TYPE FREQUENCY SELECTOR: Large 
and small coaxially mounted knobs select 
lOOKHz and lOKHz steps respectively. Switches 
cl~ck-stopped with a home position facilitate 
frequency changing without need to view LED'S 
while driving and provides the sightless amateur 
with full Braille dial as standard equipment. 
FULL AUTOMATIC TUNING OF RECEIVER 
FRONT END: DC output of PLL fed to varactor 
d~odes in all front end R-Ftunedcircuits prov~des 
full sensitivity and optimum intermodulatlon 
rejection over the entire band. No other amateur 
unit at any price hasthis feature whlch is found ~n 
only the most sophisticated and expensive 
alrcraft and commercial transceivers. 
TRUE FM: Not phase modulation - for superb 
emphasized hi-fi audio quality second to none. 
FULLY REGULATED INTEGRAL POWER 
SUPPLIES: Operating volgate for all circu~ts. I.e., 
12v. 9v and 5v have independently regulated 
supplies. 12v regulator effectlve in keeping 
engine alternator noises out and protects flnal 

DUPLEX FREQUENCY OFFSET: 600KHz plus or 
minus, 5KHz steps. Plus simplex, any frequency. 
MODULAR. COMMERCIAL GRADE CONSTRUC- 
TION: 6 un~tlzed modules el~minate stray 
coupling and fac~l~tate ease of maintenance. 

ACCE.SSORY SOCKET: Fully wired for touch-tone, 
phone patch, and other accessories. 
RECEIVE: .25 uv sensitivity. 15 pole filter as well 
as monolithic crystal filter and automatic tuned 
LC clrcu~ts provide superior skirt selectivity. 
AUDIO OUTPUT: 4.WATTS. Built in  speaker. 
HIGH/LOW POWER OUTPUT: 15 watts and 1 
watt, switch selected. Low power may beadjusted 

protected-short or open SWR. 

and power out on transmit. 

J anywhere between 1 watt and 15 watts, fully 

PRIORITY CHANNEL: Instant selection by front 
panel switch. D~ode matrix may be owner re- 
programmed to any frequency (146.52 . prov~ded). 
DUAL METER: Provides "S'reading on receive 

OTHER FEATURES: 
Dynamic microphone, mobile mount, external 
speaker jack. and much, much more. Size: 2% x 
6% x 7%. All cords, plugs, fuses, mobile mount, 
microphone hanger, etc., included. Weight 5 Ibs. 

I 
-- 

M8nufactured.b~ one 01 the world's most distinguished Avionics manufacturers, Kyokuto Denshi Kaisha, Ltd. I m - - - 

First in the world with an a l l  solid state 2 meter FM transceiver. 
Replonal Senlcs 

AMATEUR-WHOLESALE ELECTRONICS ~~~~~~$~~~~~~~~~~~~~ 
8817 S.W. 129th Terrace, Miami, F lor ida 33176 PLEASE ORDER FROM YOUR LOCAL Colonia. N.J. 

~ ~ l ~ ~ h ~ ~ ~  (305) 233-3631 Telex: 51-5628 DEALER OR Dl  RECT l  F UNAVAILABLE. west:Consume'Comm~n~ca'lon~~ Inc. 
DEALER INQUIRIES INVITED.  

Seattle. Wash. 
U.S. DISTRIBUTOR 
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products 
For literature on any of the new 

products, use our Check-Off 
service on page 142. 

144 and 432 MHz 
linear transverters 

Microwave Modules, Ltd., of Liver- 
pool, England, has introduced a line 
of transverters (transmitting con- 
verters) that are of great interest to 
Amateurs who want to operate on 
the vhf bands. Although the term 
transverter is usually applied to a cir- 
cuit that only transmits, these units 
have a receiving converter built in as 
well. Thus, only a hf-band transceiver 
need be connected to the Microwave 
Modules box to enable you to operate 
on the higher bands with ease. 

Three units of primary interest to 
Amateurs are the MMT 144128, MMT 
432128, and the MMT 42 /28  Mark 4. 
The first number in the designation 
indicates the frequency of the band 
of operation, in this case either 144 
MHz or 432 MHz. The second num- 
ber indicates the frequency of the in- 
put (or output) signal required for 
mixing (or as an i-f output). Thus the 
432128 will allow operation in the 
Amateur 432-434 MHz range, with an 
input of 28 MHz for transmitting and 
an i-f output of 28 MHz for receiving. 

The MMT 432128 Mark 4 is of 
special interest since it has been 
broadbanded to  cover a 4-MHz 
range. This feature has been in- 

corporated to allow you to operate 
both weak-signal (432 MHz) and the 
future Oscar 8 (436 MHz). Two addi- 
tional units have also been recentlv 
introduced, the MMT 432150 and the 
MMT 438lATV. Power output from 
the transverters is nominally 10 watts, 
PEP. Input and output impedance is 
50 ohms, with BNC fittings on the 
enclosure for connection. There is a 
separate connector for the 28-MHz i-f 
ou-tput to the receiver, marked 28- 
MHz OUTPUT. A connector is pro- 
vided for a separate 144-MHz (or 432- 
MHz, as the case may be) input, but 
the connector is not wired up. In- 
structions are given to enable the 
user to connect this input jack if 
desired. Normally, the 432- or 144- 
MHz input jack serves as both trans- 
mitting and receiving connections. 
Separating the two functions would 
be useful if you wanted to drive a 
linear amplifier while transmitting. 
PIN diodes perform the internal 
switching function. 

DC power required for the trans- 
verters is in the range of 12 to 14 volts 
for both units. Quiescent current for 
the 144-MHz model is 300 mA; for the 
432 unit it is 180 mA. Current drain 
rises to approximately 2 amperes on 
peaks for both units. 

Drive power required for full output 
on both models i s m  milliwatts, but 
there is an internal attenuator that 
may be jumpered out of the circuit to 
allow the use of an input as low as 5 
milliwatts of drive. 

Other features worth noting are a 
receive converter noise figure of ap- 
proximately 2.5 dB (144 MHz) and 3 

dB (432 MHz); a cast-aluminum 
enclosure for good shielding and 
mechanical stability; and a crystal 
oscillator that starts high enough to 
avoid the need for a large number of 
multipliers and their spurious pro- 
ducts - 101 MHz for the 432 unit and 
116 MHz for the 144 transverter. Both 
boxes measure 7-318 inches wide, 
2-114 inches high, and 5-1 12 
inches deep, including connectors 
(18.7~5.7~13.9cm). Suggested list 
prices for the transverters start at 
$199.95 for the MMT 144128, $229.95 
for the MMT 432128, and $249.95 for 
the MMT 432128 Mark 4. The source 
for this equipment is Spectrum Inter- 
national, Incorporated, Post Office 
Box 1084, Concord, Massachusetts 
01742. 

full-feature frequency 
counter 

Here's a high accuracy frequency 
counter for those working within the 
Citizen Band and Amateur disci- 
plines. The counter has recently been 
made available from Communications 
Power, Inc. Designated model CPI 
FC-70, the frequency counter 
features a bright seven-digit LED 
readout with anti-glare louvers - 
great when you're working in a dimly 
lit environment. 

Resolution is within 10 hertz; ac- 
curacy is rated at 0.0003 per cent, 
which is considerably higher than the 
FCC's 0.005 per cent requirement 
The FC-70 accepts 400 watts of 
throughput power. It has a high- 
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impedance input, which means it's 
easily used with rf oscillators and grid 
dippers. It's also useful for testing 
i-fs, filter characteristics, and crystal 
response. 

The FC-70 operates from either 12 
Vdc or 115 Vac. Quick disconnect 
cables are supplied for both voltages. 
The FC-70 has a guaranteed upper 
frequency limit of 40 MHz; 55 MHz is 
typical. Looks like a nice piece of test 
equipment for the serious technician 
working with high-frequency com- 
munications equipment. 

For more information on the CPI 
FC-70 counter, as well as information 
on CPl's complete product line, write 
Mr. Robert Artigo, Communications 
Power, Inc., 2407 Charleston Road, 
Mountain View, California 94043. 

electronics tools 
in a roll-pouch kit 

This new product, offered by 
Jensen Tools and Alloys, looks like 
the answer to the tool-kit problem for 
field engineers and electronics techni- 
cians. It's called the JTK-81 - a tool 
kit that contains more than 25 essen- 
tial tools in a roll pouch that's easy to 
store in drawer or pocket. 

The tool complement consists of 
pliers, cutters, screwdrivers, nut- 
drivers, wire strippers, hex and spline 
keys, soldering equipment, hammer, 
and more. A Triplett model 310 vom 
is offered as an optional accessory. 
The tool package fits neatly into a 
multipocketed 12 by 21 inch (305 by 
533mm) vinyl roll pouch. 

The JTK-81 kit without vom is 
priced at $75.00. With meter, the kit 
price is $127.00. Quantity prices are 
significantly lower. 

If you'd like a free catalog describ- 
ing more than 3000 hard-to-find 

/ 

Just listen on VHF or UHF. Before long you'll discover that 
the guy with the full quieting signal, the readable signal, the 
one that gets through best usually says: ". . . and I'm using 
a Larsen Kiilrod Antenna." 

This is the antenna designed, built and ruggedly tested in 
the commercial tweway field. It's the fastest growing make 
in this toughest of proving grounds. Now available for all 
Amateur frequencies in 5 different easy-on permanent 
mounts and all popular temporary types. 

Make your antenna a Larsen Kiilrod and you'll have that 
signal difference too. Also good looks, rugged dependability 
and lowest SWR for additional pluses. 

FREE: Complete details on all Kijlrod Amateur Antennas. 
We'll send this catalog along with names of nearest stocking 
dealers so you can get the full quieting "difference" s~gnal. 

Kulmd 1s a repstered trademark of Larsen Electronles 

1161 1 N E 50th Ave P 0 Box 1686 Vancouver, WA 98663 Phone 2061573-2722 
In Canada write to Canadian Larsen Electron~cs, Ltd 

1340 Clark Drive Vancouver, B C V5L .3K9 Phone 6041254-4936 
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I 180WATTS a 143-149MHz 
Designed for Base Station 
and Repeater Operation 

11 51230V Operation 
a A M - F M - C W - S S B  
$7 Up to 200 W Out, 10-15 W In 
a + 13V Accessory Socket 
a TIR Switch 
$7 Metered 
fi Fully Protected 

Model Vl80 $525.00 
Call In Your Order Now 

OPTIONAL 
19" Rack Mount Panel 

- KU - RF POWER LABS, INC. 
FR 11013-118th Place N.E. Kirkland, Warhiigton 98033 

I Telephone: (206) 822-1251 TELEX No. 32-1042 

tools, as well as other Jensen pro- 
ducts, drop a note to Jensen Tools 
and Alloys, 4117 North 44 Street, 
Phoenix, Arizona 85018. 

two-meter transceiver 

System 3000, a microcomputer- 
based two-meter transceiver offered 
by Edgecom, Inc., provides amateurs 
wi th a complete personal com- 
munications ystem. It has an on- 
board computer that provides 
unusual flexibility. Some of its many 
features: 

Ten front-panel programmable 
priority channels 
Priority-channel silent monitor 
Built-in scanner 
Two-frequency subaudible tone 
encoderldecoder 
Transmitter frequency offset 
Audio alarm. 

For more information on the 
System 3000, write Edgecom, Inc., 
2909 Oregon Court A3, Torrance, 
California 90503. 

dip breadboard kits 

You can obtain DIP Breadboard 
Kits in three larger models from Ham- 
mond,Manufacturing Company. The 
three new models are Bimboard 2, 3, 
and 4. They consist of individual Bim- 
boards slotted together and mounted 
onto a 1116-inch (1.5mm) thick 
matte-black aluminum base. 

The new Bimboard models provide 
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24, 36, and 48 in.* (155,232, and 310 
cm2) breadboarding area. Included 
are 1100, 1650 and 2200 individual 
sockets. 

Aluminum backplates, which are 
mounted on four nonslip rubber feet, 
are fitted with four screw terminals. 
Input power and ground leads may be 
connected to these terminals. Also 
included are 2-, 3-, or 4-component 
support brackets, which provide 
mounting for larger components. For 
more information write Hammond 
Manufacturing Company, Inc., 385 
Nagel Drive, Buffalo, New York 
14225. 

counter-generator with 
prescaler 

Lunar Electronics presents a new 
frequency counter-generator with a 
five-digit display and a seven-digit 
readout with front-panel scaling. It's 
the model DX-555P - a basic 30- 
MHz counter with prescaler. The 
instrument has a 10-MHz time base, 
which includes easy zero adjust to 
WWV. The built-in prescaler extends 
the count range to 300 MHz (acti- 
vated by a rear-panel switch). 

Featured is a variable-frequency 
marker oscillator, which covers 440 
kHz30 MHz in three bands. When 
the marker oscillator is activated 
(front-panel switch), its output is 
available from a rear-panel jack and is 
also displayed on the counter 
readout. 

Marker-oscillator output, which 
may be amplitude modulated, is of 
sufficient amplitude for aligning 
receivers with 455-kHz i-fs up 
through 30 MHz. The high harmonic 
output may also be used throughout 
the lower vhf range with careful at- 
tention to  frequency, which will 
preclude aligning your receiver on 
images. 

The Model DX-555P with prescaler 
lists at $239.95. Without prescaler the 
price is $189.95. For further informa- 
tion write Lunar Electronics, P.O. 
Box 82183, San Diego, California 
92138. 
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This advanceo srarewr-rne- !' "Sky Needle" is fast earning 

,'! own spec~al place of honor in t 
ham-communications field. Tri- 
takes great pride In being t , , 
developer and first to build t 
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DALLAS, TX. 75219 
(214) 823-3240 

Mini Grandfathe 
$39.95 kit $59.95 (-bled & checked out) . Completelv Electronic LOWCOST 

100% Solid Stale Com~le te  with a l l  pan1 including trans. . All CMOS IC Connrwtion former & s p a k a r .  

hours, monutar. & seconds 
Top Oualvtv epoxy glar PC 
bo.lrds ere drlllsd & p la ted 
No addncaonal componnnts a n  Unfinished C u  - $15.95 

The OVP-1 is an overvoltage protection circuit designed to 

A L L  ELECTRONICS SUPPLIED Regulation: 240mv Load & Line 
LARGE COMPUTER GRADE FILTER Ripple: Less than .5V @ 30V & 10A. 
PLATED PC BOARD 
UNIQUE PRE-REGULATOR ALLOWS COOLER 
OPERATION AT HIGH CURRENTS. MK-03  AIRCRAFTICLOCK TIMER KIT. 
3 to 16V & 15 to 30V (two ranges) @ You don't have to be a pilot to  need the MK-03. I f  you want 
10A CONTINUOUS (15A with fan cooling) a mobile clock that offers: six .4" LED readouts, 24 hour real 

time readout, 24 elapsed time readout, alarm, snooze, display 
blanking. Timer and clock share same set of readouts but are 
totally independent of each other. T~mer has reset and freeze 
feature. Many other options are available. Sold less case and 
switches because of the various mountings and options available. 

$26.95/complete electronics and boards less switches and case. 

included) also works for voltage source 

THE FIRST 

z Patent Pending a ohms # 
$ 2 $3995 g 3 
2 h) 

SPDT, DPDT 8 
# Power 1 KW $ 
3 

All Brass 
rI- l~I~/ , \X.  IN<:. 

# 
5701 N.W. 31st AVENUE 

g 
Teflon 4 

2 FT. LAUDERDALE, Insulated 9 
$ FLOR l DA 33309 4 
A Captivated 4 
i Internal 2 
7 
2 Distributor Inquiries Contacts 8 
2 Invited 3 
i Model SW-5000 Available in A 

UHF, BNC,N, ;! : Mail Orders Accepted - Add 754 for Postage F, all series ;! 

General Communlcatlon 6 Industry 
Cltlzen's Band 
(Standard 6 Syntheslzed) 
Two-Meter - Monltor - Scanners 
Marlne VHF Amateur Bands 

Depend on Jan Crystals 
made in U. S. A. for 

Froqumcy Control Froqumcy SIaMllty 
Hlgh Performance 

Send 10. for our latest catalog 
Write or phone for more details 

EL! 2400 Crystal Drive 
Ft. Myers, Florida 33901 - all phones (813) 936-2397 

, I 1  
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WHEN QRM RAGES AND THE PILE-UPS DEEPEN, 
WOULDN'T YOU LIKE TO HAVE.. . 
H ALL THE ROCK-CRUSHING POWER YOUR LICENSE ALLOWS - on allmodes - with no need 

to 'baby' your linear, no duty cycle or time limit at all? 
H INSTANT BANDCHANGE 'NO-TUNE-UP' all the way from 10 through 80 meters, with the 

exclusive ALPHA 3747 
H COVERAGE ALL THE WAY DOWN TO 160 METERS with the smooth-tuning, extra-rugged 

ALPHA 76 powerhouse? 
H CRISP, PENETRATING "TALK POWER" - as much as 10 dB extra to 'punch through' when 

the going gets really tough, with the ALPHAIVOMAX split band speech processor? It's as 
effective as the best rf piocessor, lower in distortion, and very easy to use with any rig! 

W THE PROTECTION OF A FACTORY WARRANTY THAT RUNS A FULL 18 MONTHS - six 
times as long as competitive units? [ETO tries to  build every ALPHA t o  last forever . . . and 
we're making progress: not one single case of ALPHA 76,77D, or 374 power transformer 
failure has ever been reported!] 

H THE PURE PLEASURE OF OWNING ALPHA? 

SURE YOU CAN BUY A CHEAPER LINEAR - ALPHA: BUT IS THAT REALLY WHAT YOU WANT) 

START ENJOYING THE ALPHA EDGE NOW. Call or visit your nearest ALPHAIETO dealer, or 
ETO direct, right away, and you can have prompt delivery of your new ALPHA linear amplifier 
and ALPHAIVOMAX processor. While you're at it, ask for illustrated literature describing all 
ALPHA products in detail, as well as a copy of "Everything You A h y s  Wanted to Know About 
(Comparing) Linears . . . But Didn't Know Whom to Ask. " 

More Details? CHECK-OFF Page 142 september 1977 109 



POSTPAID 

Strapping for Hi-LOW Z Output TEXAS RESIDENTS 
ADD 5% SALES TAX 

Internal 5 V. Regu la to r  CHECK OR M.O. 

Supply Vo l tage  R a n g e  7 t0 24 V. SEE UP-COMING AD FOR NEW 

RFI Suppress ion  
AUTOMATIC UNIT. ATD-70 

2 NUMBERS, FIELD PROGRAM- 
@ Ve lc ro  and Case Included 

Size 2.80 - 2.00 - 0.60 Inches SATISFACTION 
GUARANTEED 

Francisco & Los Angeles. .. 

RADIO AMATEURS MAP OF NORTH AMERICA1 
Full color. 30" x 25" - includes Central Amer. 
ica and the Caribbean to the equator, showing 

amateurs. Packed with world-wide information 
- includes 11 maps. in 4 colors with zone 

COPY MORSE CODE 
with the n e w  MVDlOOO 
MORSE VIDEO DISPLAY 

Enjoy Morse Code copy on your TV 
screen 
Displays letters, numbers, and 
punctuation 
16 lines of 32 characters er page 
2 page display with ~ecaly feature 
Automatic scrolling 
Automatic or  Manual speed control 
Copy Morse Code from 6-60 WPM 
Easily connects between receiver and 
TV set 

Write for  more information 
MK-1 Memory Keyer ............................ $169.95 
CMOS PCB Keyer .................................... ... $24.95 

DGM ELECTRONICS 
787 BRIAR LANE, BELOIT, WIS. 53511 

FOR A BETTER DEAL SEE 
ROSS THE COUNTRY HAM 

$500 TRADE-IN ALLOWANCE FOR TS-520 
OR FT-101EE. IN GOOD CONDITION, 
T O W A R D  ASTRO 200, FT-BOlD, OR 
ICOM 701 

Midland 13.510 (2m). new. $349.96 
Yaesu FRlOlS. like new 349.00 
Yaesu 221R. new Write 
lcorn 211. new Write 
lcom 22S, new 258.50 

I Call or write for quote on Astm 200, Dentron 
MT-3000A, Yaesu FT-301D. I 

ROSS DISTRIBUTING CO. 
208852-0830 Preston, Idaho 83263 

Established 1957 

I Dealer fw  Yaesu Atlas Drake Icorn, CIR Dcntmn, 
Swan, Rohn d ~ ~ ,  bushcrak, ~ y - ~ a i i  Tempo, 
Midland, M ~ J ,  Mosley, Covercraft. I 



( State of the Art in VHF FM Repeaters! 1 
100% Solld State 

Exclusive MOSFET/ 
Hot Carr~er D~ode 

reduces lM 

Front Panel Controls for t imers 
& AF levels 
Built- in AC Supply, w/ instant  
btry.  sw~tchover  
Built- in lDer - field 
programmable. Fully adjustable 
State of the Art CMOS logic for 
control, t lmers,  and  lDer 
Accessory jacks for Autopatch, 
Remote Control, etc. 
S u p p l ~ e d  w/Sen t ry  xtals & 
Turner local mic 
True F M  - for audio qual i ty  
so qood that "it sounds 
like direct"! 
Rcvr. Sens.: 0 .3uV/20dB 0 1  
Selectivity: - 6 d 0  @J 

2 6 . 5 k H z ;  -90dB @ 
2 3 0 k H z .  ( - l l O d B  @J 
2 3 O k H z  w/op t .  8 pole f l t r . )  . . 

Some Plain Talk A bout Repeaters - 
Let's face it - your repeater group's success or failure hinges on the qually and reliability of your "Machine"! 

SPECCOMMREPEATERBOARDS 
That's why the engineers at Spec Comm dedicated themselves to the production of the finest A l l  A s s e m b l e d  T e s t e d  
repeater available on the amateur market. The SCR1000 has beer1 conservatively deslgned for years of I : SCRlOO Rcvr Ed. Same sens. & set as SCR1000. 
trouble-free opetallon, and every cons~deral~on has been glven to operator convenience and accessory lnteda~lng. Very w ~ d e  dynamic range. Malnly IC. Exc, audio 
Features l ~ k e  lull rneterlng, l~ghted status ~ndlcalors. full lront panel conlrol of every important repeater parameter. quality 9115 00 ~ 1 . 0 0 0 5 %  xlal. 

and accessory lacks for aulopalch, xmtr Control, elC. And audio fl SCTIOO Xmtr. & Exciter Ed. - 6 Wts. Output. True 
so ood and so full, your 30 walls will sound l ~ k e  100' FM lor exc aud~o $1 15 00 ~ 1 . 0 0 0 5 %  xtal 

fhlnk about it, and think about your users. The purchase of n BA-10 30 WI. Amp. Ed. & Heat Sink. 3 sec. LPF & 
a Spec Comm Repeater is a sound investment in your owr, sensor $51 95. 
group's future, and they'll be lhanklng you for years to Come1 CTCIOO COR/Timer/Control Ed. - Complete COR 
Sold Factory D~rect only. $899.95. w/Carr~er 'Hang' and T 0. Tlmers, remote xmtr. 

Don't make a mistake - your group deserves the flnest! Call control. etc. $32 95 
or wrlte the hams a1 Spec Comm today lor further info1 1.1 I0100 CW lDer & Audio Mixer Ed. - Diode prog. 

memory Ad] tone, speed, level & tlme 4 lnput AF 
mlxer & local mlc amp. $59.95 programmed. 

FORMERLY OF WORCESTER. PA. Send f o r  Data Sheets. 

Options available: Ouplsxsrs, 'PL'. 8 P0l8 
Rcvr. Fltr.. HI/Lo Power. Multi-Freq.. stc. 
- inquire. SPECTRUM 1055 W. GERMANTOWN PK COMMUNICATIONS NORRISTOWN. PA 19401 (215)631-1710 

i j i j i ~ i i y  '5' ~ ' ~ - P c B ;  20 -bg. i ns t ruc t ion  
8. assembly  m a n u a l .  

NEW "CIR-KITS" AVAILABLE 
MODEL 11765 - m i n i a t u r e  1%" x 2* 
C W  Beacon  l D e r  (great  f o r  1750M band)  

Code speed  p rogrammab le .  ONLY 
$ 19.95/KITb 
MODEL 11764 - semi-au tomat i c  m o d -  
u la ted  CW IDer. 1.7" x 3" PCB ad jus tab le  
code  a u d ~ o  leve l  p r o g r a m m a b l e  c o d e  
speed  t o n e  & repea t  interval .  ONLY 
$79.95/KIT* 

Memory elements factory programmed to your 
specifications (254 bits maximum). 
MODEL 1776 u n i v e r s a l  a u t o / h o m e  
a l a r m  con t ro l  modu le .  
MODEL 1777 a l a r m  t i m e r  m o d u l e  f o r  
1776. 
,.Cal~f. res. add 6% tax. Incl. $2 shpg./hdlg. $4 for. 
W r ~ t e  for additional 
information. 
AVAILABLE NOW! p. 0. 24899 
Send check or MO to: 
Phone (408) 294-8383 I SECUR'TRoN "" 95154 

1: 1 Handymen! Hobbyists! bi , 
DO-IT-YOURSELFERS! Q/ 
L e t  K e s t e r  S o l d e r  aid y o u  in y o u r  h o m e  r e p a i r s  o r  h o b b i e s .  F o r  t h a t  h o u s e h o l d  
i t e m  t h a t  n e e d s  r e p a i r i n g  - a  r a d i o .  TV, m o d e l  t r a i n ,  j e w e l r y ,  a p p l i a n c e s ,  m i n o r  
e l e c t r i c a l  r e p a i r s ,  plumbing, e t c .  - S a v e  m o n e y  - r e p a i r  i t  y o u r s e l f .  S o l d e r i n g  
w i t h  K e s t e r  i s  a s i m p l e ,  i n e x p e n s i v e  w a y  t o  p e r m a n e n t l y  ' j o i n  t w o  m e t a l s .  

W h e n  y o u  S o l d e r  go " F i r s t  C l a s s "  - u s e  K e s t e r  S o l d e r .  

F o r  valuable s o l d e r i n g  i n f o r m a t i o n  s e n d  s e l f - a d d r e s s e d  s t a m p e d  e n v e l o p e  to 
K e s t e r  f o r  a F R E E  C o p y  o f  " S o l d e r i n g  S i m p l i f i e d " .  

KESTER SOLDER 
( Litton 4 2 0 1  W R I G H T W O O D  A V E N U E I C H I C A G O ,  I LL INOIS  60639 

I 
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CRYSTAL FILTERS and DISCRIMINATORS 
9.0 M H z  F I L T E R S  Drave Power 1 0  W PEP max 

Output P o m r  5 0  W PEP max 
Power Supply 115 V A.C. 

tams a high power triode 
amplifier (2C39A) wi th  malch- 

X F 9 0 1  8998 .5  kHz USE 
X F 9 0 2  9001.5 kHz LSB 
X F 9 0 3  8999 .0  kHz B F O  

EDL144 amplifier. Receiving 
A L S O  A V A I L A B L E  F R O M  K V G  is wlth a MMc50 or MMc144 
10.7 M H z  C R Y S T A L  F I L T E R S  
O S C I L L A T O R  C R Y S T A L S  5 0  k H z  TO 150 M H z  

W r i t e  f o r  D e t a i l s  

432 MHz SSB TRANSVERTER, MMt432-28 
i EDT144-28 144-146 MHz 

Use your HF Transce~ver on the 432 MHz band wi th  the addition of the 
MMt432 latiear Transverter. The MMt432 operates on a l l  modes; SSB, CW, 
AM, FM. I t  contains BOTH the I~near transmit up-converter and the re- 
crave down-converter. An internal PIN diode T/R connects t o  your Trans- 
ceiver T/R line. The MMt432 is F T l O l  and similar HF r i g  compatible. Add 
the 70/MBM48 MULTIBEAM and operate direct into OSCAR 7 mode B. 
Wr i te  for applacation nole. 
Spec i f i ca t i ons :  S h i p p i n g  V i a  UPS. A t  Cos t .  
Output Power 1 0  W PEP 
Drive, 10  meters % W max 

ta:n 9.5dB i n  each plane, 50Q feed. 
A L S O  A V A I L A B L E :  For OSCAR communications add 
M M t 4 3 2 - 2 8  M K 4  Circular polarization harness, PMH/2C $9.70 

Also available for 2 meters: 
8 over 8 J-Slot, M o d e l  D 8 / 2 M  

SSB Tranmrters  
FM Transverters 420450 MHz 

48 clement J-Beam MULTIBEAM 
Gain +15.7 d8d. Feed 5 0 9  coaxial. 
M o d e l  7 0 / M B M 4 8  $47.95 

International, Inc. 
Post Office Box 1084 $ 54.45 1250-1340 MHz 

R1061 or W 
AM3007 amplifier or accessories 

490-T Ant. Tuning Unit SPS SOS units also wanted 
(Also known as CU 1658 We stand on our long term offer to pay 5% more (Also known as MRC95, 
and CU 1669) than any other bonafide offer. ARC94, ARClO2, or VC102) 
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UTILIZES NEW MOS-LSI CIRCUITRY 

You've requested it, and now it's herel The CT-50 frequency. SPECIFICATIONS 
counter k i t  has more features than counters selling for twice the Sensitivity: less than 25 mv. 
price. Measuring frequency is now as easy as pushing a button, the Frequency range: 5 Hz t o  60 MHz, tvpically 65 MHz 
CT-50 wil l  automatically place the decimal point in all modes, giving Gatetime: 1 second, 1/10 second, wi th automatic decimal 
you quick, reliable readings. Want t o  use the CT-50 mobile? No point positioning on both direct and prescale 
problem, it runs equally as well on 12  V dc as it does on 110 V ac. Display: 8 digit red LED .4" height 
Want super accuracy? The CT-50 uses the popular T V  color burst Accuracy: 10 ppm. .001 ppm with TV time base! 
freq. of 3.579545 MHz for time base. Tap of f  a color TV with our Input: BNC, 1 megohm direct, 50 Ohm with prascale option 
adapter and get ultra accuracy - .001 ppml The CT-50 offers Power: 110 V ac 5 Watts or 12 V dc @ 1 Amp 
professional quality at the unheard of price of $79.95. Order yours Size: Approx. 6" x 4" x 2". high quality aluminum case 

Color burst adapter for ,001 ppm accuracy available in  6 
. . . . . . . . . . . . . . . . . . . . . . . . . .  CT-50, 60 MHz counter k i t  $79.95 weeks. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CT-50 WT, 60 MHz counter, wired and tested . . . . . . . . . . .  159.95 CB-1, k i t  $14.95 
CT-600, 600 MHz prescaler option for CT-50, add . . . . . . . . .  29.95 

VIDEO TERMINAL 

blue (specify). 
Clock kit, DC-5 . . .................. $22.95 
Alarm clock, DC-8, 12  hr  only . . . . . . . . . .  24.95 Complete Kit, EN-9 ................ $4.95 
Mobile clock, DC-7 . . . . . . . . . . . . . . . . . .  25.95 
Clock k i t  wi th 10  min ID timer, DC-10 . . .  25.95 

ter hidl alt(~nateh/ 
Use for name badges, 

.89 NPN 2N3904 type 10/$1.00 
.75 566 1.49 309H 
.79 567 1.49 340K-12 

Complete trwla rwu1al.d p o w  luWv P** 
~ , d l t  M ~ ~ ~ M c  115 -Its a, 2 M  mA and +5 volt1 

FND 359 . . . . .  .75 
FNDTIO . . . . .  1.25 
DL 707 . . . . . .  1.25 
HP 7730 . . . . .  1.25 
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FREE g;EiEs;L.+ 
WITH MANY ITEMS. 

ADVA 
KIT $1.195. 
ASSEMBLED $17.95 
ADD $1.25 FOR 
POSTAGEIHANDLING 

VARIABLE POWER SUPPLY 
Continuously Variable from 2V to over 15V 
Short-Circuit Proof 
Typical Regulation of 0.1% 
Electronic Current Limiting at 300mA 
Very Low Output Ripple 
Fiberglass PC Board Mounts All Components 
Assemble in about One Hour 
Makes a Great Bench or Lab Power Supply 
Includes All Components except Case and Meters 

- - - - - -. 

I OTHER A D V A  KITS: I M O R E  SPECIALS: 
RC4195DN '15V 4 WmA VOLTAGE REGULATOR I C  Vary easy to 

UY Makes a mat Htyhly H~uI.IIRI . l 5 V  SUPP~Y lo, OP AMP'S. BIG 

Rsqulres only unrsqalntRl DC 118-MVI am1 2 bypass upscnlorr. 
Wr lh  Data Sheet and Schstnallr% 8 P ~ U  ml j lP 51 25 

LM741 FRtOCOMPFNSATEDOP AMP. ~~A741.MCl741,stc mDlP 5 lS1 
MC1458 DUAL 141 OP AMP mDIP 3151 
HC4558 DUAL 741 0 P  AMP mDIP 3151 
2N3iIO4 NPN TRANSISTOR AMPLlFlERiSWlTCH to50 mA . 100 6151 
Z t N t  HS Slactly Voltage 3 3. 3 1). 4 3. 5.1. 6 8. 8 2 400mW 4 n l  W 

'I I, 10. 12. 15. 16. 18, 20. 22. 24. 27.0, 33V 1'1091 1 Wat t  J'S1 00 

LOGIC P R W I  KIT Usr ~ 8 t h  CMOS TTL DTL RTL. HTL.  "#NIL am mass Mos Ic % 

Rv*, m ,"nl.rlmn 4.l"tl ""1*d. ?...."I .* "nmallw D l n o l l z  . Irr m* t o a n  r.rr.,,, 
llml 1 1 ~ ~ 1  t F" l..n)lll CYPI.I. LII Iwl~dl ad <ll0 *m WLV (71% 
rlxro R I G U L ~ ~ C D  Pwrn SWLV KITS vm.trllru,t pvDt *,tn ~h.,~.., n,., . . .q 

l.rn,llnp CnmNn .I,. .r.l I*lwC.l ~*l"I.l.m 0 7  0 5% -4.. t h "  *.l I.. mnll @."lo*.< 
mawtt &r.Irhl. I n  5" 6" B Yarn* 9" * M A ,  IW *a-A (5" * 1 
-6 % I ,  ."a,, h"..ll.l.n. 

1h.w -1 Io n r m f 4 .  1rr8uk .I! mmtxmn?~ mrnpln. l*,.116 mwluom. am! ~ I a l - l  

'#O.*, rr. ,."fa, P a  uw. Ll,. lb no, <Wlu(. ur a m,.t. MO 1 1  11 R I  ,I, ,<I. 

M l q . d  -I,* 

IN914 100V 1OmA Dads ?O!51 MPF102200MH1 RF Am" 
lk4001 I W V  1A Il.rl 15 S1 40673MOSfLT RF Amp 
l h4 lC r4  30" IN914 2 ' ~  S1 LU324 O..rl 741 OD Amp 
BH l  CUV A BIICIW R.r 4 91 LM316 PC,, Volt Reg n8OlP 
7h2272A hPk 1*.8tnarto# G 51 NL!,','> T o o n  mnlP 
2 h Z O U I  PhP l,.rnhlax 6 51 L M I 2 3  3 31V Reg DIP 
?h'lnrl!, Por.r XIOW 10A G9 L M l 4 l  Camp 00 Amp mDIP 
7h3'104 h P h  An?%, SI 100 6 91 LM1158 Odnl 741 mnlP 

M O N E Y - B A C K  GUARANTEE 
A L L  TESTED A N D  GUARANTEED 

?MA11 -1 CREE DATA SHEETS dl*( rt!h rnnm , l n n v  f.rm ml. r( F R C I  ON 
R I O U I S 1  7.8 hr am. rlrn n..r 0.d.l ol $5 a mow 149 Dual h. Amn ol tu Elm 
6 6 ,  ,*,,n r m  "l IIool no., ,l)l>Ml..0 p.01,o I I ,  7 ,  (In. I," ,,.m*l ".Cl.l 

O R D ~ R  7001" 61, l t n l  u h ~ t  10 mlo, ulr -rl mr., uhlm mar-. rlthnut 
411 ~llrn..r. n-ulPlul ml. IW lumwnallv I.sS.d 

WRITE FOR FREE U I A L O O  #18 olle.mr. o r .  154 mrnmndu~or) c y l d  %nrl 
Irm l.Ml,rn" 

ADVA ELLcTRoNlcs 
BOX 4181 0, WOOOSIDE. CA 94062 

2NJ11OG PNP Amp Sw 1W 6 51 CA30RG5 Trans Array DIP 
CPG',O Power FET Am11 $5 RC41'15DN 15V150mA mDIP 

RF391 RF P o w r  Amo Tra<rnnar 10 25W * 3 MMHr TO 3 
555X Tlnlst 1~2% 1111 Dlllcrenl ~,n!aut lrom 555 IwMncal 3/51 
RC41!34TK Dud T r i n n g  Hwlator 0.2 lo  3, P 200mA TO. $2 501 
RC4195TK Dual Trucknnq Reqol.otor .15V C 100ntA I T 0  661 52 25 
8038 Wavalarm Gsnnract,r Won, Wnlh C~#cuals & 0.1. $3 75 Tel. (415) 851-0455 

IC-22s 
141 MH7 FM 1 0  W 

TIlANSCEIVEH 

IC-245 
1.16 MHz FM 10 W 

TRANSCEIVER 

IMMEDIATE DELIVERY 
SHIPPING PREPAID I N  USA 

MASTERS ';'9\"2:~ 
COMMUNICATIONS 

7025 N. 57th DR. 
GLENDALE, AZ 85301 

PHONE 
602-939-8356 

I 
Multi 

HALF-SIZE FULL PER 
-Band HF Communic; 

I H D  THOUSANDS IN U S  

MOR-GAIN H D  DIPOLE SPECIFICATIONS 
MODEL BANDS LENGTH PRICE 

(Meters) (feet) 
40-20 HD 40/20 36 549.50 
40-10 HD 40/20/15/10 36 59.50 
80-40 HD 80/40 + 15 69 57.50 
75.40 HD 75/40 66 55.00 
75-40 HD (SP) 75/40 66 57.50 
75-20 HD 75/40/20 66 66.50 
75-20 HD (5P) 75/40/20 66.50 
75-10 HO 75/40/20/15/10 74.50 
75.10 HD (SP) 75/40/20/15/10 74.50 
80-10 HO 80/40/20/15/10 76.50 

NOTE: 75 meter models are factwy tumu IU rrwrtate at 
3950 KHz. (SP) models a1 ~ned to resoa 
3800 KHz. 80 meter mode y tuned to r 
at 3650 KHz. 
WHY MOR-GAIN? 
NOVICE LICENSE OPERATI R-GAIN HD 

MOR-GAIN H D  Dipoles . . . 
One hal f  t h e  len  h o f  conven- 
t iona l  half.wave $poles. 
Multi-band, Multi-frequency. 
M a x i m u m  efficiency - n o  traps, 
load ing  coils. o r  stubs. 
Fully assembled a n d  pre-tuned - n o  measuring, no cutting. 
Proven per fo rmance - m o r e  t h a n  
10.000 have been delivered. 
Permi t  use o f  t h e  fu l l  capabi l i -  
t ies  o f  today's 5.band xcvrs. 
O n e  feedline f o r  operat ion o n  
a l l  bands. 

re factory tu 
Is are factor Lowest cost /h igh 

ance antenna o n  
today. 

es t  perf01 
t h e  m a r  ke t  

Highest per fo rman 
v ice  as  we l l  a s  tl 

c e  f o r  t h e  I 
i e  Extra-Cli ON. The MD '... 1*- "au 

~ 

Dipole is the ideal antenna ,", .,,, ...a or Nwice 
operator. As the Novice progresws to higher license 
classes he can eas~ly re-tune the HD Dipole to the 
new f;eqaencies of his higher liceme frequency priv- 
ileges. The HD bipole Is thus a one-time investment. 
HD Dipoles are available for all Novice frequencies. 
LEAST COST. Dollar for dollar, the HD dipoles a n  
the highest performame least cost multi-band antennas 
on the market today. For Example: the 5-band 75-10 
HD dipole costs less than 315.00 per band - an 
unhalable low cost. 

n,-. 

teed ONE ' 

LI~ITED E. When ma an- 
tenna imt. mited, the H the 
ideal solut,,,,. v ~ r a ~ u u n r  on 80 /75 /4~ rr8.L.r. ,, now 
possible since the HD dipole is only half the length 
of a conventional half-wave dipole. For all-around 
operation, the HD dipole will outpcrforrn any trap 
loaded horizontal or vertical dipole. 

-r. 

Guarani  YEAR. 

REAL ESTAT 
allation is li 
:"" ,,---a:..- 

I estate for 
D dipole is 
In ,..... 1- 

Contact  your  favor l te  dealer o r  o rder  dlrwt f r o m  MOR-GAIN today. Wr i te  f o r  f u l l y  descr lpt iva 
four  D a m  brochure. 

actured & Guaranteed 
MOR-GAIN 

OOL South  4 t h  Street 
enworth. Kansas 66041 

(913) 682-3142 

2 2  
Leav 
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 earc cat^^? 1 fi Features Bearcat r _  11 1 I I 1-1 J 
Crystal-less-Without ever buylng a crystal you can 
seI,t from all local frequenc~es by amply pushing a few Specifications 
htnttons . - . . . . . . - 
Decimal Display-See frequency and channel Frequency Reception Range 
nurnhrr-no guesslng who's on the alr Low Band 32-50 MHz 
5.Band Coverage-Includes Low H~gh. UHF and UHF . . H ~ ~ "  ~~~d 
"T' plrhl~c serv~cv hands. the 2 meter amateur (Ham) 

146-148 MHz 
hand plus other UHF frequencies 3; :::: 148-374 MHz 
Deluxe Keyboard-Makes frequency selection as easy 450--470 MHz 
as urlnq a push button phone Lets you enter and "T" Band 470-512 MHz 
rhang;frequenc~es easlly try everything there IS tn 
hear 
Patented Track Tuning-Rece~ve frequenc~es across the 
lull hand w~thout adlurtrnent Clrcultry IS automattrall~ 
aligned to each frequrncy rnonltored 
Automat~c Search-Seekand hnd new vxcltlng 
frrquenc~es 
Selective Scan Delay-Adds a two second delay to 
prvvent rnlsslng transrnlsslons when calls and 
answers are on the same frequency 

Automatic Lock-Out-Locks out channel5 and skips 
frrqu~ncles not of  current Interest 
Slmple Programming-Simply punch In on the 
kryhoard the frequent y you wlsh to monltor 
Space Age Circu~try--Custom Integrated clrcults a 
R<,orror trad~tlon 
Ul. LlstediFCC Certified-Assures qual~ty derlgn and 
manufacture 
Rolling Zeros-Thls Beorcot exclusive t ~ l l s  you whlch 
channels your scanner IS rnonltonng 
Tone By-Pass-Scann~ng 1s not lntermpled hy rnoblle 
telephone tone s~gnal 
Manual Scan Control-Scan all 10 channels at your 
our1 pace 
3-Inch Speaker-Front mounted speaker for more 
sound w~ th  less dlstortton 
Squelch-Allows user to eHectlvely block out unwanted 
notre 
ACIDC-Operates at homr or In the car 

'Also receives UHF from 416-450 MHz 
Size 

10%" W x 3 "  H x 7%" D 
Weight 

4 Ibs Roz 
Power Requirements 

117V ac. 1 lW. 13 8 Vdc. 6W 
Audio Output  

2W rms 
Antenna 

Telescoping (suppl~ed) 
Sensitivity 
O 6 p v  for 12 d B  SINAD on  L & H 
bands 
U bands sltghtly less 

Selectivity 
Better than 6 0  d B @  ? 25 KHz 

S c a n  Rate 
20 channels per second 

Connectors  
External antenna and speaker. AC & 
DC power 

Accessories 
Mounttng bracket and hardware 
DC cord 

The Bearcap 210 is a sophisticated 
scanning instrument with the ease of 
operation and frequency versatility 
you've dreamed of. Imagine, selecting 
from any of the public service bands 
and from all local frequencies by 
simply pushing a few buttons. No 
longer are you limited by crystals to a 
given band and set of frequencies. It's 
all made possible by Bearcat spaceage 
solid state circuitry. You can forget 
crystals forever. 

Pick the 10 frequencies you want to 
scan and punch them in on the 
keyboard. It's incredibly easy. The 
large decimal display reads out each 
frequency you've selected. When you 
want to change frequencies, just enter 
the new ones. 

Automatic search lets you scan any 
given range of frequencies of your 
choice within a band. Push-button 
lockout permits you to selectively skip 
frequencies not of current interest. 
The decimal display with its exclusive 
"rolling zeros" tells you which 
channels you're monitoring. When the 
Bearcat 210 locks in on an active 
frequency the decimal display shows 
the channel and frequency being 
monitored. 

With the patented track-tuning 
system. the Bearcat 210 automatically 
aligns itself so that circuits are always 
"peaked" for any broadcast. Most 
competitive models peak only at the 
center of each band, missing the 
frequencies at the extreme ends of the 
band. 

The Bearcat 210's electronically 
switched antenna eliminates the need 
for the long low band antenna. And a 
quartz crystal filter rejects adjacent 
stations as  well as noise interference. 

Call. toll-free 800-521-4414 now to 
place a BankAmericard or Master- 
charge order. This is our 24 hour 
phone to our order department and 
only orders may be processed on this 
line. To order in Michigan or outside of 

TM - - ! the U.S. dial 313-994-4441. 

COMMUNICATIONS ' C ; Add $5.00 for U.S. shipping or $9.00 
' for air UPS to west coast. Charge cards 

ELECTRONICS I or money orders only please. Interna- 
tional orders invited. Michigan resi- 

Box 1002, Dept. 25 dents add tax. Please write for 

AnnArbor,Michigan48106USA quantitypricing. 
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flea market 
RATES Non-commercial ads 10c per 

word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-proflt 
organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our editing). Repeat inser- 
tions o f  hamfest ads pay the non- 
commercial rate. 

COPY No spec ia l  layout or ar- 
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
capitals) and must Include full name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radlo cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness o f  material limlted to cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

HW-101, HP-23 - 5300. KLM Echo 11 2 Mtr USBILSB - 
$235: Heath Twoer. D C, supply - 530; F.O.B. NGKM 272 
Fourth St. East. Sonorna. CA 95476. 

-- 

BUY.SELL.TRADE write for free maller. Glve name, 
address and call letters. Complete stock of malor brands 
new and reconditioned eauicrment. Call for best deals. 
We buy Collins - Drake-Swan etc. SSB 6 FM. 
Assoclated Radlo. 8012 Conser. Overland Park. Kansas 
66204.913-381-5901. 

QRP TRANSMATCH wlth Preamp for HW7 Ten-Tec. 
Send stamp for details to Peter Meacham Assoclates. 19 
Lorreta Road. Waltham Mass. 02154. 

PC BOARDS Prescaler ( l lC90)  Dec. 1975 $3.00, 
Capacitor Checker. April 1975 $3.50 Glass Plated. 
Drilled. Instructions, parts source. RTC Electronics, Box 
2514. Lincoln. NE 68502. 

CANADIANS 1,000,000 surplus parts. Bargalns 
galore. Free catalog. Etco.HR. Box 741. Montreal. 
H X  2v2. 

MOBILE IONITION SHIELDIN0 provldes more range 
with no noise. Available most englnes. Many other sup. 
presslon accessorles. Llterature. Estes Englneerlng, 930 
Marine Dr.. Port AnQele.3. WA 93862. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham RMlo Austrla Ham Rmlo Holland 
Uarln Uowr MRL Fctronocs 
POIII~C~ 2454 Porlbus 88 
D 7854 Loemch NL 2101 Dellt 
Wosr Germany Holland 

Ham Ralo Belglum 
Slsreahouss 
Bn~ssslsnslcenweg 418 

Ham RMbIlaly 
8 921RG~n l  

STE Vla Manlago 0 

Aelpnjm 
I MI 34 Mtlano 
Italy 

Ham RmloCanada 
B o x  114 Godsrlcn 
Ontarlo Canada N7A 315 Ham Radlo Swltzerl.nd 

Uarln Usbar 
Ham RWlo Eurow Posffsrn 2 %  
Box 444 

D 78% Loerrech 

S 1% M UpplandsVasby Wr-1 Garmany 

Swmlnn 
Ham RMIo France Ham Radio UU 
Chr~st~nnaMlchsl P 0 Bar 63 Harrow 
F89111Parly Mladlasex HA38HS 
France England 

Ham RMlo Germany 
Uatln Uawr Holland Radlo 
Po3ttach 2454 l43Orwnwey 
0 78% Loerrach Gr~nstde Johannesburg 
We11 Germany Republic at South Atrlca 

WANTED: U43 or U53 MHT - 1130 BC or 1190 BC. 
Please state prlce, model. and condltion. WA7PUD. 1720 
9th N.E., East Wenatchee, WA98801. - 
PORTA PAK the accessory that makes your mobile real- 
ly portable. 567.50 and 588.00. Dealer Inquires In. 
vlted. P.O. Box 67. Somen. Wlsc. 531 71. 

NEED Hammarlund HQ.110 and HO-180, Autek 0F.l. 
Heath SB.620 and lnexpenslve Oscilloscope. State prlce. 
condition, shipping arrangements. Also wish l o  swap 
ARRL Handbooks. Callbooks, magazines. Rlden TV. 
Sams Photofacts 1650-X1000. WRTHs. Broadcasting 
Yearbooks. RADEXs and similar with other collectors or 
wtll purchase mentioned items. Don Erlckson. 60594 
Essex. Riverside. California 92504.714687.5910. 

RADIO MUSEUM now open. Free Admission. 15.000 
pieces of equipment from 1850 telegraph Instruments to 
amateur and commercial transmitters of the 1920's. 
Amateur station W2AN. Write for lnformatlon. Antique 
Wlreless Assn.. Main St., Holcomb. N. Y. 14469. 

&WATT OUTPUT 40 meter solld-state transmitter. 582. 
Has bullt.ln power supply and PIN diode TR switch. 
W7ANF. 38 E. 15th St.. Tempe. AZ85281. 

- 

OSL - BROWNIE W3CJl - 30358 Lehlgh. Allentown. 
Pa. 18103. Samples wlth cut catalog 506. 

HTlW - (2m) Wanted. QSTs pre-1934 wanted. WlBL. A1 
Blank. 727 Plne St.. Brlstol. CT 08010. 

TRAVEL PAK QSL KIT - Send call and 256; recelve your 
call sample kit in return. Samco, Box 203. Wynantsklll. 
N.Y. 12198. - 
HAM RADIO MAOAZINE - Complete from March 1968. 
Vol. 1. NO. 1. thru May 1977. Perfect Condltlon. $55. 
WAZEIT. 18 Linden Place. Summlt. NJ 07901. 

STOP LOOKINO For a good deal on amateur radloequlp. 
ment - you've found i t  here - at your amateur radlo 
headquarters in the heart of  the Mldwest. We are factory. 
authorlzed dealers for Kenwwd. Drake. Collins. ICOM, 
Ten-Tec. Atlas. Regency. Tempo, Swan. Midland. Alpha. 
Standard. Dentron. Hy-Gain. Mosley. Cushcraft, and 
CDE, plus accessorles. Thousands of thrifty hams from 
coast to coast already know us and we Invite you to join 
them by wrltlng or calllng us today for our low quote and 
trying our personal and frlendly Hoosier service. 
HOOSIER ELECTRONICS. P. 0 .  Box 2001. Terre Haute. 
Indiana 47802. (812t238.1456. - 
1/18' EPOXY BOARD Single $1.25 + .75e per Ib. Double 
51.35 + ,754 per Ib. 1 Ib. Approx. 180 sq. In. Hauck Elec. 
lronlcs. 1928 Fa~racres Ave.. Plttsburgh. PA 15216. - 
MOTOROLA HT220, HT200. and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 3204439. evenings. - 
WANTED: 4CX250K (W6ROZ) 1330 Curtls, Berkeley. CA 
94702. - 
RECONDITIONED TEST EQUIPMENT for sale Catalog 
5.50. Walter. 2697 Nickel, San Pablo. Ca. 94806. 

TECH MANUALS - for Govt. surplus gear - 58.50 each: 
SPBOOJX. URM.25D. 0s-BAIU. TS-173UR. Thousands 
more available. Send 50c (coin) for 22-page llst. W3IHD. 
7218 Roanne Drlve. Washlngton. DC 20021 

- - 

TRANSMITTER TECHNICIANS - Voice of America has 
opportunltles for quallfied lechnlclans at VOA stations 
In California. North Carolina, and Ohio. Dulies include 
operatlonslmalntenance of hlgh power shortwave 
transmitters and related tacll lt les on shift basis. 
Mlnlmum quallficatlons: 3.years broadcast chief 
engineer 5 to 50 KW, or 3-years supervisor of opera- 
tionslmalntenance hlgh power military transmitting 
plant, or equivalent. U.S. citizenship required. Salary 
$1519.000. Submlt standard government appllcatlon 
form. SF-171 to: VOA Personnel Office, Code 05-77. 330 
Independence Avenue. S.W.. Washington. D.C. 20547. 
AN EOUALOPPORTUNITY EMPLOYER. - 
MAGAZINES - Ham Radlo 1988 through 1974. OST 1968 
through 1974. Wlll shlp to best offer. Otto Cordray. P.O. 
Box 242. Caldwell. Texas 77836. 

FREE catalog. Solar Cells. Nlcads. Kits. Calculators. 
Digital Watch Modules. Ultrasonics. Strobes. LEOS. 
Transistors. ICs. Unique Components. Chaney's. Box 
27038. Denver, Colo. 80227. 

THE "CADILLAC" of OSL'sl New! Samples: $1.00 
(Refundable) - MAC'S SHACK; Box X1171.D; Garland. 
Texas 75040. - 
DUPLMER - Two-meter, four cavity. 80 dB. Isolation. 
S180.00. Myron WA6BLB. 1234 S. Dollner. Vlsalla. CA 
93277. - 
MODERN CODE PRACTICE. 022wpm on four 80 mln. 
cassettes. 510. Royal. P. 0. Box 2174. Sandusky. Ohio 
44870. 
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NEW - 2027 
DUAL ENCODER 

The 2027 dual encoder has both Touch. 
Tone and Sub-Audible tone on  one smal l  
board. Simple installation i n  most  radios 
requires only three connections: ground. 
p lus  VDC and tone output. The encoder 
itself s l ~ p s  over the pins of either a 12- 
key or  16.key DIGITRAN R' keyboard. 
The 2027 also offers: - individual tone level controls - power by  9-16 VDC, unregulated - replaceable plug- in tone elements - EIA tone frequencies f rom 67.0 Hz 

t o  203.5 Hz. Other EIA frequencies 
available on  speclal order. - reverse polarity protected 

F'riced at: 
$71.96 for  2027A. 12.key keyboard 
$78.95 for  20278. I d k e y  keyboard M 

TG.1A TG.3A 

IMPROVED - the TG-1A and TG-3A 
Both have same features as before, 
but with improved output and small- 
er output level control, and, best of 
all, still the same price. 
TG-IA $24.95 T G - 3 A  $56.95 
E x t r a  tone elements $3.00 each. 
All encoders are wired & tes ted .  

Sizes: TG-IA - 1.0" x 1.2" x 0.6" 
T G - 3 A  - 1.6" x 2.0" x 0 .6  

COMING SOON - 
a CTCSS encoderdecoder 

Also, st i l l  available, t he  Trans Corn IC-22s 
Frequency Encoder pr iced a t  $69.95. 

ORDER FROM 

- T i - a r m s @ ~  

P. 0. BOX 120 
ADDISON, ILL. 60101 

Ill. residents add 5% sales tax 

> 



flea market ALOELCO SEMI.CONOUCTOR SUPERMARKET 
RF DEVICES 
2N3375 3W 400 MHz .......... 5 50 2NB080 4W 175 MHz ........ 5.40 

SASE for my lists of old tubes, magazines. ltterature for 
sale. Harold L. Hasbrouck. 1157 Palms Blvd.. Venice. CA 
90291. 

IN3866 I W  400 MHz .......... 1.15 2N-1 15W I75  MHz ........ 8.45 
2N5589 3W I75 MHz ..... .4.75 2N6082 25W 175 MHz ...... 10.95 
2N5590 10W 175 MHz ...... 7 BO 2N6W3 30W 175 MHz.. ... 12.30 
2N5591 25W 175MHz ...... 10.95 ZN608440W 175 MHz ...... 1630 
2SC517.. ........................ 3.95 2SC1307 ............................ 5 25 
2SC1226. ......................... 125  2N4427 .............................. 135 
2SC1306 .............................. 4.30 2N51W .................. .. ........ 205 

Two Elements $129.00 
E x t r a  Elements $90.00 
Price is F.O.B. Transcona 
LNCLUDES U.S. Customs 
Duty 

TELETYPE EQUIPMENT for beginners and experienced 
operators. RTTY machines, parts, supplies. Beginner's 
special: Model 15 Printer and demodulator 5139.00. 
Dozen black ribbons $6.50: case 40 rolls 11116 perf. tape 
$17.50 FOB. Atlantlc Surplus Sales. 3730 Nautilus Ave.. 
Brooklyn. N. Y. 11224. Tel: (212)372-0349, 

NOW NEW IMPROVED OlClTAL ALARM CLOCK KIT Hours 
M8nut.s . Seconds d~lplayed on six BIG 0.5 Farrchold 7 Sqmsnl 
D8lplay LEDS 12.hour formal 24.hour alarm wtth snooze feature. 
plus ellmed time indouror a d  freeze lealure Eqhl pages of 
p~ctor,als md mrtructoonl. NEW on .brd  power trrn$lwmer and 
clrCu8lrv for 00t10n11 tom base ~8th s~mul.led -d gram cabonst 

$23 95 
12/24 Hovr Clock Kit Six big .5 LEDS frwn fnturc wtth sirnulatad 
wwd cabln.1. $73 95 

&lMl. 40.MHt FREWENCV COUNTER KIT 4 t h  mnnay. 9 12 
roll DC. OW1 -racy. KII mmpletc w~lh l10V AC plup-on and 2" 
x 4%" x R" cabnnrl ONLY $99.95 
Ansmbled Unml Camplne 1149 95 
C0rnl"O soon 100 ' 600 u** o,.,C.*r .It, 

VARIABLE POWER SUPPLY KlTS - WJ Ma. 5-15 VDC tB.95 
12 28 VOC $695 73 c.nts~.. "nta tnn008n~ 

KIT COMPLETE WlTH 

'BOOM WHERE 

COLLINS 5153. Product detector. 6DJ6 High Gain Mixer. 
$350.00 W6RQZ. 1330Curlis. Berkeley. CA 94702. 

MOBILE BONDING STRAPS under SOC each. Literature. 
Estes Engineering. 930 Marine Drive. Port Angeles. 
Wash. 98362. 

HENRY K.2000 Linear. just over 1 year old. Perfect match 
for TS500. Price Is $500.00 or best offer. WQKHB. Bill 
Ogden. Rt. 2. Annandale. MN 55302. 

WINNER OF MANITOBA 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
Buy two elements now - a third and 
fourth may be added later with little 
effort. 
Enjoy up to 8 db  forward gain on DX, 
with a 25 d b  back to front ratio and 
excellent side discn'mination. 
Get maximtrm stnrcttrral strength with 
low weight,  using our "Tridetic" 
arms. 

ZEWERS 
1N746to lN758400Mwea. .25 IN472810 IN4784 I w .......... 28 

.......... IN2876 RCA RF ............ $10.95 CA 3028A Dl l  Amp $1.50 
MPSAI4' ....................... .90 8080A .......................... $1895 

FERRITE BEADS: wlspeclflcatlon and application sheet. 
10151.00. Assorted PC pots. YS1.00. Miniature mlca trim- 
mers. 3-40 pf. - 5151.00. Postpaid. Includes latest catalog. 
Stamp for catalog alone. CPO Surplus. Box 189. Brain. 
tree. MA 02184. 

2N3055 ............................... 99 LM309K Volt Reg . . . . . .  1.10 
Ml'F 102 FET ...................... 55 2 ~ 5 4 0 1  ................................. 98 

~ : E , ~ ~ : : : , : : , : : , ' 4 / ~ ~  21LOZ-I ................. 8 lor 117.50 
MJE 340 (7N5655l ............ $1 10 

2N6103 .................. 63 

40673 FICA FET . . . . . .  11  55 Amp lWOVol' Rap' 10'sl 

74  I or 709 Porn DIP. ...... 25 2NG103 l6 Ampto 220 ..... 
555 TOM . . . . . . . . . . . . . . .  75 ~M7Wof LM747 Mtn Dr. ...45 
VHF F e r r ~ l e  a=&.. . .  1561 w LM741Cor T05OP Amp ....... 45 

.... . 1W Volt 75 Amp Bzo* $1 M 14 or 16 Pcn IC Sock~ts 30 
1 ~ 9 1 4  1 ~ 4 1 4 8  . .  15:l m MPSA 13 ISPS~~DOI ............. BO 

SELL: ROBOT 70A monitor. 61 vlewflnder. BOA camera 
wlth 25mm 1.4 lens, 8 and 15 foot camera cables. 
Orlglnal carlons and Instruction books. Recently factory 
callbrated. $500. Gordon Buckner. WWZK. Box 721, Mar- 
shall. MO 65340. 

IN34 IN60 IN64 lolor 99 MP5U 31 I W  30MHz 99 
We hare 74W wr!n ICs wnd stamp lor otr-.. 

Add  5% fw Ihoppmg Mtn wderS10 00 Outol USA m d C r r h d  
Chsk or Momy Order Includcpolr.~c 

EXCLUSIVELY HAM TELETYPE 23rd year. RlTY Journal. 
articles, news. DX. VHF, classlfied ads. Sample 3%. 
53.50 per year. 1155 Arden Drive. Enclnltas, Calif. 92024. 

RTTY DEMODULATOR - ST8 wlth AFSK and Autostart 
5150. James Thompson. P.O. 1612, Falrmont. WV 26554. 
304-363-7405. GEM QUAD PRODUCTS 

Box 53 
Transcona, Manitoba 

Canada R2C 225 
Tel: (204) 866-3338 

RUBBER STAMP, namelcelllQTH $2.50 ppd. (CA 
residents add tax). LWM Press. Box 22161. San Dlego. 
CA 92122. 

2281H Babylon Tnpk.. Merrick. NY 11566 
(5161 378.4555 DATAPOINT CRT ASCII. comouter terminal. fullv 

guaranteed. $795.00; 44 ~ ' 8 8  mri  torolds. ~6.9Ydozen. 
Telecom.. Box 4117. Alexandria. Vlrginla 22303. 

TELETYPEWRITER PARTS, gears, manuals, supplies. 
tape. torolds. SASE list. Typetronlcs. Box 8873. Ft. 
Lauderdale. FL. 33310. Buy parts, late machines. 

SB.102 Ex. Cond. wlth 2.7 kHz fllter (L homebrew supply. 
Asking $400 (will talk). WA2HIP. East Greenbush. NY 
12061.518-477-4744. 

WHATS GNU WlTH LaRus? Factory-authorized dealer 
for: ICOM, Regency. Standard. Cushcraft and CES 
Touch-Tone pads. Also stock Antenna Specialists 2. 
meter 9 8  wave mobile antennas and Bomar 2-meter 
crystals for the above radios. Mastercharge and 
BankAmerlcard accepted. For the greatest deal call or 
write LaRue Electronics, 1112 Grandview St., Scranton. 
Pennsylvania 18509. (717) 343-2124. 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use wlth our C H A N -  
N E L I Z E R  or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

New ITEMS . . .  New BARGAINS! 

FREE UPON REQUEST! 
If you haven't rece~ved our new Cata- 

log, write for free copy today. Address: Dept. HR 

SELL Balley xtal oven TC02L wlth 100 kHz xtal. $3.00. 
4-125 $5.00 each. 6146 $2.50 each. Shlelded wire similar 
to RG.l74U, 4 cents a foot. Johnson HV. Variable. 
150E30 55.00. WJHZJ, 4523 Ashburner Ct., Philadelphia, 
PA 19136. 

VERY Inder-est.lng1 Next 4 Issues $1 "Ham Trader 
Yellow Sheets," Sycamore. IL 60178. 

POWER SUPPLIES - Brand New 2.5 amp. Less 
regulator clrcult. You add. Wlth clrcult plans. $13 PP. 
Telstar Ent.. E. 16109 Longfellow. Spokane, WA 99216. ELECTRONIC KEYBOARD CABINETS 
DISCOUNTS - KLM. Larsen. Brlmstone. Stereo 
Systems, Pollce Monltors, etc. Catalog available. 
BankAmerlcard (L Mastercharge. 201-962-4695 Namid 
E lec t ron ics .  61 Be l l o l  Road, Ringwood. N.J. 
07456. - 
HAM CRYSTALS avallable, 2-meter and 220 MHz FM. 
Manufactured In USA. $3.95 each crystal. non-oven. Free 
2-meter catalog. Custom Crystals. Inc., 7616 Burllngton, 
Omaha. NE 68127. Bank cards welcome. Include your 
Interbank number and expiratlon date on credit card 
orders. Allow for shipping charges. 

TRANSMITTING TUBES. HV and filament xfmrs, rotary 
Inductors, transmlttlng capacitors. Send stamp for flyer. 
T.S. Marinich Electronics. 102 Bell St.. Welrton. W. Va. 
26062. 

TWO SIZES W D H PRICE 
14 8 3  3 $1350 
14 11 3 3 $14 50 

MANY OTHER ELECTRONIC 
COMPONENTS AVAILABLE 

SYNTHESIZER KlTS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

BRINGS NuData Electronics 
104 I I l f l S W  S t .  I O U I I I  P I O S P I C I .  1111ll01S 6 D O I l  

Fits any HT. Only 3.5 mA current 
drain. Kit prlce $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELKTRONKS IMAGE INTENSIFIERS WANTED, systems or tubes. 
Preferoneor two stage types wlth fiber optic faceplates. 
Will pay top price. contact Bruce Ashcraft. 19M) Scott 
Blvd.. Santa Clara. CA 95050. 60 Autuninwood Dr.. Buffalo. N Y. 14227 
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I SPECSCAN-S Programmable Scanner I 
... I The ONLY Digital Scanner made for the IC-22s. It adds a whole new 
dimension to 2M FM. If any other accessory can make your IC-22s as ver- 
satile as the SPECSCAN-S does, Buy It! 

' S c m s  the  mtlm 146147 M H z  Band  In 15 kHz  slops, rut* 
matlcally, or manual ly 
Exclualve VARI.SCANTM cont ro l  a l l ows  fu l l  cont ro l  o f  scan  
rate I n  el ther dlrectlon! 
Fu l l  compat lb l l l t y  w l t h  t he  dup lex  mode. 
Uses s ta te  o f  t he  art CMOS loglc. 
L o w  current dmln. Less  t han  500 mA. 
R F  Immune. Unaffected b y  nearby o q u l p m m t  and In hlg 
R F  areas. 
Large LED d lsp lay  I e t s  y o u  sea every channel  a t  a glance. 
Manual m o d e  feature Ie ts  y o u  scan  past  any por t lon  o f  t he  
band  and  manual ly select a des l red channel. 
Can b e  used  as  a remote un l t  w l t h - t h e  m d l o  h ldden  unde r  
t he  seat, etc. 
Easy Installation. Uses on l y  o n e  matr lx pos l t lon  Ieavlng t he  
o ther  21 useable f o r  manual  programming. 
Automatically mads  o u t  your  other 21 channels when  they 
are used. 
P lugs I n t o  9 p l n  accessory socket. 
Adlustable scan delav feature. . - - -  . .- .--- - 

90 day l lml ted w a m n i y  

ONLY I 4 9 E t e u r  Net 

SPECIAL PRE-WIRED PRICE 
BRAND NEW IC-22s WITH 

SPECSCAN DIGITAL SCANNER 
~ 0 t h  f o r  o n l y  $398.00 

DIPOLE HEADQUARTERS 
I f  you've been having trouble f ind ing t he  parts for that d ipo le  project, you've been look lng 
I n  t he  wrong places. Our  large s tock  o f  antenna accessories makes your project a snap. 

CABLE 
. . . . . . . .  . . . . . . . . .  8U FOAM, hi density braid. 50' $11.95 RG58, 5 ft. wlPL259 on each end. $3.63 

8U FOAM. hi density braid. 100' . . . . . . . .  .22.00 RG58.12 ft. wlPL259 on each end. . . . . . . .  .4.46 
. . . . . . . .  . . . . . . .  RG58AlU. stranded center. 100'. .7.95 RG58.50 11. wlPL259 on each end. , 7 3 4  

. . . . . . . . .  . . . . . . . . .  RG58. 2 ft. wlPL259on each end 3.05 GUY WIRE, steellplastic. 10011. .4.95 
RG58.3 11. wlPL259 on each end . . . . . . . .  .3.35 

COPPER WIRE 
. . . . . . . .  . . . . . . . . . . .  U14 STRANDED. 100' spool .$5.95 U14 SOLID, enameled. 100' spool $5.95 

INSULATORS 
. . .  . .  AIRPLANE style, porcelain ins., wt. .2 lb 2/$ .99 HY GAIN t l 5 5  center insulator, wt. 1.5 Ib $5.95 

. . . . .  . .  DOG BONE style, porcela~n ins.. wt. .2 Ib. 311.25 HY GAIN Cycolac end ins. pair, wt. 1 Ib. 3.95 
. . . .  NAIL KNOB style, stand OH ins.. wt. .3 Ib . .  4l1.20 MOSLEY dlpole center insulator, wt. 1 Ib. 4.25 

CONNECTORS and ADAPTERS 
. . . . . . . . . .  . . . . . . . . . . .  PL259. UHF male conn . 2  lor f 1.49 M359.90 deg. UHF elbow conn $1.69 

. . . . . . . . . . . . . .  . . . . . . . . . . . .  S0239. UHF female, chas. mtg .69 UG88U. BNC male for RG58. .89 
. . . . . . . . . . . . .  . . . . . . .  UG175, Adapts RG58 to PL259. . 2  lor .49 1094. BNC female chass~s mtg .89 

. . . . . . . . . . . .  . . . . . . .  UG176, Adapts RG58 to PL259. .2 for .49 M358. UHF "T"  connector. .2.10 
. . . . . . . . . . . . . . .  . . .  PL258, UHF double female .99 UG255, Adapts UHF temaie to BNC male. , 2 3 9  

. . .  . . . . . . . . . .  DM-SP. UHF double male conn .1.69 UG273. Adapts BNC female to UHF male. .1.59 
M IN IMUM ORDER $10 + SHIPPING 

'See us at Cleveland Hamfest, Parma, OH, Sept. 10; Radio 
Expo, Grays Lake, IL, Sept. 17-18 and Louisville Hamfest, 
Louisville, KY, Sept. 25. 

Thanks for your great response to our 1977 Buyers Guide. The 
78 Buyers Guide will be available soon. Watch our ads to get 
your NEW-BUYERS GUIDE. 

1 

Dmke 1525EM 
Pushbutton encodlng microphone is prawlred for 
use with TR-33 transceiver: can be used with 
almost any FM transceiver by modlfylng connec- 
tions. No Internal batte takes 12 VDC from 
transceiver. Uses state-or-ihe-art IC technology. 
Reliable Dig~tran* keyboard. impedance: 500 
ohms. Wt.: 1 Ib. 

. $49.95 incl. shipping continental U.S. 

Model 43 
II rn + shipping 1 
@%[ib 

I . . .  
. . If you have been having di f f icul ty 

iocat ing t he  Wattmeter o r  element lust 
right f o r  you. You may have been 
looking i n  the wrong places. Our large 
inventory o f  most  common elements lets 
you get what you want when you need 
it. G ~ v e  us a cal l  f irst for your BIRD 
needs. 

SPECTRONICS, INC. STORE HOURS HOURS: 

1009 GARFIELD 
Mon-Thun  9:306:00, Fri. 9:30-8:W 

OAK PARK, IL. 60304 Sat. 9:30-3:W. Closed Sun. 6. Holidays. 

31 2-848-6777 
lYlUlWl 

TELEX 72:8310 e 
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NEW NEW 
NEW 

Exciting Products 

DATA SIGNAL 
AND 

DIGITRAN KEYBOARDS 
Styk A Styk 8 Style C 

7 8 9  
* O P  

* O #  

2'h" x 3" 1%" x 246" 2%" x 1%" 

Styk D Style F Style G 

I' 7 8 s 
1 0 0  - . rr 

. ,I 

246" x 246" 2" x 2 11/16" 2%" x 2 11/16" 

SUB-MINIATURE 
TOUCH TONE ENCODERS 

MODEL SME - Smallest available Touch 
Tone Encoder. Thin, only .05" thick. key- 
board mounts  direct ly t o  front o f  hand- 
held portable, while sub-miniature tone 
module f i ts inside. This keyboard allows 
use of battery chargers. Price $34.50, w i th  
your choice o f  keyboards. 

MODEL DTM - Completely self-contalned 
miniature encoder f o r  hand-held port- 
ables. Only 5/16" thick. Three wire con- 
nection. Automatic PTT keying optional. 
With your choice o f  keyboards. Price: 
DTM - $49.50, DTM/PTT - $59.50. 

TOUCH TONE ENCODER 
WITH AUTOMATIC DIALER 

MODEL 204 - Completely self.contained 
12-digit Touch Tone Encoder with one 
automatic telephone number. Only 5/16" 
thick, f o r  use on  hand-held portables. 
Price $89.50 w i t h  your choice o f  keyboard. 

MODEL 205 - 16-digit keyboard allows 
for 12.digit manual  encoding with auto- 
mat lc  pushbutton keying o f  u p  t o  four  
telephone numbers. For hand-held port- 
able operation. Price $109.50, Styles D 
and G keyboards only. 

DO-IT-YOURSELF KITS 
Or, tf you prefer, al l  components neces- 
sary t o  bui ld your  own encoder may  be  
purchased "ala carte". 

Your choice o f  any keyboard .................. $8.50 
Digital  1.1. Encoder IC  1 U 1 0  ............... $9.50 
1 MHz  ULTRA SMALL Crystal  ............... $5.95 
P. C. Board 0.8" x 1.2" and a l l  resistors 

and  capac~tors  ......................... $3.50 

Albany, GA 31707 
912-8834703 

flea market 
Coming Events 

MEMPHIS IS BEAUTIFUL IN OCTOBER! The Memphls 
ARRL.sponsored Hamfest, bigger and better than the 
4.500 who attended last year. will be held at State 
Technical Institute, Interstate 40 at Macon Road, on 
Saturday and Sunday October 1 and 2. Demonstrations. 
displays, MARS meetings, flea market, ladies flea 
market, too! Hospitality room, informal dinners. XYL 
entertainment, many outstanding prizes. Dealers and 
Distributors welcome. Contact Harry Simpson W4SCF, 
PO Box 27015. Memphis. TN 38127 lor further infor- 
mation. 

ADRIAN HAMFEST, Adrlan. Mlchlgan. Sunday. 
September 25. 1977 at Lenawee County Fairgrounds. 
Prizes every hourl Flea Market, trunk sales. Advance 
tickets $1.50; $2.00 at door. Tables available. Contact 
Adrian A.R.C., Box 28. Adrlan, MI 49224 (517) 2658016. 

MELBOURNE. FLORID& SEPTEMBER 10.11. The 12th 
Annual Melbourne Hamfest wlll be held Saturday and 
Sunday, from 9 a.m. to 5 p.m. each day In the alrcondl- 
tloned Melbourne Civic Auditorium located on Hibiscus 
Boulevard. Donation is 52.50 per person. Full program in- 
cludes forums, meetings, auction, swap tables, commer- 
cial exhibits, awards, prlzes, etc. Contact K4HPT. 2749 
Herford Road. Melbourne. FL 32935 for swap table reser- 
vations. FCC exams on Saturday, donation not needed 
for exams. Form 610 must be filed with FCC. Room 919. 
51 S.W. First Avenue. Miaml. FL 33130. not later than 
August 31. 1977. Hamfest talk-in on 2985 and 52152. 
Sponsored by Platinum Coast Amateur Radio Society. 
For more info write P.O. Box 1004. Melbourne. FL 32901. - 
"OREATER LOUISVILLE HAMFEST Sunday Sept. 25. 
1977. Kentucky Fair and Exposition Center. West Wing 
Pavilion. Indoor exhlbltors area. Indoor and Outdoor 
Flea Market. Admisslon $2.00. Vendors. admlsslon plus 
$2 indoors space or $1 outdoors space. For further info. 
or hotel, motel or camplng reservations contact K4GOU. 
Denny Schnurr. 2415 Concord Dr., Louisville, KY 40217. 
phone #(502) 634.0619." 

SANaAMON VALLEY Radlo Club Second Annual 
Hamfest on Sunday. September 25th, at the Sangamon 
County Fairgrounds, New Berlln. Illlnols. 16 mlles west 
of Springfield. Indoor display area and covered pavilion. 
Exhibits, food and ladies activitles. Overnlte camping! 
Tickets: $1 advance. $1.50 at gate. Flrst Prize - Wllson 
HT. Talk-In: 146.281.86 and .52 MHz. Information: WE4 
OWR. Carole Churchlll. 622 Magnolia. Rochester. IL 
62626. - 
NORTHEASTERN STATES 180 Meter Amateur Radlo 
Association annual electlon and banquet. Saturday, 
October 8. 1977 at Kozel Tavern. 5 mlles northeast of 
Hudson. NY on Rt. 9H. Flea market in rear parking lot 
starting at 1 PM. Dinner at 6 PM. Forany further informa- 
tion, write or contact Wt EUB. Sec. Treas. on 160 meters. 

- 

HAMARAMA '77 6 Mld-Atlantic States VHF Conference. 
Conference to be held Oct. 1. Treadway Inn on Easton 
Rd.. Willow Grove. PA 19090. Flea Market to be held Oct. 
2. Bucks Country Drlve-In Theater. Easton Rd.. Warrlng- 
ton, PA. For furlher lnfo contact Ron Whitsel. WA3AXV. 
P.O. Box 353. Southampton. PA 18966. Phone: 
215-355-5730. 

CLEVELAND. OHIO Hamfest, Saturday, Sept. 10th at the 
German Central Farms (Deutsche Centrale). 7883 York 
Road at Sprague. Moblle check-ins and lnfo on 146.52 
from 0800 wlth WBQV. Large Picnlc area. Family and Y.L. 
Activities, large Flea Market. lndoor Commercial 
Displays. Eats for all. Grand Prize at 1530. Donations 
$2.00 at Main Gate. owning at 0700. Flea Market add'l 
S1.W per car space -- old kush  at 0800. For info write: 
Cleveland Hamfest Associatlon, Box 43413. Cleveland. 
Ohio 44143. - 
NEW YORK Radlo Amateurs of Greater Syracuse (RAGS) 
Hamfest Saturday, October 8 from 9 A.M. to 6 P.M. at 
the Syracuse Auto Auction. 4 miles south of Syracuse, 
N.Y. on U.S. Route 11 between Nedrow and LaFayette. 
Flea market. CW and wlrlng contests, forums, panels 
and eyeball QSOs. Lunch counter, nearby campslte and 
Apple Festlval for the famlly. Talk-in on 31191. Tickets 
are $1.50 before October 1 and $2.00 at the gate. For fur. 
ther information. contact Roger Hamllton. WA2AEW, c/o 
RAGS. P.O. Box 68. ~iverpooc New York 1 W .  

- 

HAMFEST Llrna. Ohlo. October 9. The Northwest Ohlo 
ARC 3rd annual hamfest at the Allen Country Falr- 
grounds. Two lawe bulidings, tables and table space 
available. Dealers welcome. For lnformatlon and reserva- 
tlons write. N.O.A.R.C.. P.O. Box 211. Lima, Ohlo 45802. 
Phone 640-3433 or 991-2716. 

( EVERYTHING FROM A TO Z IN EECTRONCS I 
I YAESU I --. - YAESU 

HF SSB 
FT- IO lE ,  
16O.thru 1OM 

$729. 

POWER TRANSISTORS FOR AMATEUR USE 
J l O l  UNDERWOOD CAPACITORS 

I I .  Check or M.O. with order. 
drder 2. BankAmericard or Masrereharp 
3 E.2 3 C 0, Ll 120'% deposit, pleasel. I 

-....- .". 
FREE brochures I end particulars 

CASH FOR 2-WAY FM RADIO 

M O ~ ~ ~ ~ E *  %!F?~ZA"~~?"M'OPBF;~F.~~ 
TELEPHONE< REPEA'TERS R E M O ~ E  CONTROLS, 

TONE EQUI~MENT, 2-WA?TEST EQUIPMENT 
Operat~onal Unlts Only 

Cornrn~ssions/Finders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIF.'F12 
Telephone 24 Hwrs 408/998-4444 

DIPOLE /ANTENNA CONNECTOR 
HVE-QUE (HQ-1) d,~,ole connector 
ha% rcln. 511 .'I9 sorkrf  molded rnto 
glarr  Illled pla\l,c body to accept 
c o r z  PI 759 oiue on l ~ r d l n n e   rap. 
Lap k C r m  Con. IsltlnRr dry Inrlruc. 
tlons lncludcd Guaranteed At your 
dealers or 13.95 patpaid. Com- 
panson ~ n r v l n l o r r  2/3.99. 

BUDWIG MFG. CO. PO e o ~  97n. ram on..^^ 92065 





We Stock a Com- 

plete Line of Pow- 

dered Iron and Fer- 

FERRITE BEAD ASSORTMENT 

Includes convenient plastic storage box and 
dozen each of FB43-101, FB43-801, F864- 
F864-801, FB73-101 ' an& FB73-801 plus 
spec sheets. Value $7.50 for $6.95. 

NOW I N  STOCK 

Transmitting Variables - Roller Inductors 

TEXAS I N S T R U M E N T S  
I N C O R P O R A T E D  

Electronic 
Calculators 

TI-30-SP $18.95 

TI-1750 21.95 

TI-5015 69.95 

TI-5050M 84.95 

TI-5040 99.95 

TI-5100 44.95 

4P 
Bus. Anal. 29.95 

SR-40 25.95 

SR-51-11 49.95 

SR-57 65.95 

SR-58 99.95 

SR-59 229.95 

PC-100A 149.95 

Software 29.95 

Texas Instruments Microelectronic 
Digital Watches from $9.95 (TI-503) 

Hewlett-Packard Calculators 
10% discount from list. 

Add $2 per unit for shipping. CA shipments add 
6% sales tax. Send cashiers check or money order 
for immediate delivery (personal checks must clear). 
Most items shipped from stock within 48 hours. 

The Calculator Shop 
1160 Marsh Street 

San Luis Obispo, CA 93401 
(805) 544-1432 

122 september 1977 

flea market 
CINCINN'ATI HAMFEST: 4191 Annual - Sunday 
September 18. 1977 at the improved Stricker's Grove on 
State Route 128, one mile west of Ross (Venice) Ohlo. 
Flea Market, Contests, Model Aircraft Flying, Food and 
Beverages all day. Advance Ticket Sales $7.50 - Tickets 
at the Gate $8.00 - covers everything. For further in- 
formation: Lilllan Abbott KBCKI. 1424 Main Street. Cin- 
clnnati Ohio 45210. 

CHICAGO'S RADIO EXPO '77, September 17 8 18. 
Manufacturer's exhibits, seminars on amateur radio and 
microprocessors, thousands of dollars in door prizes. 
QCWA banquet Friday night at Mundelain Holiday Inn. 
lndoorloutdoor flea market open for set-up Friday 
evening. Tickets $2advance, $3 at gate. Radio Expo, P.O. 
Box 1014. Arlington Heights, lL 60006. 

- 

BLOSSOMLAND annual fall Swapshop. October 2nd. 
Berrien County Youth Fair Grounds, Berrien Springs, 
Michigan. Large, convenlent facil it ies. Prizes, 
refreshments, fun. Open ail nlght for set-up. Table space 
restricted to radio and electronic items. Advance ticket 
donation $1.50. Tables $2. Write: John Sullivan, P.O. Box 
345, St. Joseph. Mich. 49085. Make checks payable to 
Blossomland Hamfest. 

IOWA Cedar Valley Amateur Radio Club Hamfest, Sun- 
day, October 2, 1977. Top prizes are Atlas 210X XCVR. 
Wilson 1402 SM HiT, Heathkit HW.8,QRP CW XCVR. 
Clegg FM-76 XCVR, plus much more. Technical taiks 
featuring Doug DeMaw WlFB. Manufacturers and 
Dealers welcome. Talk-in on 146.181.76, 146.52, 3.970, 
and 223.5 MHz. Advance tickets $1.50, $2.00 at the door. 
Write CVARC Hamfest, Box 994, Cedar Rapids, Iowa 
52406. 

NORTHWEST GEORGIA ARC annual Rome hamfest will 
be held at the Cossa Valley Fairgrounds. Oct. 9. Gates 
open at 9:00 A.M.. Talk-in 146.34194. For more info con- 
tact WB4AEG, H.D. Dale, Box 274, Adairsvilie, GA 30103. 

ANNUAL GABFEST, Uniontown Amateur Radio Club, at 
the Club Grounds, on the Old Pittsburgh Road Union- 
town, PA., September 10, 1977, the Saturday after Labor 
Day. - 

AMSAT annual meeting Saturday. October 8, 1977 at the 
Goddard Space Flight Center Employees Recreation 
Center in Greenbelt, MD. Everyone is invited. The after- 
noon session of technical and general interest talks, 
initiated last year, has been greatly expanded and will 
begin at 1 P.M. The meeting location is easily accessible 
by major highways, and parking is at the door. For a map 
and a list of talks please send an SASE to AMSAT. Box 
27. Washington, DC 20044. 

LAST SPECIAL EVENTS CALLSIGN (KC3F) issued to 
Keystone Country Festival, Sept. 10 8 11 in Altoona, PA. 
The caiisign is issued to the Horseshoe Amateur Radio 
Club of Altoona The Keystone Country Festival is a 
large arts &crafts festival held at Lakemont Park, 4 miles 
south of Altoona. Horseshoe A.R.C. will be operating 
KC3F from a portable setup both days from 1400 UTC 
until 2300 UTC. Special QSL cards issued to each two- 
way confirmed contact. All frequencies with 20-40.75-80 
getting most preference. VHF on simplex as well as 
146.011.81 and 1471751.15 2m repeaters. SASE for QSLing 
to W3TEF via Callbook address. 

NEW YORK CITY FLEAMARKET Sunday. September 25. 
9 A.M. to 4 P.M. Raindate - October 2nd at the Hall of 
Science, 111th St. and 48th Avenue, Queens. N.Y. Raffle, 
Museum, Fun. Sellers $2.00. Buyers $1.00. Parking $1.25. 
Info. (212) 699-9400. Talk-in .401.00. 

THE SEMARA ANNUAL PICNIC AND FLEA MARKET will 
be held on September 11 at the Stackhouse Street Fair 
Grounds, South Dartmouth, Massachusetts. Talk-in on 
147.6011 47.00. 

LANIERLAND A.R.C. Fourth Annual Hamnic will be held 
on September 18, 1977 at the Dogwood Pavilllon of Lake 
Lanier Islands. Main prize ICOM 22-S. Talk-in on ,071.67. 
Please contact Terry Jones WB4FMJ for further infor- 
mation. 

Stolen Equipment 
STANDARD SRC 828M %meter FM Transceiver. SN; 
104207. Stolen from Bill Meyers. WBMCS, 303-777.3353. 
27 June 1977. 942 E. Mississippi. Denver, Coio. 80210. 
Has following Frequencies installed. 1.) 146.94-94. 2.) 
52-52, 3.) 16-76, 4.) 34-94, 5.) 2E88, 6.) 88.88, 7.) 31-91, 8.) 
148.01.01, 9.) 37-97, 10.) 19-79. 11.) 25-85. 12.)91-31. Has 
KMGA scribed on receiver board, receiver crystal board 
has been rebuilt. Channel 12. 91-31 transmit is 450 cps. 
high in frequency, transmit trimmer for this channel is 
different from others. 

THE S(I-AUTO KEYER 

I a m b i c ,  Sending 

Dot and Dash Memories 

Built-in Key 

Regulated AC Power Supply 

Sidetone with volume/tune con- 
trol. Pitch internally adj. 

Available with Reed Relay or Tran- 
sistor grid block output 

Heavy Alum. two-tone Cabinet. 

Available a t  your dealer or  order direct. 

SQ-Auto w i t h  Key $56.95 

SQ-Auto without Key $47.95 

Specify - R Reed Relay Output 

- T Transistor Grid Block 

K. E. ELECTRONICS 
2931 "F" WEST CENTRAL AVE. 

SANTA ANA, CALIF. 92704 

MILITARY I SURPLUS WANTED 
I 

- - . . . - - - 

Space buys more and pays more. High- 
est prlces ever on U.S. Military sur- 
n111s esoec~allv on Collins eauioment 

I br-paris.y\'\(e bay freight. Cali collect 
now for our hlgh offer. 201 440-8787. 

SPACE ELECTRONICS CO. - . . . - - - - - - 
I dlv. of  M ~ l ~ t a r y  Electronics Corp. 

35 Ruta Court. S. Hackensack. N.J. 07606 

Fully Iambic both OIT & OAH paddle memories, 
self completing characters, automatic spacing & 
weighting, sidetone output, transistorized output 
that keys grid block or cathode keyed rigs, speed 
from 5 to 40+ wpm. The Paddles are on a beau- 
tiful finished wood base. 

K i t  $39.75 wi th  Paddles $65.00 
Assembled $56.95 wi th  Paddles $80.00 

DAYTRONICS P. 0. BOX 426 

COMPANY ~ E ~ ~ ~ F ~ E Y % & ~  I 
ore Details? CHECK-OFF Page 142 



I IF WE WERE YOU 

-the indispensable BlRD 43 
THRULINEW WAllMETER 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTION 

AUTHORIZED 

DISTRIBUTOR 
WEBSTER COMMUNICATIONS 

115 BELLARMINE 
ROCHESTER, MI 48063 

313-375-0420 
'T.M. of BlRD ELECTRONIC CORP. 

6 BAND OPERATION - ] FOR ALL AMATEUR HF lnYl v nNr LIEAT SMALL T R A N s M R s  GuARAN- I 
I 
- . . - - - - - 
ANTENNA. FOR CONG- TEED FOR 1,000 WATTS 
ESTED HOUSING AND I POWER LIGHT. NEAT 
APARTMENT DWELLERS1 WEATHERPROOF I 
Compl.1. a. shewn Ute1 I.nCh 10211. WUh 90f t .  01 5 2  ohm 
RG68U eo.. and PL259  eonn.stov. HI-lmp.st molded reso- 
n.nt traps. (w. 3 ox. I". 5'' long) You Just tune to desked 
band for e.seH.nt report.! E.c.ll.nt lor ALL wovld - wlde 
rssewor. and am.1.u. tr.n.mHtcr.. For NOVICE AND ALL 
CLASS AMATEURS1 NO EXTRA TUNERS OR GADGETS 
NEEDED1 Ellmln.to. 5 sep.r.1. .ntann.s wRh axsellon1 
parformmnc. gu.r.nt..d. Can b. used as Inverted V. NO 
HAYWIRE n o u s E  APPEARANCE! EASY INSTALLATIONI 
80-40-20-16-10 meter bmnds. Complets . . . . . . . 539 .95  
40-20-15-10 meter band.. 54-1,. ant.. . . . . . . . . 1 3 8 . 9 5  
20-15-10 mat.. b-nd.. 24-(1. ant. . . . . . . . . . . . L37.95 

SEND ONLY f 5.00 (c..h. sk.,moJ and pay postman bm1.n~. 
COD PIUS ~0~1.9. on .rtlv.l or send lull w e  for PP. dal. 
8.nrAmerk.rd- - - Ma.1.r CM.0. - - - Ph 308-236-5333 
Fraa Inlo. .v.ll.bl. only from. WESTERN ELECTRONICS 
Osot AH- 9 Keamer. Ne8ra.k.. 68847  

We have the worlds largest selec- 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page 
ad in the April 1976 issue of this 
magazine or call or write for addi- 
tional information. Phone orders 

, accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

THE FM LEADER 

FEATURING THE.. . 

The Master in 2 Meter FM 

Positive performance at a 
practical price makes our 
H R-2B tops on 2 meters. 

Individual trimmer capacitors 
give bull's-eye accuracy for 

working repeaters or point-to- 
Channels point. The .35pV sensitivity and 
Watts Hi/Lo power switch insure your 

hearing and being heard . . . clearly 
2900 Amateur Net and reliably . . . the Regency way. 

. . . AND THE 
;$sQ \ 

H R -440 UHF-The Ultimate in FM 

use UHI 
b u 

440 is fresh . . . it's new . . . ' and with our HR 440 you can . .. . F without using-up your 
~dget. So, pioneer some new 

ground ! Put a compact H R 440 
under your dash or at your desk. 

It's the best way to usher vourself - -  - 

into UHF. 
$349 00 Amateur Net 

~ ~ C ~ ~ ~ E E C T R O N I C S .  INC. 7707 Records Street 
@ 1978 q,.. ..... ,. . ,o.r .tate an Indianapolis, Indiana 46226 



I and HF too. .  ./I 
I SATELLITE / I 

HEADQUARTE 
See Erickson 
for all of your 
Oscar 
communications / I  ' I 

Call or Write for I needs! 
1 

Erickson's Deal 
Ameco ASP Atlas 
Belden Bird CDE 
CES* Collins Cushcraft 
Dentron Drake HAL 
Hy-Gain Icom KLM 
Kenwood Larsen MFJ 
Midland Mosley NPC 
Newtronics Nye 

I Regency Shure Swan 
Standard TPL Tempo I 
Ten-Tec* Wilson *Y 

Hours: 9:30-9 Mon. & Thurs, I 9dO-530 Tues. Wed. & Fri. I 
9-3 Sat. 

at! 
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1 G H t  
FREQUENCY 
COUNTER 

1 0 H z t 0 1  GHz , :  R 

.0002% Accuracy 
3 0  m v  Sensitivity 

I 8 Dig i t  Display Bu i l t  i n  V H F - U H F  Prescaler 
High Stabi l i ty T C X O  Time Base Selectable Gate Times 1 ms & 1 sec. 
Oven Control led Crystal* Sensitivity - 1 0 0  m v  @ 1 GHz I 

T I M E  BASE SPECIFICATIONS I 
T C X O  Oven Control led Crystal* I 

Frequency 10.000 MHz 10.000 M H z *  I 
Temperature 
Stabi l i ty - + 2 p p m  15" t o  55O C f .5 p p m  0' t o  60° C *  I 

*optional 
1 GHz k i t ,  CTR-2-1000 w i t h  T C X O  $399.95 
1 GHz Factory Assembled CTR-2-1000A $499.95 I 

LDAVIS ELECTRONICS 636 Sheridan Dr., Tons., N.Y. 141 50 7161874-58481 

TEST EQU I PMENT 
All equtpment listed is operational and un 

cond~t~onally quaranteed Monry back 11 not 
Sat~sfled cqutpment belnq returned #nust be 
shappcd prepald. Include check or money order 
wllh ordrr. Prlces include UPS or motor lrrlqht 
CharQeS. 

. . .  BOONTON l9OAQ m t r  30 2OOmHz $425 
BOONTON 202E A M  F M  siq gen 

. . . . . . . . . . . . . . . . . . . . . . . . .  54 216mHz 425 
. . . . . . .  DE I TDU 4 30mHz video display 55 
. . . . .  GR1001A L F  sig gen 5kHz SOmHz 385 

HPlOOER Freq  stand .05 par ts /mi l  
. . . . .  Outputs 10,100Hz; 1,100,100kHz 155 

HP160B(USMlO5) l5mHz scope w i th  
. . . . .  reg horiz, dual trace vert pluqs 375 

HPIMB(Mi l )De lay  sweep for above . . 130 
HP170A(USM140) 30mHz Scope with 

. . . . .  r c q  horiz, dual trace V f r t  plugs 475 
HP175A 50mHz scope wi th  req 

. . . . . . . . .  horiz, dual t racever t  plugs 565 
HP185A Sampling scope to 1 gHz 

. . . . . . . . . . . . .  1868 xstr rise t ime plug 585 
. . . . .  HP202B L F  OSC .5Hz 50kH2 1 0 ~ 0 ~ t  75 
. . . .  H P205AG Lab audio gen .02 20kHz 195 

. . . . . . .  HP212A Pulsegen .06 5kHzPRR 65 
HP524D Frcq  counter basic range 

. . . .  lOHz 1OmHz extends w/pluq ins 195 
HP540B Transosc to 12.4gHz for 

. . . . . . . . .  use w/HP524 tyoe counters 145 
. . . . . . .  HP616 Sig gen 1.8 4gHz F M  CW 365 

HP686 Sweep gen 8.2 12.4qHz sweep 
. . . . . . . . . . . . . . .  rangc4.4mHz 4.4gHz 495 

. . .  HP803A VHF Ant bridge50 500mHz 135 
SOLITRON 200A SCR tester - al l  

. . . . . . . . . . .  functions w/scope output 135 
. . . . . . . .  Tek l8 l  Time mark  scopecalib. 55 

. . .  Tekl9O Sig gen(const ampl)  50mHz 125 
Tek536 l l m H z  X Y scope - uscs 

. . . . . . . . . . .  two letter series pluq ins 295 
Tek565 Dual beam 10,mHz scope 

. . . . . . . . . . . . . .  less pluq Ins (3 se r~es )  625 
. . . . . . . . . .  TS505 Std V T V M  ( r f  500mHz) 65 

For complete lost of all test equlpmrnt 
Scntl stamped. sell addressed envelopr~ 

GRAY Electronics 
P.O.Box, 941, Monroe, Mich. 48161 

Spec~al~z~nq In used test equ~pment 

TRAGIC WASTE OF RF 
could be your fate as precious watts zag-zag round 
theworld to shower just a little - or little or 
none - on that hoped for DX station. BUT WE 
HAVE AN ALTERNATIVE - THE JOYSTICK VFA 
(Variable freq. ant.) whlch gives low angle, omni- 
directional, harmoni; free radiation on all bands 
160 thru 10 (+ MARS and receiw on all BC & 
SW). Stalwarts W6TYP and G4DJY achieved 
notable results in contests - just to mention two 
of the many who have sent glowing reports of the 
VFA in use, oftell in poor QTH and/or under QRP. 

250W P.E.P. &/or SYSTEM 'A' $75.00 . . Rece~v~ng Only SYSTEM t j '  $99.00 500W P.E.P. &/or Im- 
proved Q Factor Receive 

Air Mail cost included 
(each system 3 sectlons easily assembled to make 
unit 7' 6" long. Matching ATU.) Not only will 
you save space but you will save SSS at present 
low exch. rate and by buying direct UK manuf. 
Rl~sh your order - Mastercharge or check, or 
ask for brochure. 

PARTRIDGE (HR) ELECTRONICS LTD. 
BROADSTAIRS. KENT, ENGLAND 

G3CED TEL THANET 62535 G3VFA 
L 

SST T-1 RANDOM WIRE ANTENNA TUNER 
At,  ,,,I",, .. m....... .. 060 1 "  me,,.,,> Wth 

mo,, .I"" ,.ndom l.""ifl w,.. .'UO Walt  

" V l W f  PDmr ~.~Y,)II,!" 4dC.I lor ""lllhh 
or horns m r a , , < m  Tolo,<, lnduclol tor 

small sore 3 x 4 1'4 . 2 3'H Bu#ll an nson 
tune-up andrator 50.733 r a .  r o o m l o r  

. - .B 
Guaranlral lot 1 v, . IO11.r tr8.l Ccmwacl 
- say lo u(r onlv 1 7 1  15  p T p n d  I A M  
Sa ln  Tax anC110l 1 0 1 3 1  3765887 

S5T ELtCTRONICS. P 0 BOX 1. LAWNDALF. CA 90760 

TEMPO-ONE OWNERS 
A NEW RIG FOR $90. 
More RX gain and select~v~ty. 
TX like undostorled k~lowatt, 
extra carrier suppressio~i. 
Details Holdings, 39/41 Minc- 
ing Lane, Blackb~~rn: 882 
2AF. England. Tel. 0254- 

lnt: price air postpaid, BankAn~er~card, Master- 
charge, check. 

More Details? CHECK-OFF Page 142 



and more. The course includes a programmed 
learning text and two audio cassettes to person- 
alize text material and provide Code practice. Aids 
to help you set up your station include a glossary 
of common abbreviations, Q signals, antenna in- 
structions and two full-color wall charts showing 
the entire frequency spectrum and a call area map 
of the U.S. Order now - get your ticket the easy, 
effective Heathkit way! As an added bonus, if you 
complete the optional final examination with a 
passing grade of 70% or more, you will receive an 
attractive Certificate of Achievement and 1.0 Con- 
tinuing Education Units.' 
^Continuing Education Units (CEU's) are a nationally recognized 

means of acknowledging participation in non-credit adult education. 

Get on-the-air fast! ORDER TODAY! ) 
r 

USE THE HEATHKIT HOTLINE 
(616) 982-341 1 day or night 

Remember: "There's more for the Ham at Heath" 

Heath Company. Dept 122-331. Benton Harbor. Mlchtgan 49022 

Get your Ham License or your money back* 
with the Heathkit- + Novice License Course 

*If you fail to pass your FCC exam , 

after successfuI ly completing this 
course, we'll REFUND thefull pur- 
chase price of the ER-3701 Course! 

LEARN-AT-HOME 
SAVE $4- When 
you order the Course 
and Code Practice Os- 
cillator together! 
Every Amateur needs 
to know Code - and 

This basic Amateur radio course was designed by our Course and Code 
the Hams at Heath to teach you all you need to Oscillator is the ideal 
know to get your Novice license. It's the ideal way way to learn! It's an 
to learn Amateur radio for CB'ers, electronic hob- easy and fun-to-build kit too, and you can use it 
byists, anyone interested in world-wide two-way even after you get your ticket! 
radio communications. The course employs the SPECIAL BONUS OFFER WORTH UP TO $10 WITH EVERY 
same proven methods used in other famous Heath- ORDER. The ERS-3701 comblnatlon offer contalns a bonus 
kit learn-at-home courses, so you study and learn glft certificate good for 10% off (up to $10) on any Heathklt 
at your own pace. It covers rules and regulations, Amateur Gear you buy withln 90 days of your licensing. You 

radio phenomena, operating emission simply attach certiftcate and a COPY of your ilcense to Your 
order and save up to $10 morel 

characteristics, electrical principles, antennas and 
transmission lines, radio transmission practices *USE THE HANDY FORM BELOW* 

- m I m m m I m m -  
Heath Company, Dept. 122-331 
Benton Harbor, Michigan 49022 I ORDER FORMlAGREEMENT 

Please send me the items checked below. 
i 
m 

I €AS-3701P, ER-3701P plus HD-1416 Code Practice 0s- I 
I cillator Kit - $29.95 plus $2.00 shipping and handling. I 
I ER-3701P Course only (I already have a code oscillator) I 
I - $24.95 plus $1.75 shipping and handling. I 
I I enclose check money order for $----- I . 

I Michigan residents add 4% sales tax I Charge to my BankAmericard Master Charge 
I 

I Acct. No. Exp. Date I - I Coda NO. (M.c. o n a  I 
1 ::="re I 
I ADDRESS 

I CITY 

I 
I I - 

STAT ZIP 

I Pr1ce:and specifications subject to change rlthout notice. 
ED-1 07 

I 

More Details? CHECK-OFF Page 142 septernber 1977 125 



,,,%>, ,,+, THE EASY WAY! 
P\*( ,.I*. ,+I.( 

Or your Clegg 22'er, 
Ameco TX-62, Polycom 2 
or PC-62, Johnson 6N2, 
Heath Seneca VHF-1, o r  
Hallicrafters SR-34. 

Why t h r o w  away that  o l d  A M  

2.meter rig? Why  spend $300 f o r  a 

new F M  transceiver when y o u  have 

a work ing A M  r ig  gathering dust? 

The Palomar Engineers FM'er plugs 

i n  ( n o  rewir ing or  modi f icat ion 

required) and puts  your  o ld  A M  

transmitter o n  FM. 

The adapter contains a preamp, 

clipper, fi lter, driver and modulator  

t o  glve clear, crisp FM. Sounds as 

good o r  better than a brand new 

transmitter. Frequency adjust fo r  

nett ing is bu i l t  in. Receive b y  slope 

detection. 

W o r k s  w i t h  t h e  Gonset 

Communicator I (Gooney Bird). I I, 
Ill, IV ,  GC-105 and other rigs 

listed. Fo r  2-meter band only .  

Requires HC-6/U crystal and 9-v 

transistor battery ( n o t  supplied). 

Get o n  F M  at a tenth the cost o f  a 

new rig. Use the p lug  i n  Palomar 

Engineers FM'er that  has been 

proven i n  dai ly  use b y  M A R S  and 

Civi l  Defense nets nationwide. Send 
fo r  free brochure. 

Order direct. $37.50 postpaid U.S. 
and Canada. Specify transmitter 

model. Cal i fornia residents add 

sales tax. 

B a s e d  o n  m o d e r n  
p r y  choloqical techni- 
ques - Thls course w i l l  
take you  beyond 13 
w.p.m. i n  

LESS T H A N  $9.95 H A L F  T H E  TIME! 
-. . ~ 

NO Books T o  Read 
Album contains NO Visual Gimmicks 

T o  Distract Y o u  three 12" LP's Just Listen A n d  Learn 
2% hr. instruction 

Available i n  Cassette also for  on ly  $10.95. 

508 East Washington St., Arcola, IL 61910 

12 Button Touch Tone Encoder. 90 day 
guarantee - - 114.00 
Plastlc Mounting Box for iTT. S/C, WECO. 
or A E. pads. Black, Gray. or  Beige $4.75 
Complete System with cable (battery not 
~ncluded) - $24.95 
Complete System as above but wlth 
speaker. ampllfler, and battery $39.95 
Transmitter key~ng  circuit (100 ma max) 
w ~ t h  delay drop out feature ~nstal led In 
each system $7.50 

.- J& 
TELEPHONE EQUIPMENT COMPANY 

Post Office Box 596, Lecsburg, Flor~da 32748 
(904) 728.2730 

The adventure of 
80 METER DXing 

by John Devdden, ON4UN 
Invaluable knowledge for any OXer. 
w~th a specla! sectlon on Grey-llne 
propagatton D~scusslon of an- 
tennas. baslc to advanced 

Order HR-8OM $4.50 

entur 
Pure adventure: 
FRENCH ATLANTIC AFFAIR 

by Ernest Lehman. KBDXK 
lntrlgue and adventure on the high 
seas where Amateur Radio is the 
hero! Award-w~nning author - 
as reviewed ~n the August issue of 
QST. (recommended for mature 
readers) 

Order A-FAA hardcover $10.95 

it! 
The adventure of 
160 to 190kHz 
LOW 6 MEDIUM FREQUENCY 
RADIO SCRAPBOOK 

by Ken Cornell. W21MB 
Everything you want to know about 
the I~cense-free 160-190 kHz bandl 
See WIFE'S revlew In the Mav 
isue ot oST. 

Order HR-LF $6.95 

GREENVILLE, NH 03048 
I 
I 

Enclosed Is check or MO tor the t0110~lng I 
I 

80 METER DXing FRENCH ATLANTIC LOW & MEDIUM I 

AFFAIR FREQUENCY I 
I 

RADIO SCRAPBOOK 
I 

NAME I I 
I 

ADDRESS I 
I 

I I 
I CITY STATE-ZIP I 

I I 

I 



TRANSISTORS, LEDS, etc. 
2N2222 NPN .15 
2N2907 PNP .15 
2N3740 PNP 1A 60v .25 
2N3906 PNP .10 
2N3054 NPN .35 
2N3055 NPN 15A 60v .50 
TIP125 PNP Darl~ngton .35 
LED Green, Red, Clear .15 
D.L.747 7 seg 518" high com-anode 1.95 
XAN72 seg 1.50 
FND 359 Red 7 seg corn-cathode 1.25 

DIODESIZENERS 
IN914 1 OOv lOmA .05 
1 N4004 400v 1 A .08 
1 N4005 600v 1 A .08 
1 N4007 1000v 1 A .15 
IN4148 7 5v lOmA .03 
1 N753A 6 . 2 ~  z .25 
1 N758A 1 Ov z .25 
1 N759A 12v z .25 
1 N4733 5.lv z .25 
1 N5243 13v z .25 
1 N5244B 14v z .25 
1 N5245B 15v z .25 

SOCKETSIBRIDGES 
8-pin pcb .25 ww .45 

14-pin pcb .25 ww .40 
16-pin pcb .25 ww .40 
18-pin pcb .25 ww .75 
22-p~n pcb .45 ww 1.25 
24-pin pcb .35 ww 1.25 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.95 

Molex pins .O1 To-3 Sockets .25 

2 Amp Bridge 100-prv 1.20 
25 Amp Bridge 200-prv 1.95 

C MOS 
4000 .15 
4001 .20 
4002 .20 
4004 3.95 
4006 1.20 
4007 .35 
4008 1.20 
4009 .30 
401 0 .45 
401 1 .20 
401 2 .20 
401 3 .40 
4014 1.10 
401 5 .95 
4016 .35 
401 7 1.10 
401 8 1.10 
401 9 .70 
4020 .85 
4021 1.35 
4022 .95 
4023 .25 
4024 .75 
4025 .35 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.95 
4034 2.45 
4035 1.25 
4040 1.35 
404 1 .69 
4042 .95 
4043 1.25 
4044 3 5 
4046 1.50 
4049 .80 
4050 .60 
4066 1.35 
4069 .40 
4071 .35 
4082 .45 

9000 SERIES 

7481 33 .45 
74S140 .75 
748151 .35 
74S153 .35 
7481 57 .80 
74S158 .35 
7481 94 1.05 
74S257( 81 23) .25 

74 LSOO .45 
74 LSO 1 .45 
74 LS02 .45 
74 LS04 .45 
74 LS05 .55 
74 LS08 .45 
74 LS09 .45 
74LS10 .45 
74LSll  .45 
74LS20 .40 
74 LS2 1 .25 
74LS22 .25 
74LS32 .40 
74 LS37 .40 
74 LS40 .55 
74 LS42 1.75 
74LS51 .65 
74 LS74 -75 
74 LS86 .75 
74 LS90 1.30 
74 LS93 1 .OO 
74LS107 .95 
74LS123 1 .OO 
74LS151 .75 
74LS153 1.20 
74 LS 1 57 .85 
74LST64 1.90 
74LS367 .85 
74 LS368 .70 

9301 .85 
9309 .35 
9322 .85 
95H03 .55 
9601 .75 
9602 .50 

MEMORY CLOCKS 
7481 88 (82231 3.00 
1702A 7.95 
MM5314 3.00 
MM5316 3.50 
2102-1 1.75 
2102L-1 1.95 
TMS6011 NC 6.95 
8080AD 15.00 
8T13 1.50 
8T23 1.50 
8T24 200 
21078-4 4.95 

7400 .15 
7401 .15 
7402 .20 
7403 .20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
741 0 .10 
741 1 .25 
741 2 .30 
741 3 .45 
7414 1.1 0 
741 6 .25 
741 7 .40 
7420 . I5 
7426 .30 
7427 .45 
7430 .15 
7432 -30 
7437 .35 
7438 .35 
7440 .25 
7441 1.15 
7442 .55 
7443 .85 
7444 .45 
7445 .80 
7446 .95 
7447 .95 
7448 .95 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .45 

7473 .25 
7474 .35 
7475 .35 
7476 .30 
7480 .55 
7481 .75 
7483 .95 
7485 .95 
7486 .30 
7489 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .40 
7494 1.25 
7495 .60 
7496 .80 

74100 1.85 
74107 .35 
74121 .35 
741 22 .55 
741 23 .55 
741 25 .45 
741 26 ,351 
74132 1.35 
74141 1.00 
74150 1.00 
74151 .75 
741 53 .95 
74154 1.05 
74156 1.15 
741 57 .65 
741 61 .85 
74163 .95 
74164 .SO 
74165 1.50 
74166 1.35 
741 75 .80 

T T L -  
74176 1.25 
74 1 80 .85 
74181 2.75 
74 1 82 .95 
74190 1.75 
74191 1.35 
74192 1.65 
74193 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
75110 .35 
75491 .50 
75492 .50 

74H00 .25 
74H01 .25 
74H04 .25 
74H05 .25 
74H08 -35 
74H10 .35 
74H l l  .25 
74H15 .30 
74H20 .30 
74H21 .25 
74H22 .40 
74H30 .25 
74H40 .25 
741-150 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .25 

LI NEARS, 

74H72 .55 
74H101 -75 
74H103 .75 
MH106 .95 

74 LOO .35 
74 LO2 .35 
74 LO3 .30 
74 LO4 .35 
74L10 .35 
74 L20 .35 
74 L30 .45 
74L47 1.95 
74L51 .45 
74 L55 .65 
74 L72 .45 
74 L73 .40 
74L74 .45 
74 L75 .55 
74 L93 .55 
74L123 .55 

74SOO .55 
74302 .55 
74S03 .4 0 
74804 .35 
74805 .35 
74808 .35 
74S10 .35 
7451 1 .35 
74520 .35 
74840 .25 
74S50 .25 
74S51 .45 
74864 .25 
74574 .40 
748112 .90 
7481 14 1.30 

REGULATORS, etc. 
LM723 .50 
LM725 1.75 
LM739 1.50 
LM741 8-14 .2O 
LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.Z5 
NE567 1.35 
SN72720 1.35 
~ ~ 7 2 8 2 0  1.35 

LM340T-24 .95 
LM340K-12 2.15 
LM340K-15 1.25 
LM340K-18 1.25 
LM340K-24 .95 
LM373 2.95 
LM380 .95 
LM709(8,14 PIN) .25 
LM711 .45 

8266 .35 
8836 .95 
MCT2 .95 
8038 3.95 
LM201 .75 
LM 30 1 .25 
LM308 (Mln11 .75 
'LM309H .65 
LM309K(340K-51.85 
LM310 1.15 
LM31 1 ~ ( M I ~ I )  .75 
LM318 (Mln~ l  .65 

INTEGRATED CIRCUITS UNLIMITED 
7889 Clairemont Mesa Blvd. San Diego, CA 92111 (714) 278-4394 

All orders shipped prepaid NO minimum (Calif. Only) 
Open accounts invited COD orders accepted 

D~scounts available at OEM Quantities 
Californ~a'Residents add 6% Sales Tax 

Free 24 Hour Phone 800-854-221 1 Mastercharge 1 BankAmericard 

LM320K5 (7905) 1.65 
LM320K12 1.65 
LM320T12 1.25 
LM320T15 1.65 
LM 339 .95 
7805 (340T-5) .95 
LM340T-12 1.00 
LM340T-15 1 .00 
LM340T-18 1 .OO 



Learn t h e  truth about 
your an tenna .  

4 Find i t s  r e s o n a n t  

f r e q u e n y .  

4 A d j u s t  it to your 
o p e r a t i n g  f r e q u e n c y  quickly 
and easily. 

I f  them is one place in your  stat ion 
where y o u  cannot risk uncertain 
results it is in your  antenna. 

The  Palomar Engineers R-X Noise 
Bridge tells y o u  i f  your  antenna is 
resonant o r  n o t  and, i f  it is not, 
whether it is t o o  long o r  t o o  short. 
A l l  thn in one measurement 
reading. And it works just as wel l  
w i t h  ham-banbonly receivers as 
w i t h  general coverage equipment 
because it gives perfect null 
readings even when the antenna is 
n o t  resonant. It gives resistance and 
reactance readings o n  dipoles, 
inverted Vees, quads, beams, 
mul t iband trap dipoles and 
verticals. N o  stat ion is complete 
w i thou t  th is  up-to-date instrument. 

Why  work  in the dark? Your  SWR 
meter o r  your  resistance noise 
bridge tells on ly  half the story. Get  
the instrument that  really works, 
the Palomar Engineers R-X  Noise 
Bridge. Use it t o  check your  
antennas f r o m  1 t o  100 MHz. A n d  
use it i n  your  shack t o  adjust 
resonant frequencies o f  b o t h  series 
and parallel tuned circuits. Works 
better than a d ip  meter and costs a 
l o t  less. Send f o r  our  free brochure. 

The pr ice is $49.95 and we deliver 
postpaid anywhere in U.S. and 
Canada. Cali fornia residents add 
sales tax. 

I ta ly  wr i te  IPVTT, P.O. Box 37, 
22063 C a n t u .  E l h e r e  rend 
$52.00 (U.S.) f o r  air parcel post  
delivery worldwide. 

F u l l y  guaranteed b y  the originator 
o f  the R-X Noise Bridge. ORDER 
YOURS NOW! 

DICK CENTRAL FLA. BOB 
K4RYR W4YYS 

KLM HY-GAIN CUSHCRAFT 
MINI-PRODUCTS SHURE 
ASTATIC BEARCAT-210 

REGENCY LARSEN DENTRON 

LAFAY ETTE RADIO ELECTRONICS ZZ- 
1811 HWY 17-92, MAITLAND, FL. 32751 

305-83 1-227 1 
a I w P '  r 

YOUR BEST BUY IN KITS 
t;p ANALOG-DIGI-LAB FREQUENCY 

Features 3 Regulated COUNTER 
&* + power Supplies. 3 Out- @ ,- 7,t put wave forms. digi- 7 Digit 0-300 MHz Freq. Counter ............... $99.00 

tal level switches, no 7 Digit 0-500 MHz Freq. Counter ............... $139.00 

. bounce pulser switches, 8 Digit 0-30 MHz Counter with optlons $ 109.00 

with drivers. AP Super strip. 0-300 MHz Prescaler for 8 Digit Counter $19.95 
~ a s i l y  constructed. Designed by RETS 0-300 MHz Prescaler with Preamp .............. $29.95 
Electronic Schools. 0-600 MHz Prescaler for 8 Digit Counter $39.95 

$139.00 Cabinet acce al l  of 
the above $24.95 

Clock Cabinet ..... ......... $6.50 ~ ~ ~ ~ r O ~ ~ ~ $ ~ ~ a I k ~ & . ~ ' ~ ~ ~ w P ~ ~ e ~ ;  
or $4.50 with purchase of clock kit. on assembled units. 

Please add $1.00 Shipplng/Handling on any order under $15.00 
Send SASE for flyer. Featuring Electronic components and kits available. 

HAL-TRONlX 
P. 0. Box 1101 Southgate, Mich. 48195 (313) 285-1782 

1977 ARRL FLORIDA GULF COAST CONVENTION 
Clearwater Beach, November 19 and 20 

Sponsored By 

Florida Gulf C o a s t  Amateur Radio Council 

Only REAL Conven t ion  in the South- Ray  Spence. FCC Ch ie f  Eng., Bob 
east with Exhibitors, Flea Mkt., Tech-  and El len White, of ARRL as gues t  
n ica l  Sessions, FCC Exams, Forums, speakers a t  Forums. Satu rday  Eve 
QCWA, AWA, SMIRK, 10-10 Club, B a n q u e t  with IARU President, N o e l  
etc. Fu l l  Ladies act iv i t ies plus h o t e l  Eaton. VE3CJ, as guest speaker. 

fac i l i t ies on the Gulf. 
Full Info and resewat ion  for Shera- 

Tickets: Adv'd. $3 Single; $5 Family ton Hotel contact: 
+ 2 Bonus tickets. Banquet: $9 F.G.C.A.R.C. Convention 
(Reserve early) P. 0. B o x  157 

Clearwater. Florida 33517 

1/6 WATr. 5% Resistors, Full leads, im- 
TRANSFORMERS ported ~ O K ,  i 5 ~ . '  75 2 2 ~ :  220 390 39 i .  430 82k. 820 1 i 0 ~ .  1.5K $ 2 0 ~ .  2K. 
American made, 115V Primaries: 33/$1.66 

6 3V 1 Amp Shielded $1.80 ea. One Value 100/$4.15 
l > ~ , ' 2 5 0  mil;, for P. C. Board. $1.66 ea. Assorted Values 100/$4.55 
12 volt % amp. $2.05 NEW P.C. POTS - 1hW by Piher. Vert. 
12V 1.2 Amp $2.84 Mt.. 2500 w/slot drive; Hoz. Mt. loo!: 6 
12V 3 Amp $4.48 10K, hex slot drive. 20c ea. - 6/$1.00 
~ ~ v ' c T ,  1A; 14V CT. 400 Ma $4.20 ea. "S" UNIT METER - Pearce-Simpson 
44V CT - 1A: 6.3V, % amp tap $3.47 ea. #3701-004. Scale 0. 3. 5. 7, 9, +lo, +30. 
48V CT - 1A; 6.3V. % amp tap $3.46 ea. 500fiA rating. 1% "W x 1 % "H x %"D. 

NEW ITEM $2.95 each 
Thordarson DC to DC converter 3000 MFD 
supply transformer - for 12 ~ o r " D ' c '  
service. (Instruc. & schematic incl.) (J--z$ ~a:tc~z::. 
TR 91 - output 450Vv 120W. 27f":t8f':: 1" ~ i ~ .  3" - goc ea. or 3/52.25 
TR-98 -output 15M)V. 12MA DC. $8.15 ea. UNPOTTED TORDIDS - Center tapped. - 
9.PlN lTO-vp lC Socket. gold PR. 6fil.08 tf : :p;j.iz/$2.95; 9 Oz. - 5/s3.49@ 

3000 MFD @ 20V Capacitors. Same size - 
as above. 80c ea. or 3/$2.00 

SEND STAMP FOR BARGAIN LIST 
PENNSYLVANIA RESIDENTS - ADD 6% 

ALL ITEMS PPD. USA 
m. weinnhenkec 

eleclronic specialties-101 353, IRWIN. Pb 15642 
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PRE-AMP 
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HIGH GAIN LOW NOISE 
35dB power gain. 2.5.3.0 dB N.F. at 150 

MHz 2 stage. R.F. protected. dual-gate 
MOSFETS. Manual gain control and pro- 
vision for AGC. 4%" x 1%" x 1%" ab'n- 

inum case with power switch and choice 
of BNC or RCA phono connectors (be 
sura to specify). Available factory tuned 
to the frequency of your choice from 5 
MHz to 250 MHz with approximately 3% 
bandwidth. Up to 10% B.W. available on 
special order. 

N. Y. State residents add sales tax. 

Yodel 201 prlce: 5250 MHz $29.95 

Vaneuard 
La- 

196-23 JAMAICA AVE. 
HOLLIS, N. Y. 11423 

WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" K I T  

THE IDEAL HI-PERFORMANCE 

INEXPENSIVE A N D  PRACTICAL T O  INSTALL LOW-FREQUENCY 

MONO OR MULTIPLE BAND, 52 O H M  ANTENNA SYSTEM 

Telrex "Monarch" (Trapped) I.V. K i t  
Duo-Band / 4 KWP I.V. K i t  $63.50 

Post Paid Continental U.S. 

Optimum, full-size doublet performance, independent of ground conditions! "Balanced- 
Pattern", low radiation angle, high signal t o  noise, and signal t o  performance ratio! 
Minimal support costs. (existing tower, house, tree). A technician can resonate a 
Telrex "lnverted-Vee" t o  frequency within the hour! Minimal SIWIR is possible if 
installed and resonated t o  frequency as directed! Pattern primarily lowangle, Omni- 
directional, approx. 6 DB null at ends! Costly, lossy, antenna tuners not required! 

1 Complete simplified installation and resonating t o  frequency instructions supplied with 

1 each ki t .  n 
For technical data and prices on complete 
Telrex Ilne, write for Catalog PL  7 (HRH) 



DIRECTIONAL 

I GAlN BEAMS I 
Direct 52 ohm feed 
Rugged 
Seamless aluminum 

+ construction 
. . .and high performance 
make for years of trouble 
free act iv i ty w i t h  any 
CUSHCRAFT FM Beam. 

GAlN ARRAYS 
Stacked for increased perfor- 
mance, CUSHCRAFT Power 
Pack arrays come  complete.  
Ready for use when full quieting 
results are needed t o  access dis- 
tant repeaters or long haul sim- 
plex contacts. 

OMNIDIRECTIONAL 
GAlN ANTENNAS 

CUSHCRAFTfS 

Stacked 4-pole 
antennas are recognized 
world wide for their low 
angle of radiation, ease of 
assembly, and tremen- 
dous performance on all 
amateur FM frequencies. 
Regardless of the FM fre- 
quency, rely on Cushcraft 

"FULL QUIETING 
PERFORMANCE". 

N o w  an audio f i l ter that  really 
works. Connect t o  your  receiver 
phone jack, p lug  y o u r  phones in to  
the f i l ter and hear the difference a 
stable B p o l e  active f i l ter can make. 
Does n o t  r ing o r  sound "tinny". 
Mul t ip le  l o w  Q filters add u p  t o  
sharp sk i r t  selectivity w i thou t  
r~nging. 

Swi tch posi t ion 1 gives "wide 
band" f i l ter ing (300  H z  bandwidth, 
wide skirts). Removes h u m  and 
splatter. peaks the signal, b u t  lets 
o f f - f  requency signals come through. 

S w i t c h  p o s i t i o n  2 gives 
"narrow-band" f i l ter ing (80  H z  
bandwidth, steep skirts). Selects the 
signal y o u  want, eliminates the rest. 
Greatly improves reception i n  
heavy QRM. 

S w i t c h  p o s i t i o n  S S  
(Simulated-Stereo) puts  the narrow 
band f i l ter  t o  one earphone, the 
wide band f i l ter  t o  the other. The 

signal is i n  b o t h  'phones - the 
Q R M  i n  only  one. B y  the almost 
magical act ion o f  the ears and the 
brain, the interference is rejected. 
Yet  off- frequency calls can be 
heard. Great f o r  contest operators, 
cw nets. 

Send f o r  free brochure. 

Order direct. $39.95 postpaid i n  
U.S. and Canada. Cal i fornia 
residents add sales tax. 
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- NEW LSI TECHNOLOGY - . 
FREQUENCY COUNTER 

FITS OF CUSTOM LSI CIRCUITRY. THIS NEW TECHNOLOGY APPROACH 

DISPLAY: 8 RED LED DIGITS .4" CHARACTER HEIGHT 
GATE TIMES: 1 SECOND AND 1/10 SECOND 
PRESCALER WILL FIT INSIDE COUNTER CABINET 
RESOLUTION: 1 H Z  AT 1 SECOND. 10 HZ AT 1 /10  SECOND. 
FREQUENCY RANGE: 10 HZ TO 6OMHZ. 165 MHZ TYPICAL]. 
SENSITIVITY: 10 MV RMS TO 50 MHz. 20 MV RMS TO 60 M H z  TVP. 
INPUTIMPEDANCE: 1 MEGOHM AND 20 PF. 

IDIODE PROTECTED INPUT FOR OVER VOLTAGE PROTECTION.] 
ACCURACY: + 1 PPM I: 0001 . I  .AFTER CALIBRATION TYPICAL. 
STABILITY W ~ H I N  1 PPM PER HOUR AFTER WARM UP [ . w i o o  XTAL] 
IC PACKAGE COUNT: 8 [ALL SOCKETED1 
INTERNAL POWER SUPPLY: 5 V DC REGULATED. 
INPUT POWER REQUIRED: 8-12 VDC OR 115 VAC AT 50160 HZ. 
POWER CONSUMPTION. 4 WATTS 

t"x2"PC B o a r d  
Power Re4 5-15V 

LOW POWER - FACTORY FRESH 
1-24 $1.75 ea. 100-199 $1.45 ea. 

25-99 1.60 ea. 200-999 1.39 ea. 

Will a l t e r n a t e  t i m e  18 
with o t h e r  f u n c t i o n s  

.*CAST TUAhLIYBLI INOILS" I O I W 3 I L L L  
lihaw PUOIIUING M I N T  *I.IUIIS ~ 0 1  

Ly KIT 
6JUMBO .4"REDLED'SBEHlND RED FILTER LEN 

*".Y*LLI SOUNO . t . i E l S  .,*nu "1% 
..rjrl~l~.. *OR POL L GIOVNDI*~ 
SW,,C*CS OR s,*X)m5 1 1 1 1  PULSE "on* 
ac,hr r ,  IMZ a.rc oe o a w t  s#alw mar 
SrlO",UCl .IOC.II.YU.tlL~ I t l C  ur'..s 
GUY t.,, t * , s *  L .L.IU .I.IOO ""ll :;yz ~;;;cp;;tmcn;:;;:,'",f~ KIT # 
~ c , , * A ~ ~ ~ T v  s t s o s ~ s  r.lsc AI~IYS L 
P.""IIIS PO. "LlRL Dcsc*o.BL~ .L.I)U 
m ~ o r m t r ~ u ~ ~ r ~ ~ . * . s a ~ c c s ~  I * ~ s ~ s *  #ALR ALL PARTS lLess TRANS. 
1"PO"ILll .  COus, t lc  " l 7 W l l " A L L  PLIIS 
IMLL~,.>IWG 011~1110 O(~*WO*L.S AND I* WIRE FORMER1 KITIPS-01 sl.95 
srnyc110~5 0 0  A I ~ , L A B L E  WIIIED AND TRANSFORMER 2rv C T  rlll 

BOX 219 HOLLYWOOD, FLA. 33022 
PHONE [305] 921-2056 1 921-4425 

115.00 - COD FEE $1.00. FLA. RES. ADD 4 ., STATE 
TAX. 



Ham Radio's guide to help you find your local i 
Alabama I Colorado I Indiana 

LONG'S ELECTRONICS 
3521 TENTH AVE. NORTH 
BIRMINGHAM, AL 35234 
800-633-34 10 
Call us Toll Free to  place your order 

Arizona 
MASTERS COMMUNICATIONS 
7025 N. 57th DRIVE 
GLENDALE, AZ 85301 
602-939-8356 
Rohn tower distributor. Atlas. 
Icom, Tempo, HyGain & service. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX. AZ 85017 
602-242-8990 
Arizona's #1 Ham Store. 

California 
C & A ELECTRONICS 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the biggest, but the best - 
since 1962. 

CARSON ELECTRONICS 
12010 EAST CARSON S7 
HAWAIIAN GARDENS, CA 90716 
213-421-3786 
Dealing exclusively in ICOM 
communicat~ons equipment. 

COMMUNICATIONS CENTER 
705 AMADOR STREET 
VALLEJO, CA 94590 
707.642-7223 
Who else has a Spectrum 
Analyzer? 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in  Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
7 14-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

C W ELECTRONIC SALES CO. 
1401 BLAKE ST. 
DENVER, CO 80202 
303-573-1386 
Rocky Mountain area's complete 
ham radio distributor. 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle KoLT. 

Florida 
AGL ELECTRONICS, INC. 
1800-8 DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

CENTRAL EQUIPMENT CO. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL. 33160 
305-932-1818 
Specializing in Amateur. CB 
& Marine Equipment. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

lllino is 

ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL 60646 
312-631-5181 
Hours: 9:30-9 Mon. & Thurs. 9:30-5 
Tues., Wed., Fri. 9-3 Sat. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691-4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
3 12-848-6777 
Chicagoland's Amateur Radio 
leader. 

HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, I N  47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadow Shopping Center. 

BOB SMITH ELECTRONICS 
12  SOUTH 21ST STREET 
FT. DODGE, IA 50501 
5 15-576-3886 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

Kentucky 
COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON. KY 42286 
502-886-4535 
Yaesu, Ten-Tec. Tempo, Dentron. 
Our service is the BEST. 

Maryland 
COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
30 1-792-0600 
New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake 
- - 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

Massachusetts 
TUFTS RADIO ELECTRONICS 
386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 
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Amateur Radio Dealer 
- 

Michigan 
RADlO SUPPLY & ENGINEERING 
1207 WEST 14  MILE ROAD 
CLAWSON, MI 48017 
31  3-435-5660 
10001 Chalmers, Detro~t,  MI 
48213, 313-371-9050. 

Minneso ta 
ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

Missouri 
HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In  This Issue. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

Nebraska 
COMMUNICATIONS CENTER, INC. 
2226 NORTH 4 8  ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo. Swan, 
HyGa~n - call Toll Free 

New Hampshire 
EVANS RADIO, INC. 
BOX 893, RT. 3 A  BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, Dentron & Yaesu dealer. 
We service what we sell. 

New Jersey 
ATKINSON & SMITH, INC. 
17  LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

New Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-30 12 
Yaesu, Kenwood, Swan, Dentron, 
Tempo. Atlas, Wilson, Cushcraft 

New York 
ADIRONDACK RADlO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
518-842.8350 
Yaesu dealer for the Northeast. 

CFP COMMUNICATIONS 
211 NORTH MAlN STREET 
HORSEHEADS, NY 12010 
607-739-0187 
Jim Beckett, WA2KTJ, Manager 
Bryant Hozernpa, WB2LVW, Sales 

GRAND CENTRAL RADlO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
2 1  2-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain. Mosley in stock 

HARRISON 
"HAM HEADQUARTERS, USA" 
ROUTE 110 & SMITH STREET 
FARMINGDALE, L. I., N. Y. 11735 
516-293-7990 
Since 1925 . . . Service, Satisfaction, 
Sav~ngs. Try Us! 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & used ham equipment. 
See Warren K2IXN or Joe WB2GJR 

Ohio 
UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS. OH 43215 
614-221-2335 
Give U.S. a try when ready to buy. 

Oklahoma 
RADlO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Pennsylvania 
ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 1  5-659-5900 
Communications specialists. 
Sales and service. 

HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

South Carolina 
AMATEUR RADlO ELECTRONICS 
100 STATE ST. 
WEST COLUMBIA, SC 29169 
803-796-7957 
Featuring Swan Equipment 

Tennessee 
GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 
J-TRON ELECTRONICS 
505 MEMORIAL BLVD. 
SPRINGFIELD, TN 37172 
615-384-3501 
Ten-Tec dealer - call or 
write for best trade. 

Texas 
AGL ELECTRONICS 
3068 FOREST LANE, SUITE 309 
DALLAS, TX 75234 
800-527-7418 
Having trouble finding equipment? 
Come on in  today! 
HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 
AMATEUR 

ELECTRONIC SUPPLY, INC. 
4828 WEST FOND du LAC AVENUE 
MILWAUKEE, WI 53216 
414-442-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs. 9-5:30. Sat. 9-3. 

Washington 
AMATEUR RADlO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First in  Ham Radio in Washington 
Northwest Bird Distributor 

Wyoming 
DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service to  Wyoming 
and the Northern Rockies. 
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1 ! CFP l n l FOR ALL YOUR AMATEUR NEEDS I 

I Dual tone decoder decodes 
one Touch-Tone digit. 

Available for digits 1, 2, 3, 
4 , 5 , 6 , 7 , 8 , 9 , 0 , t t a n d * .  
Also for digits 13, 14, 15, 
and 16. 

Relay output SPST '/a amp. 
Relay closes when dual-tone 
digit is received. Opens 
when tones cease. Receiver 
AGC can be used to hold 
relay closed after tones 
cease. 

I Operates on any dc voltage 
from +9 to +30 v. 

Octal plug-in case 1%" 
square 3" high. 

I Send for free brochure. I 
Model T-2 Touch-Tone 
Decoder. $39.95 postpaid in 
U.S. and Canada. Specify 
Touch-Tone digit or tone 
frequencies. 

I California residents add 1 
sales tax. 

I I 
I I 
I ATLAS DRAKE I 
I 

I CUSHCRAFT TEMPO j 
I 
I 
I CIR (ASTRO 200) TEN TEC j 
I 
I 
I DENTRON 
I 

YAESU* I 
! 

I 
I 

Transmitter sales to I 

I licensed amateurs only I 
TRITON IV DIGITAL I 

I OREMEMBER, YOUR DEALER IS RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD. I 

I Mail Orders accepted. N. Y. residents add sales tax. SASE will get our list of used Amateur I Equipment I 
Store Hours 

WANTED: C F P COMMUNlCATlONS ~ues .  to Fri. 1- p.m. ! 
I CLEAN TRADES! Sat. 10.4 p.m. ! 
I 
I I 

I WA2KTJ Fri. & Sat. subkcl to I 
211 NORTH MAIN STREET 

I HORSEHEADS. N. Y. 14845 Hamfest weekends I 
I WB2LVW PHONE: 607-739-0187 Closed Sun. & Mon. ! 

$ I S g 5  CHEAP 
A HIGH QUALITY BROADBAND GROUND PLANE 

ANTENNA THAT COVERS THE ENTIRE BAND 
THREE MODELS: 2 Meter FM 

220 MHz FM, 450 MHz FM 
INPUT- S0239. 50 ohms 
POWER-1 KW. FM-CW 

No Prepaid orders shipped prepaid in USA 
Mastercharge OK 

Dealer inquiries Invited 

Phone (603) 224-0577 

Complete 4 function Glus K switch 8 
digit calculator unlt less case and bat- 
teries. These are reject units due to  var- 
ious reasons: some of them have a de- 
fective K switch; others have a segment 
out on the readout; some may have a 
scratched keyboard and some may not 
function at all. Each unit has all elec- 
tronic components includin readout 
and quality tactile feedback Zeyboard. 
These were sophisticated units made 
by Bowmar. Some of the parts you w ~ l l  
f ind on these are a Texas Instruments 
TMS0103 calculator chip. 2 75491 and 
2 75492 IC's, 13 transistors, d~odes, re- 
sistors tantalum caps, slide switches, 
keybobrd, and 9 MAN3 readouts. The 
units were designed to  operate from 
7.5 VDC. Appx. size: 5%"L x 2X"W x 
518"D. Al l  units sold as is, although 
many wil l  function. Sorry, no  choice 
of defect. Please add $1 for shiooina. 

P.O. Box 27038 Denver, CO. 80227 

Send for our FREE catalog listing hun- 
dreds of bargains on IC's, nicads, tran- 
sistors. digital thermometers, clocks, 
ultrasonics. strobe liahts. kits. etc. 

- PCB - PCB - PCB - PCB - PCB - PCB - 
m 3 2 Tm-a nu ETCH-IT-YOURSELF m , t,F?"".- I 

0 \ -"I-. Printed Circuit rn 
B 

- .. 
iS own or~nted c~rcuit -boards.. C - o IT'S EASY. Photo positive method. No , $ darkroom required. o 
; LESS THAN 2 HOURS to produce a p.c. 2 

board dlrect from magazine article. I 
I KIT INCLUDES materials to make 4 p.c. 5 boards direct from magazlne artlcle. 

P Add $1 for COD. S.A.S.E. for details. m 

EXCEL CIRCUITS co. I 
4412 Fernlee 313-549-0440 
Royal Oak, MI 48073 S 

- PCB - PCB - PCB - PCB - PCB - PCB - 
1 I 

COLLINS & MORE 
Collins 51Sl Receiver $1450.00 
Collins 75S38, Ham rcmr 5750.00 
Collins 75S38, late, round $900.00 
Collins 31284 Exc. cond. round $250.00 
Collins KWM-i transcvr. b . ~ .  $695.00 
Collins CP-1 crystal Pack $195.00 
Collins 32S3 Ham Xmtr. $795.00 
Drake SPR4, new, boxed, w/options 

S550.00 

I 
---. -. 

Henry 4K linear amp., exc. $1250.00 
Heath VHF-1 Seneca. 6/2m xmtr. $125.00 
HP 608D 10-420 MHz sig gen. $595.00 I 
We stock good used equipment from Collins, 
Drake, Heath ahd oLher manufacturers. Hundreds 
of test items also available. Call for specific re- 
quirements, or wrile for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201-998-4256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 
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THE FRENCH ATLANTIC AFFAIR 
by Ernest Lehrnan, K6DXK 

An award-winning screenplay writer 
(six Writers' Guild awards and six 
Academy Award nominations) of such 
well known films as "West Side 
Story", "Sound of Music", "Who's 
Afraid of Virginia Woolf" and "Black 

where Amateur Radio is the hero! 
K6DXK is an active DX'er and rag- 
chewer and i t ' s  obvious as you 
become engrossed in this thrilling 

Sunday" has produced the first novel 1 

tale of adventure and intrigue on the 
high seas. A multimillion dollar ran- 
som-will save the lives of thousands 
aboard ! 
Discover how a tiny Amateur trans- 
ceiver foils the excessive demands 
of the dejected hijackers. Interna- 
tional suspense and romance sur- 
round this dynamic novel. 

Order A-FAA For just $10.95 

Recommended for mature readers. 

86METER DX HANDBOOK 
by John Devoldere, ON4UN 

The 80-Meter DX Handbook is an in- 
valuable aid for any DXer, for any 
band. One of the foremost authorities 
on 80-meter DXing has compiled much 
of his experience and methods into 
this book covering such interesting 
and timely subjects as Grey-line prop- 
agation, antennas, and station config- 
uration. A few hours of reading and 
you'll find that it does not require a 
super station or antennas to meet 
the exciting challenge of 80-meter 
DXing. 

Order HR-BOM Only $4.50 

Please send me the book(~) I have checked below. 
1 enclose check or money order. 

The French Atlantic Affalr 80 Meter DXing 

Name 

Address 

GREEN VILLE, NH 03048 City S t a t e d i p  
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INCLUDING SAROC'S THIRD HAWAIIAN CONVENTION 
November 4 to 11,1977 

SPEND 8 FABULOUS DAYS I N  EXCITING HAWAII ON SAROC'S HAWAII WEEK 
Your hoilday Includes: 

Attendance at SAROC Hawallan Convention. Saturday and Sunday, November 5 and 6. 
Seven nlghts at the fabulous HYAlT KUlLlMA RESORT HOTEL and COUNTRY CLUB on Oahu's North Shore. 
Roundtrlp alr tmnsportatlon, double occupancy in hotel room and SAROC Advance Registration Just $350 per person. Limit 2 
pieces of luggage per person. Tax and gmtulty included. 
Departs Los Angeles, November 4,1977 - Returns November 11,1977. (Note: These dates have beon mvlsed.) (OTC Filght) 
$100 deposlt Immediately. full payment by September 15.1977. 
SAROC Advance Reglstratlon $3.00, with Saturday Banquet $11 per person. 

Write for further details 
BOX 945, BOULDER CITY, NEVADA 89005 

PREAMPS from LUNAR 
O r l g ~ n a l l y  developed by  C t i l p  Ang le  NGCA, the  "Angle l inear"  
rece lv lng  prearnpI l f ,ers m e e t  t l i ~  m o s t  d e r n a n c l ~ n g  needs  
where  l o w  n o s e  f l e u r r  IS l rnoor tan t  

Model 

28 N 
28W 
50 
144N 
144W 
222 
432-2 
E432-3 
450-2 
490-2 

Noise 
Figure 
1.25 
1.25 
1.5 
1.5 
1.5 
2.0 
1.6 
1.0 +. .1 
1.7 
1.7 

Bandwidth 
3 dB 10 dB 

1.3 4 
2.6 7 
2.5 5 
2.5 8 
5 15 
6 18 
150 400 
180 325 
150 400 
150 400 

List 
Price 
34.95 
34.95 
34.95 
34.95 
34.95 
34.95 
39.95 

125.00 
39.95 
44.95 

B N C  Connec to rs  s tandard .  excep t  E432.3 SMA only. Others.  
s p e c ~ f y  RCA Phono. TNC. etc. 
N e w  "Angle l inear"  l i ne  p r o d u c t s  c o m i n g  soon: P r e a m p s  t h r u  
2.5 GHz. conver te rs  & t ransver te rs  s y s t e m s  f i l t e rs  2 8  M H z  
t h r u  2.5 GHz. 

Write for descriptive brochure on all Lunar Products. 
Please add 53.00 shipping/handling 

Ca l l fo rn la  r e s ~ d e n t s  a d d  ti",,. Order  today a t  your  dealer  o r  
d l rec t  f rom:  

P 0 BOX 82183 ctro nits SAN 714 222 DIEGO 9518 C A ~ I  

L o t r ~  N Aru naux WBGNMT 

..... ........ ... .... .... .... ... .... .... .... MODEL 4X6C .... ..... 
.:.:.:::: 
.... .... ..... .... .... .... .... .... .... .... 

Czi ..... 50 HZ-250 MHz . . . . . . . . . . . . . . .  ~ 2 7 0 . ~  @:: .... .... :. ....... .... .... .... ...... .... 

300 and 500 MHz PRESCALERS 
FREQUENCY STANDARDS 

MARKER and PEAKING GENERATORS 
POWER SUPPLIES AMPLIFIERS 

.... .... ...... .... .... .... .... .... ........ ..... .... WRITE FOR FREE CATALOG .... .... ... 
.:.:.:.,. 
.... .... ........ .... .... 

.... .... ..... ..... ........ .... .... .... .... .... .... K-ENTERPRISES .... :.:.:.:.: ...... .... ... ..... ........ .... .... .... .... ..... .... .... .... .... .... .... .... 
.!!!!!tit BOX 410 (N.W. of town) FAIRLAND, OK 74343 $$$ ..... ......... 
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I LUNAR I 
I proudly announces a NEW 2-Meter AMPLIFIER/PREAMPLIFlER I 
I the 2MIO-80P I 
I The Marriage Between Power Amplifiers and Receiving Preamplifiers is Finally Consummated! Lunar 

' Offers an SCS 2M10-80L Power Amp and an "Anglelinear" 144W Preamp in a Single, Functionally- 
Designed Package that Combines Two Superior Products Into One! I 

Features: 
*Ten watts Input - eighty watts output 
*Harmonic reduction exceeds -60 dB to meet FCC RUO 

20777 Specifications 
*Variable T-R Delay for CWlSSB 
* Functionally-Designed Extrusion Includes Mounting Lip 
*Preamplifier Selectable Independently of Power Amplifier 
*Automatic T-R Switching of Amp & Preamp 
* Preampgain: Nominally 11 dB 

Noise Figure: Nominally 2.5dB 
(Including Relay Losses) 

* Remote Control Head Available Separately 

I Introductory Price: . . . . . . . . . . . Lunar Model 2M10-80P . . . . . . . . . . . $189.95 
Please add $3.00 shipping and handling I 

Also From Lunar 
Avallable Now. Complete Llne of Separate Preampllflen 

50-450 MHz 
Comlng Soon: Complete Llne of 50-450 MHz AmplPreamp 

Combinations 
Preamps Through 2.5 GHz P 0 B O X 8 2 l b l  

ct ,lies s m  D m o  
Transverter Systems 50 MHz-2.5 GHz 714 w 9518 

Converters and Filters 28 MHz-2.5 GHz Luubr N Anraaux WB6NMT 

Californ~a residents add 6%. Order today at your dealer or direct from. 

I 

j COMPLETE PACKAGE i 
I I 

I I 
I MULTI-BAND I 

1 ANTENNA SYSTEM 
I Employ~ng the famous Savoy yealed reso- ' 
I nator & spectal balun. Power level up to 1 
1 4 KW PEP. 
I Model DGA 2040 $59.50 1 
I Model DGA 4075 $59.50 1 
I Please state portlon of band you wish to have pre-cut. I 

I MOBILE ANTENNAS 15rn. 20rn. 40m and 1 
I 2rn. $29.95 , 
) MOBILE CB ANTENNA: K Firestick $14.95 1 

I ANTENNAS BY SAVOY I 
I 2100 Powerline Road I 
I Pompano, FL 33060 I 

I i No CODr. Please add $1.50 handling charge. 1 
I----------------------------------! 

R U ~ G ~ .  plastic 
encased with Price $19.95 
leads . Adjustable frequency Freq- set at 
(98-250 Hz), Lower $5:gtzz, 
available 

RECEIVER MODULE KIT 

Use thts module a s  Ihe heart of your homebrew 
recelver or transceiver Your d~recl conversion 
recelver can have excellent senslllvlty and st111 relect 
strong stgnals Module operates lrom 9 to 15 volts 
w~th low ~dle current dram Up to 1 watt output 
drtves your speaker or headphones Use wlth your 
VFO or bu~ld one Irom our k11 

Receiver module kit 39.95 ppd 
VFO module kit 29 95 ppd 

spectly 80 or 40 meters with order 

ORDER FROM 
DIRECT EtlNVERSlON TECHNIOUE 

3132 North Lowell Avenue 
Chicago, lllinots 60641 

I m m m 1 1 1 1 1 1 1  
m m  Available directly 

plug i t  i n  l ike a key KEYBOARD I I f r o m t h e f a c t o r y f o r  
and send perfectly TO only $225 plus post- 
t imed Morse code as age & handling. Mas- 

easily as typing a let- 
ter. Sidetone and 

MORSE CODE tercharge or Banka- - mericard accepted. 
I buffer register make Call or write t o  order I 

I 
it simple t o  send at  or request complete 

the speed you select. A'RO N I C S options. specifications 

BOX 77, ESCONDIDO, CA 92025 
(714) 745-1971 andj 



I SEND FOR FREE COMPLETE MAIL ORDER CATALOG I 
SST T-1 RANDOM WIRE ANTENNA TUNER 

Larsen Antennas 
A l l  band o p e r a t i o n  mus t fo rF ie ldDay .S ize  
(180-10 meters wi th  most 2 x 4-114 x 2-38, Built-in to f ~ t  Any Mobrle Unit 

any random length wire. neon tune-up indicator. 

MODEL104R 

h v u l s  115 vcik AC la 13.6 Vms 
DC t 200 mlll~volts Handles 4 
amps mn~~nuous and 6 amps max. 
Ideally sulled la appllcallom where 

aesllat DC stability 1s lmpmanl. w h  as CB lransmlssm, small Ham 
radio transminer. and hlgh qualily mghl-back car slweos Can be wed lo 
b~cklc-charge 12 volt car banertes 

wl f o r  an Economy Price? 
THAT 'S  RIGHT! 

qual i ty and  rel iabi l i ty a t  an economy 
price. The new Econo-Line gives you  
everything that  you've come t o  expect 
f r o m  TPL at a real cost reduction. The 
latest mechanical and electronic construe. 

160.1DAT 
SUPEATUNERTM 
Wan1 .In antenna tuner lo 
match everyrh~rq between 
160 and 10 through bal- 
anced I~ne, coax l~ne and 
random Ilne. Super- 
tunerTM is the one lor you 
at just $129.50 
160-(OAT-3K 
SUPER SUPERTUNERTM 
D~lgned and engineered to 
be compat~ble wlth the 
full-wwer hlghly efficient 

modern amplifiers now 
ava~lable to the amateur. In 
our ooinlon the finat 
&er the market today. 
$229.50 
80.10AT 
SKYMATCHERTM 
Here's an antenna tunu for 
80 through 10 meters. 
handles full legal P o w  
and matches your 52 ohm 
tranlcetver to a random 
wlre antenna. 80-TOAT IS 
yours for only $59.50 

t l on  techn~ques c o m b ~ n e  t o  make the 
Econo L ~ n e  your  best amplifier value 
U n ~ q u e  broad band clrcuttry requlres n o  

4,' ,,,"I I,. - tunlng throughout the entlre 2-meter band 
- and adjacent MARS channels. See there 

m ~ s ~ r ~ ~ ~ r ~ 1 1 m 1 7 5 . 4 0  620rmrmlmn*om~~l- oreat new addit ions t o  the T P L  COMMUN-  
m anylrrplh horn 24 la 70 M . noextra b.lurw trammalch . port.bl.-r.clr a .lor.. ,n rnsnules . small lCAT lONS Product l ine at  your favorite 
.nou~~oh~m.n~o)  . ~ . n m n t  . IJIUP.ICOI~ larswu amateur radio dealer. 

~D",:~",",',9",;:",~~~~~~;l~$*;;",~~~,a!";3; For prices and specifications please wr i te  

, n c ~ u ) n  p . 0 ,  01 -I*))-- ~ n c h  6.. 4 44nch I- for  our Amateur Products Summaryl FCC 
corn. contannm~ 335 1-1 of raLatmp comucta b.1"" 50 t ype  accepted power amplifiers also avail- 
RGWIU coax PL259 con-lor n y ~ n  r o w  6 mslruclton man. . mrln ul. by US Dspl olSI.tc US Army r.dloSChmlS, able' Please call Or write a copy 
01- thous.nds d harm !he world over TPL's Commercial Products Summary. 

1 , , MakeIModel X m i t  Freq. Rec. Freq. 

TWO METER 

Standard l c o m  Heathkit  Ken 
Clegg Regency *Wilson V H F  Eng 

Drake A n d  Others! 

$4.50 @ Lifetime Guarantee --------------- --- 
@en 9AM to 9PM 

Master Charge 81 BankAmericard accepted on most orders. Mon.-Frt. 

1 
Name Call Sat 9 6  

I 
Address 

Prices FOB Medford 
MA. All units can be 

209 M y s t ~ c  Ave. 

I 
Medtord MA 021  55 

State Z i p  sh ipped  UPS. M A  
residents add 5% sales 

I 
1 1617) 3 9 5 8 2 8 0  Order: 

New England's 
tax. Orders over $1200 I 
deduct 5%. Add $3.50 for I I Friendliest Ham Stwe shipping & handling on 

I FREE Gift With Everg Order ! ALL SALES FINAL ! I*. Orders. I 
1 - - - - - -  J 
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of  the largest convention ever held exclusively devoted t o  home  81 hobby computing ( over 300 pages of conference papers, including: I 
Amateur Radio & Computers 

Ham RTTY: In Evolution & Future 
Generate SSTV with Your SWTPC 6800 
CW Operator's Utopia - 

Automatic Transmission & Reception 
Microprocessor Control of a VHF Repeater 

Electronic Mail 
DIALNET and Home Computers 
CB Computer Mail? 

Order now from: Proceedings: 
Computer Faire Shipping & Handling: 

Computer Networking for Everyom, 
Design Considerations for a Hobbyist Computer Network 
A Network of Community Information Exchanges 
Community Memory 

plus, lots more (22 other Sections including:) 
Tutorials for  the Computer Novice. 
Homebrew Hardware, Bus & Interface Standards, 
Computer A r t  Systems, Music & Computers, 
Computers for  the Physically Disabled, etc. 

$12.00 ($1 1.95, plus a nickel, if you prefer) 
.68 (Write for shipping charges ouside U.S.A.) - . .  - 

Box 1579 $12.68 Pavment must accomvanv the ordek 
Palo Alto CA 94302 Californians Adtl: .72 6% S;~les Tax 

$13.40 Pavment must accorn~any the order. 
april, -77 - san fx-ancisco 

CENTRAL NEW YORK'S FASTEST 
I GROWING HAM DEALER I 

FT-1O1E TRITON I V  

I Featur ing - Yaesu. Atlas. Dentron, Ten. 
Tec. Swan. Regency. Standard. Tempo. 
KLM. Hv-Gain. Moslev. and Larsen. I 
We servlci ewryth~ng we-&! ~ r i ( e  or call for 
quote. YOU WON'T BE DISAPPOINTED. 

IR We are just a few minutes off the 
NYS Thruway 0.90) - Exit 32. 

C W Sandin' Mgchina 
IAMBIC MEMORY KEYER WITH DOT 
AND DASH MEMORIES STORES UP TO 
EIGHT DIFFERENT MESSAGES IN 2048 
BITS OF MEMORY. 

$1 50. 00 Prepaid Shipping USA 

H. ALAN HARP K4PB 
718 MAGNOLIA DR. 

LAKE PARK, FLA. 33403 
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SPECIALS FROM electrogcs 
Fairchi ld V H F  Prescaler Chips 
llCOlFC High Speed Dual 5-4 Input no/nor 
11C05DC 

15.40 
1 GHz Counter Divide by 4 

11CI)SDM 1 GHz Counter Divide by 4 
74.35 

110.50 
llCO6OC UHF Prescaler 750 MHz D Type tlip/flop 12.30 
llC24DC Dual TTL VCM same as MC4024P 2.60 
llC44DC Phase Freq. Detector same as MC4044P 2.60 
llC58DC ECL VCM 4.53 
11C7ODC 600 MHz flip/flop with reset 
llC83DC 1 GHz 248/256 Prescaler 

12.30 

llC9ODC 650 MHz Prescaler D~v~de by 10/11 
29.20 

11C9ODM same as above except Mil. version if;::: 
1lC91DC 605 MHz Prescaler Divide by 5/6 
11C91DM same as above except Mil. version 

16.00 

95HWDC 350 MHz Prescaler Divide by 10/11 
24.00 

95H90DM same as above except Mil. version 
9.50 

95H91DC 350 MHz Prescaler Divide by 5/6 
16.50 
9.50 

95H91DM same as above except Mil. version 
Batter ies 

16'50 

Gel-Cell 12 volts at 1.5 Amp Hr. #GC-1215 519,95 
Crystals JUST radios have just been 
1.000000 MHz 4.95 pulled out of service. Set up for approx. 150 MHz. 
5.000000 MHz 4.95 Clean. All tubes included. No accessories. Prices 
3579.545 KC 2.95 FOB Phoenix. 
10 MHz $4.95 Motorola U43 GGT ~ ~ 9 . 9 5  

GE TPL 499.95 
GE MT-33 $39.95 
GRClO Radio Set $169.95 

Motorola MC14410CP CMOS t o n e  Generator uses 1 MHz Crystal to 
produce standard dual frequency telephone dialing signal. Directly compatible with 
our 12 key Chomeric pads. Kit includes the following. 

1 MC14410CP 
1 1 MHz Crystal 
1 Printed Circuit Board (From Ham Radio Sept. 1975) 
And all other parts for assembly. NOTE: Touch Tone Pad not included! $15.70 
Fairchi ld 95H90DC Prescaler divide by 10 to 350 MHz. Will take any 35 
MHz Counter to 350 MHz. Kit includes the following. 
1 95H90DC 

1 2N5179 
2 UG-88/u BNC's 
1 Printed Circuit Board 
And all other parts for assembly. 

$29.95 
Fairchi ld l l C 9 O D C  Prescaler divide by 10 to 650 MHz. Will take. any 65 
MHz Counter to 650 MHz or with a 82590 it will divide by 10/100 to 650 MHz. 
This will take a 6.5 MHz counter to 650 MHz. Kit includes the following. 
1 11C9ODC 
1 215179 
2 UG-88lU 
1 MC7805CP 1 Printed Circuit Board and all other parts for assembly. 
1 Bridge 82590 add $5.70 to total. 

$59.95 
Fairchi ld 3817 Clock K i t  from Ham Radio, Fcb. 1976, Pq. 26 - All parts 
included except transformer and case. 12 hour $24.95 24 hour $29.95 

I.C.'s I MuRata 10.7 MHz Ceramic Filters 
82238 $3.00 #SFW-10.7MA $3.95 

10.7 Narrow Band Crystal Filters 
2102 $1.99 Type 2194F $7.95 each 

Johanson a n d  Johnson Ferr i te Beads 
T r i m m e r  Capaci tors 12 for .99 or 
1 to 14 pf. $1.95 120 for 9.99 
1 to 20 pf. $1.95 

FET's 
2N3070 1.50 2N5460 .90 MFE3002 3.35 
213436 2.25 2N5465 1.35 MPFlOZ .45 
213458 1.30 2N5565 5.45 MPFlZl  1.50 
213821 1.60 3N126 3.00 MPF4391 
2N3822 

.80 
1.50 MFE2000 .90 U1282 

2N4351 2.85 MFEZOOl 1.00 MMFS : 214416 1.05 MFE2008 4.20 40673 
2N4875 1.75 MFE2009 4.80 40674 1.49 

. - 

TUBES 
2E26 5.00 572B/T160L 25.00 7377 40.00 
3828 4.00 811A 9.95 8156 3.95 
4X150A 15.00 931A 11.95 8908 9.95 
4X150G 18.00 5849 32.00 8950 5.50 
4CX25OB 24.00 bLab 4.50 4 - ~ O O A  29.95 
4CX350A/8321 35.00 6146A 5.25 4-250A 
4CX15000A 150.00 61468/8298A 6.25 4-125A ::::: 
OX415 25.00 6360 7.95 4-65A 15.95 

6907 35.00 

F-18X 

TRANSFORMERS 
F-93X 6.3vct at 6 amps 3.56 

6 . 5 ~  to 40v at 750 ma. 3.53 
F-92A 6 . 5 ~  to 40v at 1 amp 4.59 
N-51X Isolation l l5vac at 35va. 2.80 
Model D-2 6 . 5 ~  at 3.3 amps 4.95 

6 . 5 ~  at 3.3 amps 
BE-12433-001 30v at 15 ma. .49 
BGH-9 b.3vct at 10 amps. 6.95 
F-1072 12V @ 4A or 24 V @ 2A 7.80 
P6377 12v @ 4a or 24v ~2 2a 6.31 
P6378 12v @ 8a or 24v @ 4a 10.31 
P8196 80vct @ 1.2a 6.28 

N e w  Motorola Carbon Micro- 
phone Mode l  P-7255A. 
This unit is a "noise cancelling" palm 
type microphone. These mikes come 
with or without cables. Price without 
$19.95 - with $29.95. 

- - - - . 

FANS 
Pamotor Fans, Model 4500C 117 
VAC, 60 Hz, 19 w. $7.95 

RF TRANSISTORS E. F. Johnson Vair. Capaci tors 
189-1-4 1.2 to 4.2 pf .99 149-504-4 1.5 to 5 pf 

2N1561 15.00 2N3927 11.50 2N5641 4.90 / 189-4-5 1.5 to 9.1 pf .99 189-355-5 1.7 to 11 :; pf 1.39 
.99 

DIODES 
1N270 Germanium Diodes $?.95/c 
Semtech SFMS 20K, 20KV, 10 ma 
fast recovery $1.26 e i  

p.623BMicrGv;Get,65;5 
MHz to 7175 MHz $900.00 
Beckman to Beckman Model 6127 Eput 
meter with Model 607 Heterodyne plug 
in DC to 1 GHz. $900.00 
H.P. TS510 A/U/H.P. 6080 UHF Sig- 
nal Gen. 10 MHz to 420 MHz. $500.00 
H.P.HO~-624~ / KS16647 Microwave 
Signal Gen. 10.7 GHz to 11.7 GHz. 

$900.00 
Motorola MR510 Diodes 1000 piv @ 
3 amp. $9.90/20 PCS. 

211562 15.00 2N3948 2.00 2N5643 20.70 
2N1692 15.00 2N3950 26.25 2N5764 27.00 
211693 15.00 2N3961 6.60 2N5841 11.00 
212631 4.20 2N4072 1.70 2N5842/MM1607 19.50 
2N2857 1.80 2N4073 2.00 2N5849/MM1622 19.50 
2N2876 12.35 214135 2.00 2N5862 50.00 
2N2880 25.00 2N4427 2 215942 49.50 
212927 7.00 2N4430 20.00 2N5922 10.00 
2N2947 17.25 2N4440 8.60 2N6080 5.45 
212948 15.50 2N4957 6.30 2N6081 8.60 
212949 3.90 2N5070 13.80 2N6082 11.25 
2N2950 5.00 2N5090 6.90 2N6083 12.95 
2N3287 4.30 2N5108 3.90 2N6084 14.95 
2N3300 1.05 2N5109 1.55 2N6166 36.80 
2N3302 1.05 2N5177/MRF5177 20.00 MRF8004 1.90 
2N3307 10.50 2N5179 .68 HEPS1014/76 4.95 
2N3309 3.90 2N5184 HEPS3002 
ZN3375/MM3375 7.00 2N5216 47.50 HEPS3003 

11.03 

213553 1.80 2N5583 5.60 HEPSM05 y::; 
2N3571 4.10 2N5589 4.60 HEPS3006 19.90 
2N3818 6.00 2N5590 6.30 HEPS3007 24.95 
213824 3.20 2N5591 10.35 HEPS3008 2.18 
2N3866 1.09 2N5635 4.95 HEPS3010 
2N3866 JAN 4.14 2N5636 11.95 RCA TA7994 50.00 
2N3866 JAN TX 4.85 2N5637 20.70 RCA 40290 
2N3925 6.00 215643 20.70 2'48 

We a lso  have t h e  fo l low ing  W i l c o x / S ~ e r r y  c i rcu' t  boards  i n  stock. 
#118788/6118788 #118374/6118374 #117867/6117867 
#117198/6117198 #117535/6117535 
#118817/6118817 #117752/6117752 

189-5-8 1.7 to 11 pf .99 189-352-5 1.3 to 5.4 ,r pf 1.39 
189-6-8 1.8 to 13 pf .99 ,a - - Differential 

-- - 
JUST ARRIVED ! 
Wilcox/Sperry C i rcu i t  Boards: 
#118273/6118273 This board has many valuable parts including the following: 
1 each crystal 9.700000Mc 1 each 21115486 

9.800000Mc 5 each 2N5208 
9.900000Mc 4 each 214126 
92.734000Mc 4 each 2N3563 
93.134hOOMc 2 each 2N4259 
93.535000Mc 3 each #189 - 4 - 51 cap 1.5 to 9.1 pf 
93.935300Mc and about 100 more capacitors, resistors, coils 
94.335500Mc etc. Only $19.95 

-- - 

#118821/6118821 Th is  board has many valuable par ts  including the  
foilowtng: 4 each 16 pin dip sockets 

22 7490 1 7474 
74123 1 7400 

; MCBMO 1 DM8820 
7405 1 2N4401 

and about 35 more capacitors, resistors, crystals, connector Only $4.95 

#118376/6118376 Th is  board has  m a n y  valuable par ts  inc lud ing  t h e  
following: 
4 each MC1213 3 2N3553 
1 MC1234 1 IN4004 
4 MC724/824 and about 38 more capacitors, resistors, 
5 MC790/890 coils, connectors Only $8.95 

2543 N. 32nd STREET m] -1 
PHOENIX, ARIZONA 85008 I 

PH. 602-957-0786 NO C.O.D. - 
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Recommended for mounting inside transceivers - on19 1/2 x 2-3/8 inches 

M O D E L  R A N G E  

P8-30 20-83MHz 
P8-150 83-1 90 MHz 
P8-220 220-230 MHz 
PI6 (WD) Give exact freq. 

P9" KIT $9.95 PI4 WIT $19.95 1 
Premium model where space permits - 
1-1/2 x 3 inches. Ideal for OSCAR1 

M O D E L  R A N G E  
P9-30 26-88 MHz 
P9-150 88-172 MHz 
P9-220 172-230 MHz 
P14 (Wb)  Give exact freq. 

PI5 KIT $15.95 
P35 W/T 134.95 

l Available for 
onv band 
380-520 MHz -1 
l 20 dB gain 

200 MW EXCITER MODULE KITS 

T40-11 Eleven Chonnei Exciter for 2M, 
6M, or 220 MHz.. . . . ... .. . .. $39.95 

T40-1 One Channel Exciter.. . . . 34.95 

T20 Trlpler/Driver Modulo Kit. 150 mW 
2M input. 200 mW 450 MHz output $19.95 

RF POWER AMPLIFIER MODULES 

l N O  TUNING mVSWR PROTECTED 
l 150 MW DRIVE l COMPLETELY STABLE 

T80-150, 140-175 MHz,20-2%' output, 
wired and tested, simply connect your 
cables.. . . . . . . . . . . . . . . . . . . . . $79.95 

T80-450, 430-470 MHz, 13-15W 79.95 

VHF MObELS FORANY BAND 28240 MHz 

R60-( ), 0.5-1 uV sens, incl VHF Converter 
and IF/Audio Boards.. . . . . . . . . . . $64.95 

R69-( ), 0.2-0.4 uV sens, incl P9 Preamp, 
VHF Converter, and IF/Audio . . . $69.95 

Crystals (We stock common freq and wi l l  
order specials). .. . . ...... $5.50 

I UHF MODELS FOR ANY BAND 380520 MHz 

4 ONLY $7.95/ea. - 
TE-3 RF Detector Probe for VTVM, good 

from 100 kHz to over 500 MHz 
TE-4 Direct Probe for ac/ohms, etc. 
TE-5 DC Probe w/res for 11 meg input VTVM 
TE-6 Blocking Capacitor Pmbe for counter, 

sianol aenemtor, etc. 

R60-450, 5-10 uV economy rcvr, incl UHF 
Conv 8 IF/Audio Bwrds only. .. . $59.95 

R80-450, 2-5 uV sens monitor rcvr, incl UHF 
Conv, VHF Conv, and IF/Audio . $84.95 

R95-450, 0.4-1 uV sens rcvr, incl P15 Pre- 
amp, UHF Conv, VHF Conv, and IF-Audio 
Boards.. . . . . . . . . . . . . . . . . . . . . . . $94.95 

A N T E N N A S  - 
STOCKED IN DEPTH 

REQUEST CATALOG FOR MORE DETAILS 

14AVQ 10-40M Vertical $67.00 
18AVT 10-80M Vertical 97.00 
18HT 10-80M Hy-Tower Vert 279.95 
TH3-MK3 Tribonder 199.95 
TH3-JR Tribonder 144.50 
TH6-DXX Tribander, 6 element 249.95 
2BDQ 80-40M Tmo Dioole 49.95 

', 2 "* ' 

Low noise FET ., +&9+,T,& 
front end 

I 
l All common i f ' s  _T  _ , . 
l Great for OSCAR! >6 AA 
l Low power drain 

Crystals available 
for any desired freq scheme I bble. ~ e ~ u e r ;  cotolog for more information. 1 I 

LM-150 5/8 wove 2n ' ' '  r-9 oc I I I MODEL C25 VHF CONVERTER KIT ( s s  I LM-220 5/8 wove 22 
T--.-- 

l Models for 2M, 6M, 10M, 220 MHz, air- 
craft, com'l, etc. l Stable cascode rf stage 
l 0.3-0.5 uV sensitivity l 10-20 dB gain 

Compact 2-1/2 x 4-1/2" pcb l Any if 
10-50 MHz l Featured in  HR mog article 

MODEL U20-450 UHF CONVERTER $ 19.95 

We have a large stock of these whips. 

Pick the mount and whip which are right for 

SUPERIOR 
voul AII whips and mounts are interchange- QUALITY - 

rerer wnlp . . . . . xa .02  

0 MHz whio.. . 23.85 

Yet only $189.95 
LM-440 Colinear 45( 
Q 1/4 wave whip 14-49 - 

I 
I ,  I V r n , , "  ,.I", 

KNO,,,, "" ' 
MM-LM-K Mognet Mount.. . . . . . . . $14.60 
LM-K 3/4" Blind Hole Mount.. 6.35 HAVE I n c M  1 1 .  

GC-LM-K Gutter Cl;n Motmt ...... 14.60 W I T H  CRYSTAI 
TLM-LM-K Trunk Lio 

. - 
MHz whip.. .. 23.85 

0 MHz 2.65 I IF Y O U ' V E  HEARD THE NEW 
u " - r A ' * l  HT, Y O U  ALREADY 

, I I ;, r A N T A S T I C I  WE 
*,,F.. ' U  STOCK COMPLETE 

LS A N D  A C C Y ' S  

. -  - 

l For 432-435 MHz ssb, atv, OSCAR, 450 M E - K  Trunk &tter Mount 

MHz fm, aircraft, com'l, etc. l Economy 
converter l Use with PI5 Preamp for optimum Model Price Intermittent Cont 
performance l Any if 10-160 MHz 

$29.95 2.5A 1.5A 
39.95 4A 2.5A 

104R 49.95 6A 4A 
XTAL (either of above) s= 'J  108RA 79.95 12A 8A 

We hove large stock of popular ontennos. 108RM' 99.95 12A 8A 
Coll or write for quote or more information. 109R' 149.95 25A 10A 

*Ind~cates model which has panel meter(s) 

l CALL OR WRITE huw run TALOG OR 
TO PLACE YOUR ORDER! 
PHONE 716-663-9254,gAM-9PM EST DAILY. 
Use your credit card or C.O.D. 
l Specify oDeratina freq l Add $1 shipping and handling. 

182H BELMONT RD., ROCHESTER, NY 14612 
1 

CI - 
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KENWOOD TS-520s SSB transceiver 
NEW TS-520s features: 160 thru 10 metercoverage Optional 
DG-5 digital frequency display (on top of unit) New speech 
processor with audio compression amplifier Built-in AC power 
supply (DC-DC converter, optional) RFattenuator, front panel 
act~vated Provision for separate receive antenna Provision 
on back for phone-patch. 

649.00 list price. Call for quote. 

KENWOOD TR-7500 2m FM transceiver 
The NEW TR-7500 has the features you need! Check these: PLL 
synthes~zed 100 channels (88 pre-programmed. 12extra diode 
programmable) Single knob channel selection 2-DIGIT 
LED frequency display Powered tone pad connec- 
tion Helical resonators 10 watts HI  output, 7 watt LOW 
output. Available very soon! Call us for quote. 

Price to be announced.. . 

KENWOOD TS-600 
6m transceiver 
Full 4 MHz coverage Modes: SSB. 
FM. CW, A M  Repeater activa- 
tion 11 f~xed channels (crystals 
optional) Built-in AC/DC op- 
eration Noise blanker Ampli- 
fied-type AGC circuit Fully equip- 
ped RF w/dual-gate MOS FET. 

649.00 list price. Call for quote. 

KENWOOD TS-820s 
transceiver 
Features Factory installed digital 
readout 160 thru 10 meters 200 
w a t t s  PEP I n t e g r a l  I F  
sh i f t  Noise blanker VOX 

PLL DRS dial IF out, RTTY. 
XVTR capabilities RF speech 
processor. 

1048.00 list price. Call for quote. 

TR-2200A W' 
2m FM transceiver 
Features: Sol id-state con- 
struction * 2 watts H1.0.4 watts LOW 
output 12 fixed channels (6 
supplied) U wave telescoping 
antenna Rechargeable Ni Cad 
batteries Lighted channel in- 
d~cators * Hand-held microphone. 

229.95 list price. Call for quote. 

Remember, you can call TOLL-FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Hours: 9:00 AM ti1 5:30 PM, Monday thru Friday. 

- 
MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS 3521 lOTH AVENUE NORTH BIRMINGHAM. ALABAMA 35234 
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FROM YAESU 

FT-301 S 
Analog Dial-20 Watts PEP 

FL-110 Broadbanded Solid State Linear 
200 Watts Output-Power When You Need It 

. .-- 
a 

FT-301 SD 
Digital Dial-20 Watts PEP 

CUT YOUR ELECTnlClTv ? A / - ! - ?  

Do your part in Uncle Sam's energy conservation 
program. Obey FCC rules that tell you not to run 
more power than is needed. But when the going 

gets tough, switch in the linear! 

Yaesu's Deluxe Accessories Complete Your Station 

Shown above: Deluxe Power SupplyISpeakerlDigitaI Clock and Programmable CW Identifier 
a FT-301SD Transceiver a External VFO Monitorscope 

For a copy of our latest catalog, send your 
name, address, zip code and ham call sign. 

YAESU ELECTRONlCS CORP., 15954 Downey Am., Pammount, CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 





back' 
in be' 

FILL IN THIS 
CARD AND 

I am not on your r n n ~ l ~ n g  1 1 ~ 1 .  

! 
Take your pick 

FREE! IlluIl La,Y ,lYw 

I 
I 

kits sir 
,,:I ,, 

leader 
Ice 194' 



I Get your very own copy of the latest 
I r,p -?y / c j , w F 1  '"r . ?  T p  F m  

I a/ i 

I I MAIL-ORDER KIT CATALOG 

p\ Kits for almost 
everything in 

e--- eleclronlcs; auto 
.A and marlne 

accessories, 
TV, stereo hl-fl, 
home products 

and much 
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