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Tempo VHFIONE 
t / / ( ,  "0,; l ) O O / /  ' L Y ~  i~('(ptl \r ~ / I / I I I L /  / o r  

N o  need t o  wai t  any longer - this is it! Whether you  are already o n  
2-meter and want  someting better o r  you're just th ink ing of  getting 
in to it, the VHFIONE is the way t o  go. 

Ful l  2-meter band coverage (144  t o  148  MHz for  transmlt and receive. 
Ful l  phase lock syntheslred (PLL) so n o  channel crystals are required. 
Compact and l ~ g h t w e ~ g h t  - 9.5" long x 7" w ~ d e  x 2.25" h~gh .  We~ght  - 
About  4.5 Ibs. P rov~s~ons  f o r  an  accessory SSB adaptor. 5d1g1t  L E D  
recelve frequency d~splay.  5 K H z  frequency select~on for F M  operation. -1 

Automat ic  repeater spl i t  - selectable u p  or d o w n  for  normal or reverse 
operation. Microphone, power cord and mount ing bracket included. 
T w o  bui l t - in  programmable channels. A l l  solid state. 1 0  watts output. 
Super selectivity w i t h  a crystal f i l ter a t  the f irst I F  and E type  ceramic f i l ter 
a t  the  second IF.  8 0 0  Selectable receive frequencies. Accessory 9-p in 
socket. $495.00 

TEMPO SSBIONE 
SSB adapter fo r  the Tempo VHFIOne 

Selectable upper o r  lower sideband. P l u ~  directly i n t o  the VHFIOne w i t h  
n o  modification. Noise blanker bui l t- in. RIT  and V X O  fo r  fu l l  frequency 
coverage. $225.00 

TEMPOiCL 146A 
. . .a VHFlFM mobile tran- 
sceiver for the 2 meter amateur 
band. It is compact, ruggedly 
built and completely solid state. 
One channel supplied plus two 
channels of your choice FREE 

144 to 148 MHz coverage Multifrequency spread of 2 MHz a 12 channel 
oossible Meterina of o u t ~ u t  and receive a Internal speaker, dynamic I 
hicrophone, mountling bracket and power cord supplied; A Tempo "best 
buy" at $239.00. 

TEMPO fmh 
So much for so litt le! 2 
watt VHFlFM hand held 
6 Channel capability, solid 
state. 12 VDC. 144-148 MHz 
(any two MHz), includes 
1 palr of crystals, built-in 
charging terminals for ni- 
cad cells. S-meter, battery 
level meter, telescoping 
w h ~ p  antenna, internal 
speaker & microphone. 

$199.00 

new as tomorrow! The superb CL-220 
bod~es  the same general specifications as 

e CL-146A. but operates in the frequency 
ranne of 220-225 MHz (anv two MHz without 

TEMPO 
6N2 - - 
The Temoo 6N2 meets the demand for a 7 - ~  - - - -  - - -  - - .  - 

high power six meter and two meter 
power amplifier. Using a pair of Eimac 
8874 tubes i t  prov~des 2000 watts PEP 
Input on SSB and 1000 watts input on CW 
and FM. Completely self-contained in 
one small desk mount cabinet with 
Internal solid state power supply, built-in 
blower and RF relative power indicator. 

$795.00 
.z- - --- 

;etunlng). At $299.00 it i's u;ldoubtedly the best The Tempo 2002.. 2 meters only $695.00 
value available today. ) (The Tempo 2006. 6 meters only $695.00) 

VHF 1135 l o  1 
VHFIUHF AMPLIFIERS Drwc Power OUIPUI 

Solid state power amplifiers for use in li: ;::: 
most land mobile applications. 30W 130W 

Increase the range, clarlty, reliability :zE 
and speed of two- way commur~~cat~ons .  Mw 

75 MHz) 
Model Nu. Prtce 
130A02 S l 9 9  
130A10 5179 
130AY) $189 

80A02 5169 
80A10 S149 
tlOA30 S159 

UHF (400 t o  512 MHz) 
Drwe Power Oulpul Model No Prlca 

2W 7OW 10002 $270 
10W 70W 70010  $250 
30W 70W 1003O S210 

2W 40W 40002  $180 
IOW 40W 4 0 0 1 0  1145 
2W low l o w 2  5115 

FCC acc.0t.d rnoa.8. .Ilo mv.Il.01.. 

11240 W. Olympic Blvd.. Los Angeles. c a l l .  90064 2131477-6701 
931 N. Euclid. Anaheim. Calif. 92801 7141 772-9200 
Butler. M ~ s s o u r i  64730 8161679-3127 

PIILPI 5ub l~ t l  to r h d l l e ~  w~lhoul notice 



Heathkit SB-104 Heathkit HW-104 

Whether you choose the SB-104, or the HW-104, you're 
getting one of the finest Amateur transceivers you can buy 
at any price. And because you build them yourself, you get 
a feel for the equipment you simply can't duplicate with 
ready-made units. 
10O0/0 solid-state construction including finals.. .totally 
broadbanded circuitry for instant QSY without pre-selector, 
load or tune controls. . .  switchable 100 watts11 watt out 
. .  .0.6 pV typical sensitivity. .. super-clean operation thanks 
to reduced cross-mod and IM distortion.. . specs that show 
what state-of-the-art is all about.. .and styling second to 
none! 

The SB-104 offers true digital frequency readout with reso- 
lution to 100 Hz on all bands, and complete frequency cov- 
erage from 3.5 MHz through 29.7 MHz without accessories. 
Kit SB-104, Shpg. wt. 31 Ibs. . . . . . . . . . . . . . . . . .  .669.95 

The HW-104, for $130 less, brings you the same broad- 
banded circuitry as the SB-104, but it has an easy-to-read 
circular tuning dial, and 3.5 to 29.0 MHz coverage (to 29.7 
MHz available with HWA-104-1 accessory). It's one of the 
best price/performance combinations available in  amateur 
radio today. 
Kit HW-104, Shpg. wt. 31 Ibs. ................. .539.95 

Station of the Art ... 
The SB-104 with sophisticated station accessories. 
Unquestionably, some of the  finest Amateur gear you can own. 

II 

Clockwise from top: 
SB-104 Transceiver: 
SB-230 Conduction-Cooled Linear: 1200 PEP SSB: 1000 
watts CW from less than 100 watts drive. Also 400 watts for 
SSTV and RTTY. 
Kit SB-230, Shpg. wt. 40 Ibs. . . . . . . . . . . . . . . . . .  .339.95 

SB-614 Station Monitor: CRT indicates signal quality. Also 
RF envelope and trapezoid displays. For SSB, CW and AM 
to 1 kW; 80-6 meters. 

. . . . . . . . . . . . . . . . .  Kit 58-614, Shpg. wt. 17 Ibs. .139.95 

SB-634 Station Console: 24-hour clock, 10-minute ID 
timer. RF wattmeter, SWR bridge, phone patch. 

. . . . . . . . . . . . . . . . .  Kit SB-634, Shpg. wt. 14 Ibs. .179.95 

Reviews and articles in the major 
Amateur magazines have consis- 
tently praised the 104's because 
of their advanced circuitry, reli- 
ability and sheer operating plea- 
sure! If you're serious about 
Amateur radio, you owe it to your- 
self to find out more about the 
104's. For complete descriptions 
and specifications, order the new 
FREE Heathkit catalog. Send cou- 
pon today! 

FREE! 

SB-644 Remote VFO: For split transmit/receive on SB- 
104. Not for HW-104. 
Kit SB-644, Shpg. wt. 10 Ibs. . . . . . . . . . . . . . . . . .  .119.95 
Fixed Station Power Supply. Fits inside accessory speak- 
ers of SB-104 and HW-104. 1201240 VAC, 60/50 Hz. 
Kit HP-1144, Shpg. wt. 28 Ibs. . . . . . . . . . . . . . . . . .  .89.95 
Station Speakers: 5x7", 3.2 ohm speakers response- 
tailored to SSB. With cable, connectors and cabinet. 
Kit SB-604, For SB-104 Shpg. wt. 8 Ibs. . . . . . . . . .  .29.95 
Kit HS-1661, For HW-104 Shpg. wt. 5 Ibs. . . . . . . .  .19.95 

Useful options for both the SB-104 and HW-104. 
SBA 104-1, Noise Blanker. Shpg. wt. 1 lb. ........ .26.95 

. . . . . . .  SBA-104-2, Mobile Mount, Shpg. wt. 6 lbs. .36.95 
SBA-104-3, 400 Hz CW Crystal Filter, Shpg. wt. 1 Ib. 39.95 

Heath Company, Dept 122-14, Benton Harbor, Michigan 49022 
1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 r -  - - 1 

-p Heath Company 
Dept. 122-14 I Benton Harbor, Michigan 49022 

1 HEATH 1 

i Send me my FREE Heathkit Catalog. 
I 

i 
I 

I Name i r ! 
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I 
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Stay tuned for future programs. 

The HAL ST-6000 demodulator lishing different tone pairs. You can of codes, including Baudot, ASCII 
Ikeyer and the DS-3000 and DS-4000 select AM or hard-limiting FM modes and Morse. The powerful. program- 
KSR/RO series of communications of operation to accommodate differ- mable 8080A microprocessor is in- 
terminals are designed to give you ent operating conditions. An internal cludedinthe circuitry toassure maxi- 
superlative TP/ performance today monitor scope (shown on model mumflexibilityforyourpresentneeds 
-and in the future. DS series termi- above) allows fast, accurate tuning. -and forthefuture.The KSR models 
nals, for example, are re-program- The ST-6000 has an outstandingly offer you full editing capability. The 
mable, assuring you freedom from high dynamic range of operation. video display is a convenient 16-line 
obsolescence.Sophisticatedsystems Data I10 can be RS-232C. MIL-188C format, of 72 characters per line. 
all. these HAL products are attrac- or current loo . These are some of the highlights. 
tively priced-for industry, govern- The D s - 3 d a n d  DS-4m series of The full range of features and speci- 
ment and serious amateur radio KSRand RO terminals providesilent, fications for the ST-6000 and the DS 
operators. reliable, all-electronic l T Y  transmis- series of KSR and RO terminals 

The HAL ST-6000 operates a t  sionandreception,or read-only (RO) is covered in  comprehensive data 
standard shifts of 850, 425, and operation of different combinations sheetsavailableonrequest.Write for 
170 Hz. The tone keyer is crystal- them now-and tune in to the most 
controlled. Loop supply is internal. sophisticated l T Y  operation you can 
Active tilters allow flexibility in estab- have today ... or in the future. 

HAL Communications Corp., Box 365,807 E. Green Street 
Urbana. Illinois 61801 Teleohonc: (217) 367-7373 

2 february 1976 More Details? CHECK-OFF Page 110 
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With AMSAT-OSCAR 7 now well into i t s  second year of continuous operation, it's becoming 
more and more apparent that an increasing number of amateur stations using mode B (the 432 
to 144 MHz repeater) are using much more power than the recommended 100 watts effective 
radiated power (erp). 'When more than the recommended power i s  used, it swamps the agc 
circuit in the transponder, resulting in an excessive amount of current being drawn from the 
on-board power source. 

In maximum sunlight the solar panel on the spacecraft can supply approximately 1 ampere 
of current; if more than 1 ampere is required to power the repeater i t  must be supplied by the 
on-board battery. However, the red-line limit on battery discharge current is about 1.2 ampere, 
and when amateurs using mode 8 run excessive power, the current drawn from the battery 
often exceeds 2 amperes when OSCAR 7 is in sunlight, and more than 3 amperes when the 
satellite is in darkness. 

At times this heavy current drain on the battery has caused the battery voltage to drop to 
the point where the under-voltage protection circuits have taken over. These circuits were 
designed to place the spacecraft in mode D (the discharge mode, both transponders turned off)  
when the battery voltage drops t o  12.1 volts. The spacecraft systems have already switched to  
mode D a number of times, and some unexpected switches to mode A (the 144 to 29 MHz 
repeater) have also occurred. 

Amateurs who are running more than the recommended 100 watts erp are conspicuous 
because their signals are much louder than the rest of the stations on the channel. I f  you tune 
across the mode B passband and note that certain stations in your local area are consistently 
much louder than others in the passband, please contact them directly, explain the adverse 
effects of excessive erp, and ask them to  reduce power. 

I f  they indicate that they're only running 100 watts output, ask them what they're using for 
an antenna - one-hundred watts of rf into a single KLM, Tilton, K2RIW or WBEYE Yagi 
produces an effective radiated power of 2000 to  3000 watts! Stations running 100 watts rf 
output into multiple Yagi arrays may have effective radiated powers of 8 kW or more. Some of 
the worse offenders appear to be a few 432-MHz EME operators who are not using 100 watts, 
but their kilowatt finals, and not with a single no-gain antenna but with their multiple Yagi 
arrays which have gains of 20 dBd or more, for an effective radiated power greater than 60 
kilowatts. Their sig~ials are brutally loud, but you can tell when they're on the air by simply 
monitoring telemetry channel 2B. 

Since there may be some amateurs who don't understand the meaning of effective radiated 
power, following is a list of popular 432-MHz Yagis, and the r f  power input for 100-watts 
effective radiated power for single, double and quadruple Yagi arrays: 

antenna approx single double quadruple 
type gain antenna array array 

K L M  15 dBd 3.2 W 1 .6  W 0.9 W 

Tilton 13 dBd 5.0 W 2 .5  W 1.4 W 

K 2 R I W  15 dBd 3.2 W 1.6 W 0.9 W 

W0EYE 1 4  dBd 4.0 W 2.0 W 1.1 W 

The approximate gain is that for a single antenna. A 3 dB increase in gain is assumed for a 
double array, and a 5.5 dB increase for a quadruple array. Note that 10 watts input to any of 
these antennas results in more than the recommended 100 watts erp -- 10 watts into four 
properly phased Yagis produces an erp of 1000 watts or more. 

These facts must be brought to the attention of mode B users who are abusing the 
recommended maximum 100-watt limit. Any assistance you can provide in reducing what has 
become a serious problem will be appreciated by other mode B users and AMSAT alike - 
continued abuse of the 100-watt power limit will most certainly shorten the useful life of the 
satellite. 

Jim Fisk, WIDTY 
editor-in-chief 
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Hold it!,,. hold of SSB with these 
two low cost twins. ICOM'S new portable IC-202 and IC-502 put i t  within 
your reach wherever you are. You can take i t  with you to the hill top, the 
highways, or the beach. Three portable watts PEP on two meters or six! 

Hello, DX! The ICOM quality and excellent receiver characteristics of this 
pair make bulky converters ,and low band rigs unnecessary for getting 
started in SSB-VHF. You just add your linear amp, if you wish, connect to 
the antenna, and DX! With the 202 you may talk through OSCAR VI and 
VII! Even transceive with a n  "up" receiving converter! The IC-502, simi- 
larly, makes use of six meters in ways tha t  you would have always liked but 
could never have before. In fact, there a re  so many things to try, it's like 
opening a new band. 

Take hold of Single Side Band. Take hold of some excitement. Take two. 

IC-202 IC-502 
2 Meter SSB 3 Watts PEP. True IF Noise Blanker 6 Meter SSB 3 Watts PEP True IF Noise Blanker 
Switched Dial Lights Internal Batteries . 200KHz Switched Dial Lights Internal Batteries . 800KHz 
VXO Tuning 144.0. 144.2 + 2 More! RIT! VFO . RIT! 

ICOM WEST, INC. ICOM EAST, INC. 
Sulte 3 Su~te 307 
13256 Northrup Way 333 1 Towerwood Drive 
Bellevue, Wash. 98005 Dallas, Texas 75234 
(206) 747-9020 (214) 620-2780 
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AN ARRL OFFER to carry the brunt of the Amateur Radio WARC preparation effort was 
enthusiastically received at the December 12 meeting of the entire Working Group in 
Washington. League support outlined by ARRL General Manager, Dick Baldwin, will even 
extend to participation in various contributory activities such as CCIR meetings. 

Overall WARC Timetable was reviewed by Chairman John Johnston and despite the ap- 
parent remoteness of 1979, it was obvious that the task of coordinating all services' 
freauencv needs for the next two decades will require everv bit of that time. 

Amatebr Frequencies Proposed by the various task forces2include 160-200 kHz, 1715- 
2000 kHz, 3.5-4 MHz, 7-7.5 MHz, 10.1-10.6 MHz, 14-14.5 MHz, 18.1-18.6 MHz, 21-21.5 MHz, 
24-24.5 I&z and 28-29.7 MHz in the HE spectrum, all on an exclusive basis. VHF fre- 
quency requests include 50-54, 144-148, 220-225, 420-450, and at least a portion of 
890-942 MHz. Basic microwave allocations proposed don't differ much from present U.S. 
Amateur assignments, though a number of sub bands for satellite and experimental work 
were incorporated. How likely we are to get any of the proposed new bands or what 
problems we'll have in keeping or expanding those we have was debated at some length - 
though some services presently using a lot of the HF spectrum are planning to move to 
satellites, other services are eager to move into their slots, while pressures on VHF 
Amateur bands are well known and increasing. 

HOAX DISTRESS SIGNAL showed up on 3804 kHz Christmas afternoon and tied up many Ama- 
teurs and Coast Guard people through the following afternoon. "WN8HOM" (a call unas- 
signed by the FCC) claimed to be stranded on a 25 foot boat with 10 people on board 
that was disabled by engine failure near Pelee Island in western Lake Erie. WB9BWU 
called the Coast Guard in Detroit and the 170-foot Cutter "Mariposa" was dispatched to 
search for the lost vessel while a growing number of listeners throughout the U.S. mon- 
itored the frequency. WB9BWU and W8LIO became the relay stations between the "vessel 
in distress" and the "Mariposa" and Coast Guard land stations, all operating on 3804. 

Possibility Of A Hoax was suspected fairly early in the adventure, but Coast Guard's 
philosophy is that all distress calls are genuine until proven otherwise. FCC monitors 
reported that WN8HOM's sporadic signals looked to them to originate from near Zanes- 
ville, Ohio, and listeners as far away as Florida reported them to be over S9 - cer- 
tainly suspect for a Novice rig working from a small boat with failing batteries. 
Still the drama continued, complete with helicopter after improving weather permitted, 
until a Zanesville area Amateur reported the signals steady at S9+ from his location 
and then put his signals on 75 to let the FCC DFers confirm their earlier determina- 
tion that the Zanesville area was the source. A few minutes later - at 2215 Z Friday 
afternoon - the Coast Guard called off the search. 

AN AMATEUR'S ORIGINAL LICENSE - not a photocopy - will have to be submitted with 
his application for renewal under the terms of Docket 20672 released by the FCC in mid 
December. All Comments on the Notice of Proposed Rule Making must be filed by January 
22, and Reply Comments are due February 2.   his proposal apparently resulted from the 
discoverv of a number of recent applications that included photocopies of licenses 
showing class not in agreement with FCC file information. 

- 

License Renewal Requirements for operating time and code proficiency were dropped 
in a "Christmas present" Report and Order adopted by the FCC. The relaxation, which 
became effective December 24, is a logical one since the requirements were essentially 
unenforceable. 

Docket Proposin that volunteer examiners be required to submit photocopies of their 
licenses with requEst for examinations has been released. Docket 20679, released De- 
cember 22. was D ~ O D O S ~ ~  to h e l ~  establish the clualifications of volunteer examiners. 
Due date for cokmehts is February 2 and for ~ e p l ~  Comments February 12. 

Applicants For An Extra Class License will no longer be required to have at least a 
year as a General or higher class licensee as a result of a Report adopted by the Com- 
missioners this week. Effective date of the change was not available at press time. 

AUTOMOTIVE IGNITION NOISE limits are being studied by FCC in an inquiry released by 
the Commissioners December 10. Docket 20654 relates results of an FCC-funded Stanford 
Research Institute study on low cost techniques for reducing impulse noise radiation 
from automobiles (FCC Report RS75-03, available from National Technical Information 
Service, Springfield, Virginia - order number PS239-471). 

Comments On Effects of ignition noise on communications and other radio services as 
well as feasibility of radiation reduction are being sought by the Commission. Comment 
due date for Docket 20654 is March 19, 1976; Reply Comments are due May 4. 

INSURANCE PROTECTION for mobile rigs may shortly become much stickier as thefts from 
autos skyrocket. Since January 1 all auto insyance policies in Texas will have en- 
dorsement A927 attached to them which states: The insurance does not apply to loss of 
or damage to any device or instrument or a combination of devices or instruments de- 
signed as a Citizens Band radio, two way mobile radio or telephone, including its acces- 
sories, equipment or antennas." Though this limitation as yet applies only to Texas, 
the Insurance Services Office is reported to be seriously considering introduction of 
a similar exclusion nationally. 

6 february 1976 



American Ham Spirit, 
you either have it; 

or you donDt. 
The hams at Dentron have it. That's why we pack so much excitement 
into the products we build. 

If you're an excited ham who loves to operate all bands, why not com- 
plete your station with the 160 meter Top BanderTM? 160 meters is only 
a step away from 80 with this remarkable 160 meter transverter. De- ~ @ J X V ~  

signed to bring simple, low cost 160 meter capability to any amateur Bander 

station equipped for 80 meter C W, SSB, or AM operation. Just "plug ~~~~~~~~~ 
in and play" and you're on 160 meters with 100 watts transmit power 
and a super sensitive receiver. 
And coupled with the 160AT SkymasterTM, tuning your present antenna 
or long wire is a snap. 
There is only one Super TunerTM and only one Super Super TunerTM. 
Excited Dentron customers around the world have discovered why the 
Super TunerTM and Super Super TunerTM are the only antenna tuners on 
the market that will match EVERYTHING between 160 and 10 meters, - - 
whether it be balanced line, coax cable, random or long wire. 
For the ham on the go the 80-10 SkymasterrM offers portability for 
tuning that random or long wire antenna. With Dentron SkymatcherTM 
you don't have to miss out on the fun of ham radio if you live in a motel 
or condominium. 
Its Finally here! The Dentron Dual, In-line Watt meter. If you're a per- 
fectionist as we are, you have certain requirements for your station. 
Naturally you'll want to monitor both forward and reflected wattage 
simultaneously. Tired of constant switching and guesswork? Upgrade! 

Reverse scale 0-200 watts 
Forward scale 0-200 and 0-2000 RFWatts 
Meter accuracy 25% 
Frequency coverage - 1.7 through 30mcs. 

Dentron manufactures antennas because our customers deserve better 
performance. There have been too many compromise antennas for too 
lona. We know how much time the averaae antenna takes to assemble. 
that's why we do the work before we ship to you. What a ~ e n t r o n  an: 
tenna DOES NOT include is 2 large plastic bags of parts, 5 pages of 
instructions and many hours of assembly. 
With the Skymasterrm, SkyclawTm, Mobile TopbanderTM, all band doublet 
and new Trim-TennaTM 20 meter beam, you'll be proud of their fine 

Suw,  S",>t.l 1 I,,,<,, appearance and performance and thrilled with the few minutes it takes S.'.'9 'ill I,,M USA 

CATCH THE EXCITEMENT FROM DENTRON . . . 

(Skymaster 
$84.50 ppd. USA 

$24.50 ppd. USA .. ., 

$50.50 ppd. USA 

More Details? CHECK-OFF Page 1 10 february 1976 7 



RTTY demodulator 

An advanced 
RTTY TU design 

with the 
most-wanted features - 

all on a 
single PC board 

Amateurs have had much experience using IC RTTY de- 
modulators but have found that certain optional circuits 
are difficult to add. Also, a number of options pre- 
viously considered important were found to be no longer 
necessary. The ideas of active RTTY enthusiasts have 
been included in the DT-600 demodulator design de- 
scribed here. 

Amateur RTTY has made significant progress since 
1956. Only 850-Hz shift had been allowed until 1956, 
when the FCC revised regulations to allow any shift up 
to 900 Hz. It was found that properly designed and 
adjusted narrow shift (170 Hz) systems were superior to 
those with wide shift (850 Hz) in terms of adjacent sig- 
nal rejection, weak-signal detection, selective fading, and 
noise immunity. The small group that began using 
narrow shift has grown to the point that wide-shift fsk is 
seldom heard in the high-frequency amateur bands so it 
may be assumed to be nonexistent for practical pur- 
poses. For this reason it's no longer necessary to provide 
the option of both narrow and wide shift in an RTTY 
demodulator. Thus requirements are eased for a sophisti- 
cated demodulator, with a resulting decrease in size, 
cost, and construction time. 

It is also no longer considered necessary to provide an 
option for receiving inverted shift, as standards for direc- 
tion of shift are well established (fsk space below mark), 
and upside down keying is seldom encountered. How- 
ever, as current operating practice has simplified certain 
aspects of the RTTY demodulator, it has complicated 
others. The problem most experimenters face today is  

By Robert C. Clark, KSHVW, Garey K. Barrell, 
K40AH and Archie C. Lamb, WB4KUR 
Any of the authors may be reached c/o the following address: 930 
Chestwood Avenue, Tallahassee, Florida 32303. 
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modifying the demodulator to interface with external 
equipment such as the SELCAL,lw2 a r e g e n e r a t ~ r , ~ , ~ ~ ~  a 
speed c ~ n v e r t e r , ~ ~ ~  a video monitor, or even a com- 
puter. This problem has usually meant ending up with 
scorched boards with lifted foil and components dan- 
gling in the air to  make modifications to the existing 
board. The DT-600 provides TTL compatible DATA 
(marklspace) and AUTOPRINT (printlnonprint) outputs 
as well as provisions for remote motor control relay. 

FREQUENCY (Hz) 

fig. 1. Bandpass f i l ter response for  narrow shift. 

If you don't need the interface capability the inter- 
face components may be omitted, as the DT-600 will 
stand alone. If you wish, the high-voltage loop keyer, 
high-voltage loop supply, and motor relay may be 
mounted in the teleprinter and driven from the interface 
outputs. This option is particularly important when a 
number of machines at the operating location must be 
shifted from one loop to another. Keying and motor 
control can be easily controlled by a simple matrix 
switcher. Furthermore, if the high-voltage loop is com- 
pletely contained within the teleprinter, there is much 
less likelihood of noise disturbing other equipment. 

The DT-600 is an adaptation of the popular and reli- 
able ST-6 demodulator, incorporating the philosophy 
mentioned above. Other modifications have been made 
to reduce size, cost, and construction time of the 
DT-600. Additional design standards and philosophies of 
the CATC project, described below, have been incorpo- 
rated. To meet the requirements of both amateur RTTY 
operators and the CATC project, the following features 
have been included in the DT-600: 

1. Single-board construction 

2. Single shift (may be either standard narrow 
21 2512295 Hz or wide 21 2512975 Hz). 

This article describes the DT-600, a single-board adapta- 
t ion of  the popular ST-6 demodulator introduced by Irv 
Hoff, WGFFC, in the January, 1971, issue of ham radio. 
The DT-600 will either stand alone or can be interfaced 
with a variety of other options. Its design results in a 
significant decrease in size, cost, and construction time 
with no decrease in performance. A future article will 
contain a brief description of the simplified but similar 
DT-500 vhf demodulator with examples of how to  inter- 
face both units with external equipment. editor 

3. Optional interface connections. 

4. Reduction of discrete components. 

5. Choice of components to  reduce size and cost. 

6. A minimum of panel controls. 

For single shift, DT-600 performance is equivalent to 
that of the ST-6 but with the advantages described 
above. 

The CATC group is charged with developing Com- 
puter-Automated Teletype Control for the Navy-Marine 
Corps MARS Teletypewriter Relay System. I t s  goal is 
to develop an automatic store and forward message 
system. The CATC group is using a systems approach for 
the development of receivers, demodulators, fsk and afsk 
generators, and control devices. The DT-600 i s  the first 
of a series of such devices to  be described in coming 
months. I t  should be noted that designs described in this 
and future articles were by amateur radio operators (but 
professionals in electronics) on their own time. For this 
portion of the effort the CATC project provides only 
direction. 

Much thought from CATC group members has been 
incorporated into the CATC system philosophy. Stan- 
dards have been established for interface between equip- 
ment (TTL logic family compatibility), connections to 
card connectors, card configuration, and power supplies 
to allow for many options and ease of interconnection. 
The CATC philosophy allows the user to integrate sys- 
tern components (or self-designed equipment) into a 
working system with minimum cost, effort, and size, 
while allowing versatility, presently unavailable, for 
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bandpass filter values tuning frequencies 
mark space shift C1 C2 C3 C4 C5 C6 C7 C8 L1.2.3 R1 R3 secl sec2 sec3 

2125 2295 170  0.15 ,056 .18 .15 .056 ,022 .022 22 rnH 1.6k 2.2k 2195 2195 2195 
2125 2975 850 ,015 ,018 ,015 .O1 ,015 ,018 ,015 .015 88 rnH 2.7k 3.3k 2400 2500  2400 

7 0 9 C  

TOP VIEW 

T O - 9 9  
74 I 

TOP V IEW 

,+----,, 

117 
VAC 

TO 
MOroR 

09 
Z N l l d Z  

discriminator values 
2125'2295 2125'2975 fig. 3. Schematic diagram of the advanced DT-600  R T T Y  demodulator. All  diodes marked G are 

R16 6.8k 4.7k Germanium 1N270;  diodes marked S are silicon 5 0  P I V  unless noted. All resistors are '14 watt. 

R18 6.8k 6.8k Transformer T I  is an Essex PA8421;  T 2  is a Triad F-40X or Essex P818O. 
R19 100k 33k 
R23 270k 18Ok 
c 1 5  ,068 ,068 reduces any hum that may appear on the receiver audio, 
C16 ,056 ,033 

,018 
protects the first amplifier stage from being damaged by 

C17 .012 
excessive audio input, and provides an impedance match 
between the receiver 600-ohm output and the high impe- 

system expansion and modification. A simplified vhf de- dance of the first amplifier stage. CR1 and CR2 are 
modulator (DT-500) will be described later. ordinary silicon diodes that limit the audio at the junc- 

The SELCOM (an advanced yet simplified multi- tion of R4, R5, and R6 to 0.7 volt. 
function version of the SELCAL) will be described in a 
future article. The SELCOM also functions as a regenera- limiter 
tor and speed converter. A simplified mini-SELCOM, Audio from the bandpass filter is amplified by U l ,  a 
which provides the same features except for a limited 709 operational amplifier in the open-loop configura- 
number of functions. will also be described. tion. U1 functions as an amplifier and hard limits the 

circuit description 
The audio from the station receiver is introduced into 

the DT-600 through a three-pole Butterworth bandpass 
filter, fig. 3. This filter may be used for either wide shift 
(212512975 Hz) or narrow shift (212512295 Hz). The 
wide-shift bandpass filter i s  about 1 kHz wide at the - 3  
dB points, and the narrow-shift filter is about 270 Hz 
wide (fig. 1). This filter provides additional immunity to 
noise and adjacent signals even when the receiver has 
good selectivity. Also the bandpass filter significantly 

signal to + I 0  volts (at the output). Output from pin 6 is 
a square wave as long as the input signal exceeds the 
extremely low limiting threshold (about 1 mV). Thus, 
very large changes in the r f  or audio signal levels may be 
tolerated. R 8  establishes the balance for U1 to provide 
for minimum threshold and symmetrical output. R12, 
C13, C11 provide frequency compensation, while R 1 1, 
R13, C10, C12 decouple U1 from the dc supply lines. 
Lirniterless operation is available by connecting point 3 
to point 4. In this configuration U1 limits only on signal 
peaks. Note that autoprint operation would be unreli- 
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able in this mode, so the motor and print control sec- low-pass filter 
tions are forced on (fig. 21 by a parallel switch section. The two-stage (741 op amps) active low-pass filter i s  

discrirninatorldetector 
designed for 100 wpm operation. Degradation of 60 
wpm performance is so slight with the filter set for 100 

The square wave output of U1 is coupled to the dis- wpm (fig. 5) that the additional complexity of switching 
criminator via R16, R17, R18. R17 is set to equalize the filter characteristics to optimize response for 60 wpm is 
voltage levels of both mark and space signals in the dis- not considered worthwhile. If only 60 wpm is  to be used, 

Complete DT-600 R T T Y  demodulator is built on one plug-in printed-circuit board. The five 88 -mH toroidr used in the filter circuits are 
mounted along the lower edge of the board. Double-sided circuit boards with plated-through holes are available from Data Technology 

Associates (see footnote on page 14). 

criminator. L4, L5, C15, C16 form a linear discrimin- 
ator. Its narrow-shift response is shown in fig. 4, with 
peaks about 100 Hz wide at the -3  dB points. L4, C15 
form a parallel-tuned circuit at 2125 Hz (mark). L5, C16 
are tuned for the space frequency (2295 Hz for narrow 
shift or 2975 Hz for wide shift). Since the same induc- 
tance is  used for both mark and space frequencies, the 
filter Q would be different, which in turn would cause 
unequal bandwidth for the two filters (equal bandwidth 
is particularly important for limiterless copy). R19 
damps the Q of the L4, C15 combination to match the 
Q and bandwidth of the L5, C16 tuned circuit. CR5, 
CR6, CR7 and CR8 (IN270 germanium) form full-wave 
detectors for minimum ripple. CR3 and CR4 form an 
OR gate so that a positive voltage appears across C14 if 
either mark or space tones are present. This voltage is 
used to control the demodulator autoprint section and 
may also be used to drive a tuning meter. Scope connec- 
tions are through one-megohm resistors to eliminate 
loading the discriminator. 

R24, R26 may be changed to 16k, and C17 to 0.02 pF 
for narrow shift and 0.03pF for wide shift. 

ATC and slicer 
During selective fading the automatic threshold cor- 

rector provides the symmetry necessary for the slicer, 
another 747 op amp. Action is shown in fig. 6 for selec- 
tive fading on the space channel. Without the ATC 
action selective fading would bias the signal. The 
symmetrical ATC output is fed to U4 which is  set for 
maximum gain to provide uniform keying from the vary- 
ing, but symmetrical, ATC output. This high gain allows 
just 1 or 2 mV over offset to trigger the output and 
allows copy during deep selective fading and incorrect 
(straddle-tuned) shift. 

keyer 
Strapping options are available on the board so that 

slicer output may be fed directly to the base of 01  
(jumper from 1 to C), an open-collector output stage. 
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Output from Q1 does not respond to the mark hold 
provided by the standby line, autoprint section, or anti- 
space. 01's output may be used to  provide data to exter- 
nal equipment, such as the SELCOM, where the auto- 
print attack time delay is  not desired. CR15 prevents the 
negative portion of U4's output from reaching the tran- 
sistor. 

fig. 4. Discriminator response for narrow shift. 

By strapping 2 to C, Q1 may be inhibited by the 
standby line, the autoprint section, and the anti-space 
section. Q2 is the high-voltage keyer. I t  is always inhibi- 
ted, as described for the second option on 01. For a 
simple selector magnet keyer stage, the importance of a 
high-voltage supply and keyer can't be over emphasi~ed.~ 
Several designs are based on the fact that only 12 volts 
are necessary to maintain a 60-mA selector-magnet cur- 
rent but completely overlooked is the behavior of a large 
inductance (selector magnet) in an ac (switched) circuit. 
Results from such low-voltage keyers are very poor, even 
with no distortion on the received signal. Their opera- 
tion deteriorates rapidly with distortion. Q2 may be 
omitted and Q1 used to  drive a remote keyer within the 
teleprinter, as mentioned earlier. (A simple circuit to 
control the loop keyer and motor relay through logic 
levels will be described in the future article which fea- 
tures the simplified DT-500 demodulator.) 

R36 and C22 suppress keying transients, and CR 16 
prevents the negative-going pulses from the selector- 
magnet field decay from being propagated back through 
preceding stages. It's possible through the options pro- 
vided on the board to take the data signal from Q1, 
process it in external equipment, then reintroduce the 
processed signal to the loop keyer. (This feature will be 
used with the DU-200 regenerator and speed converter 
to be described as the basis for the SELCOM in a future 
article.) 

autoprint 
CR3 and CR4 form an OR gate as mentioned earlier. 

I f  either mark or space tones are present, a positive volt- 
age will appear across C14. U5 threshold is set (by R50) 
so that with no signal present its output is positive. This 
positive voltage locks the keyer stage (through CR27) in 
mark hold. When a signal appears on either mark or 
space frequencies, the OR gate output forces U5 to re- 

verse state so that its output is negative. This action 
stops the charge on C24, C25, which begin to discharge 
through R54, R55. When the voltage at point 26 has 
decreased to a level determined by R56, R57 (time con- 
stant is such that i t  takes about 1.3 seconds to reach this 
level with C24, C25 in series and about 7.4 seconds with 
point 15 shorted to ground), U6 pin 6 i s  forced negative, 
the standby line is  released; 0 5  is biased off charging 
C26; U7 output is forced positive; and 0 6  conducts, 
pulling in motor relay K1. If the signal disappears, or if 
(as in CW) the duty cycle drops below 25%, then C24, 
C25 begin to charge, eventually returning to mark hold. 
However, C26 must discharge below the voltage on U7 
pin 2 before the motor relay is released. This delay gives 
about 38 seconds after loss of signal before motor shut 
down, which is desirable to keep the motor from turning 
on and off between transmissions or when the signal 
fades into the noise. Shorter turn-on and turn-off times 
may be had by making C24 and C26 each 18pF. 

anti-space 
In the mark condition, the positive output of U4 (pin 

6) forward biases 07, preventing C27 from charging. On 
space, 0 7  is shut off and C27 begins to charge. The time 
constant is such that C27 will charge above the threshold 
set for U8 in slightly over 132 ms (132 ms is the longest 
steady space expected from valid RTTY, a blank at 60 
wpm). Thus, U8 will not trigger with normal RTTY 
where C27 is quickly discharged by each mark signal 
through Q7. Should a space exceed the time constant, 
U8 output becomes positive, and the positive voltage is 
applied through CR33 to the mark hold line. The posi- 
tive output of U8 is also applied through CR32 to C24, 
C25, starting the motor time-out sequence. Thus a 
steady space will a) not turn the machine on, b)  imrne- 
diately clamp the printer in mark hold if i t  is already on, 
and c) begin the time-out sequence. 

fig. 5. 74.18 baud low-pass filter response. 
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When the standby line (14) is grounded, 0 4  forward 
bias is removed, placing a positive voltage on the mark 
hold line through CR24. Also U6 pin 3 is pulled low, 
starting the motor, as described previously. (The only 
time the standby feature is regularly used is  during trans- 

25 ,do 
SIGNALING SPEED (Baud) 
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mit and, hence, holds the motor on during a long trans- The capacitors that tune the bandpass and discrimi- 
mission.) Note that the mark hold line is  positive when nator filters should be of high quality and have high Q. 
no signal i s  present, the standby line is grounded, a Sprague Orange Drops or Mallory polystyrenes are gen- 
steady space is present, or a signal is present (CW or erally available and recommended. Tantalum capacitors 
other non-RTTY) that doesn't switch U5. All these are recommended for C20, C21, C24, C26, and C27. All 
situations occur on nonprint. The mark hold line posi- resistors are 'h watt unless otherwise indicated. Diodes 
tive voltage forward biases Q3, which may be used to CR5 to CR12 are germanium 1N270s. All other diodes 

The DT-600 RTTY demodulator described in this article is only part of the overall C A T C  

system of R T T Y  modules. Others will be described in future articles. 

indicate to external equipment that no valid RTTY sig- 
nal is present. When a valid RTTY signal does appear, Q3 
forward bias is removed. 

tuning meter 

The CR3, CR4 OR gate output is also coupled to the 
base of 010, a meter amplifier. When the RTTY signal i s  
properly tuned, a positive bias is applied to Q10 base if 
the signal is either mark or space. The tuning meter read- 
ing will be proportional to the signal level of mark (or 
space) at the discriminator. In operation the receiver is 
tuned for the highest steady meter reading. For tuning 
incorrect shift the meter tuning indicator is superior to 
an oscilloscope, as a proper meter reading will closely 
indicate balanced output from the discriminator to the 
low-pass filter. 

loop power supply 
A full-wave 170-volt supply provides the required 

loop current (60 mA). Note that loop-current limiting 
resistor R39 is in the negative supply lead. This is the 
floating loop introduced by Hoff and included in the 
ST-6.' By allowing the supply to float, a polar output 
(mark negative, space positive) i s  available at point 11 to 
key either an afsk or fsk oscillator. Grounding point 12 
gives less than full saturation current through a shifter 
diode, yielding narrow-shift CW identification. 

components 

The DT-600 is  constructed on a single 4% by 6 inch 
(1 1 by 15cm) board, which includes all parts except the 
switches and power supplies (a single k12 volt supply 
may power several DT-GOOs)." A 22-pin edge connector 
i s  provided at the board edge. 

may be 1 N914 or equivalent (note: larger diodes will not 
fit the available space on the circuit board). CR17 to 
CR20 are 400 PIV 1 amp, and C39 to C41 are 100 PIV, 1 
amp. U1 is a 709 op amp (must be in TO-99 package). 
but all the others are 741s (8 pin mini-dip). Sub- 
stitutions should not be made. Transistors are speci- 
fied, but only 0 2  is critical. Nearly any transistor 
that meets the specifications will do (2N3904: npn sili- 
con switch Vce = 40 V at 200 mA; 2N5656: npn silicon 
switch Vce = 300 V at 500 mA). The loop supply trans- 
former is an Essex PA-8421, which provides 125 Vac a t  
50 mA, but since the filament winding isn't used the 
transformer is well within rating, supplying 60 mA to 
the loop. 

Relay K1 should have a 12-volt coil and the contacts 
should be rated a t  10 amps for long life, such as the P&B 
KA11 DG. Trimmers R8, R17, R50, R76 are PC-board 
mounts, such as TRW X201. A single two-pole, five- 
position rotary switch can handle all tne switching func- 
tions (fig. 3B), or miniature toggle switches may be used. 
M I  is any inexpensive 0-1 mA meter. Dale EBT156 
22-pin connectors may be used for the edge of the card. 

construction 
Consult the parts layout sheet provided with the cir- 

cuit board and mount all parts on the board except for 
components for the bandpass input filter and discrimina- 
tor. These tuned circuits must be adjusted to the proper 
frequency before they are permanently mounted on the 
board. The tuned circuits are adjusted with an audio 

'A double-sided printed-circuit board with plated-through holes 
for the DT-600 is available from Data Technology Associates, 
Inc., Post Office Box 1912, Miami, Florida 33143. The price is 
$12.50, postpaid. 
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oscillator and a frequency counter coupled to  the tuned 
circuit through a high-resistance (100k) to eliminate 
loading of the tuned circuit (fig. 7). Audio voltage across 
the tuned circuit i s  monitored by a vtvm. The audio 
generator is adjusted to obtain the peak. If the fre- 
quency is  lower than desired, reduce the inductance to 
increase resonant frequency. I f  the frequency is higher 
than desired, capacitance may be added. Note that the 
inductors for the narrow-shift bandpass filter are 22 mH. 
These may be formed by placing the two windings of an 
88-mH toroid in parallel. 

filter tuning 
The procedure for tuning the narrow-shift bandpass 

filter is to mount all capacitors on the board, but omit 
R1, R2, R3, and R4 at this time. Each of the three 
sections is, in turn, tuned to 2195 Hz. Short the toroid 
in the center section and tune the first and third sections 
to the desired frequency. Then remove the short from 
the center section, short the toroids in the first and third 
sections, and tune the center section to the desired fre- 
quency. Remove all shorts and place R1, R2, R3, R4 in 
their respective positions on the board. The discrimina- 
tor filters are best tuned on the board, supplying either 
mark or space tones through the input filter. Use care in 
tuning all filters, as performance will be seriously de- 
graded if filters are not resonant at the proper fre- 

MARK 

INPUT 0 

SPACE U 

OUTPUT 0 

SPACE U 

fig. 6. Automatic threshold corrector action for selec. 
tive fading on space. 

quencies. No instructions are provided for tuning the 
wide-shift input filter, as i t  is sufficiently noncritical 
with the specified capacitors that tuning is not required. 

adjustments 
After the board has been completed and filters tuned, 

the unit may be adjusted. Short the audio input and 
adjust R9 until the voltage at TPI is zero. Remove the 
short from the audio input and apply a mark tone. Note 

the reading at TP2. Adjust the audio oscillator for the 
space frequency (depends on choice of shift), and adjust 
R77 for the same reading at TP2 as obtained with the 
mark signal. Repeat the procedure until the readings are 
identical for both mark and space. R50 determines the 
bandpass for autoprint (i.e., how far off frequency a 
station can be and still hold in the autoprint). Set the 

loo* 

AUDIO 

OSCILLATOR 

FILTER 
BEING 

ADJUSTED 

fig. 7 .  Instrumentation for filter tuning. 

audio oscillator about 50 Hz below the mark frequency 
and adjust R50 so that the voltage at TP4 fluctuates near 
zero (both positive and negative excursions). R76 should 
be set for a maximum meter reading of 70% of full scale 
for either mark or space. 

With all adjustments completed you are now ready to 
operate the DT-600. In normal operation nothing is 
done to the DT-600 except to ground the standby line 
during transmit. For very weak signals you may prefer to 
switch to limiterless and manual print control. Some- 
times it's a bit frustrating to think that there's no way to 
adjust things to improve the print. However, with the 
exception noted above, you can be sure the DT-600 is 
providing the best print available for the price, and only 
slight improvement is available even at the higher prices. 
Interface connections will be discussed in a future article. 
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a new look at 
solid-state amplifiers 

Techniques for 
joining 

unipolar and 
bipolar transistors 

to exploit 
the features 

of each 

This article reveals no technological breakthroughs, nor 
will i t  lead you through the intricacies of a construction 
project. Rather, it suggests that amateurs and experi- 
menters have overlooked a useful and versatile cricuit 
technique - the marrying of unipolar and bipolar tran- 
sistors to produce an amplifying module with the desir- 
able features of each solid-state device. In the following 
paragraphs arguments in behalf of the union of these 
devices are developed. I hope these discussions will stim- 
ulate the interest of those who enjoy designing and 
building their own equipment. 

When bipolar transistors first became commercially 
available, i t  became obvious that this device had a 
serious shortcoming compared with the vacuum tube: 
the current hungry base-emitter junction was recognized 
as a sorry trade for the voltage-actuated input circuit of 
the tube. Because of the many advantages of the tran- 
sistor (no heater, no microphonics, negligible aging, 
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I small size and cost) we learned to live with its low- 
impedance, power-consuming input. 

I fet transistor 

I Technological evolution produced the unipolar, or 
field-effect transistor, known as the fet. Logic can be 
presented t o  show that the fet should have chased the 
bipolar transistor right off the market. Some of the rea- 
sons why such a displacement did not occur are: 

I 1. Fets tended t o  lag behind bipolars in gain-bandwidth 
product. 

2. Fets acquired a reputation for being limited in power- 
handling capability, even for the needs of low-level 
circuitry. 

I 
3. Fets have never been cost competitive with bipolar 
transistors. 

4. At  least until recently, fets have not been hot per- 
formers - transconductance tended to be low - in the 
several hundred to several thousand micromho range. 

I 5. The electronics fraternity has been in need of articles 
such as this to illustrate the benefits of beefing up fet 
performance with the bipolar transistor. 

1 operational amplifier 

I 
What about the operational amplifier? Surely, the 

monolithic op amp must be the ultimate amplifying de- 
vice. Not necessarily! From the viewpoint of the experi- 
menter, the op amp has the following disadvantages: 

I 1. It i s  far from easy to work with unless your eyes, 
nerves, and fingers were predestined for the jewelry 
trade. 

I 2. During experimentation, it is vulnerable to catastro- 
phic damage. 

By Irving M. Gottlieb, WGHDM, 931 Olive, Menlo 
Park, California 94025 



3. Dual-polarity dc supplies are required. 

4. The cheapies - the ones amateurs can afford - are 
notorious for performance kinks such as latch-up from 
overdrive and a propensity for oscillation. 

5. The op amp is a bargain, it's true, in terms of the 
perhaps several-dozen discrete devices displaced. But a 
great number of amplifying tasks don't require differen- 
t i a l  input ,  dc response, or accurate operational 
functions. As a more mundane gain-producing device the 
op amp often is  less than a good buy. 

STAGE I STAGE 2 

i GmlZ ' Gm, X B2 

STAGE I STAGE 2 

fig. 1. Transconductance amplif ication in  a two-stage amplifier. 
G ,  is increased b y  the current gain of a fol lowing stage, A. and 
by  the voltage gain of a preceding stage. 6. 

We could deal similarly with the merits and short- 
comings of other amplifiers; for example the tube, mag- 
netic amplifier, and tunnel diode. All have problems for 
general experimental use. An amplifying module with 
the high-impedance input of tubes and the output char- 
acteristics of bipolar transistors would be a major step in 
the right direction. 

the transconductance problem 

One of the salient features of the bipolar -- and one 
not generally appreciated - is its inordinately high trans- 
conductance, which can range from several hundred 
thousand to millions of micromhos. Think of a tube or 
fet with such a characteristic! The reason that little 
awareness of this feature exists is that the healthy trans- 
conductance loses much of its significance when we have 
to supply power to the input circuit. Now the concept 
of driving a bipolar with an fet should begin to make 
sense. With such a combination we can achieve both high 
input impedance and high transconductance. 

In the amplifier cascade of fig. 1A assume that the 
transconductance of stage 1, the fet, is C m l ,  and that 
the current gain of stage 2, the bipolar, is W 2 .  The overall 
transconductance of the cascade is given by Gun, X L12. 
Expressed in words, the transconductance of a stage is 
increased by the current gain of a subsequent stage. 

(Keep in mind the concept of transconductance as the 
figure of merit of amplifying capability.) 

Let's now deal with the amplifying cascade depicted 
in fig. 1B. This time, the voltage gain of stage 1 is known 
and is represented by A 1 .  The transconductance of stage 
2 is represented by Cm2.  The overall transconductance 
of the amplifying cascade is given by A ,  X Cm2.  In 
words, the transconductance of a stage is increased by 
the voltage gain of a preceding stage. Assuming that the 
same amplifying cascade is represented by the block dia- 
grams of A and B in fig. l, some meaningful insights can 
now be attained. 

We have seen that two products are both equal to a 
common quantity: overall transconductance, or Cml  2 .  
We can therefore write: 

or simply 

We can make any of four algebraic transpositions; 
that is, eq. 1 can be manipulated to facilitate the solu- 
tion of any of its four terms. For our investigations, a 
particularly interesting transposition focuses on Gm2, 
the transconductance of the bipolar transistor. Thus, we 
have: 

practical example using 
a fet and a bipolar 

When we consult manufacturer's spec sheets, we gen- 
erally find the transconductance of fets and the current 
galn of bipolars. (We seldom find the transconductance 
of bipolars.) Let's deal with the type 2N5438 n-channel 
fet and the 2N3565 npn bipolar transistor. The fet can 
have a nominal transconductance of 4000 micromhos, 
and the bipolar can have a nominal current gain of, say, 
300. (The parameter tolerances of both devices are, to 
say the least, sloppy.) Suppose that the fet is used as a 
common-source voltage amplifier and that its voltage 
gain is four. It is thus employed to drive the bipolar. 
With a bit of crank-grinding, we can use these numbers 
to compute Gm2, thus: 

Gm2 = 4000 300- = 300,000 micromhos 4 

transconductance for the 2N3565 transistor 

Note, too, that the overall transconductance, C m l  2,  
of the amplifier cascade calculates to a whopping 
1,200,000 micromhos! (Both Gml X A , ,  and A ,  X 
Gin2 confirm this result.) Whether a single device or a 
module with more than one active device, an amplifier 
that develops over a million micromhos and extracts no 
power from the signal source has to be what the doctor 
ordered. Also to be considered is the fact that voltage 
gain is available from the bipolar. If we insert a I k load 
resistor in the bipolar transistor collector circuit, the cir- 
cuit will develop a voltage gain of 300 (from voltage gain 
= Gm X RL = 0.3 X 1000 = 300, where Gm is expressed 
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in mhos). The overall voltage gain of the amplifier cas- 
cade is then the product of the voltage gains of stages 
one and two, or 4 X 300 = 1200. This is confirmed by 
multiplying the overall transconductance, G m l z ,  by the 
output load resistance, or 1.2 X 1000 = 1200. This cal- 
culation i s  made on the premise that a 1,200,000 micro- 
mho, or 1.2 mho, amplifier acts upon a 1000-ohm out- 
put load resistance. Note that high voltage gain can be 
produced in the bipolar stage with low load resistances, 
which implies relatively low degradation of higher fre- 
quencies. If you wanted high voltage gain in a single fet, 
the drain resistor would have to be many tens, perhaps 
hundreds, of kilohms; and frequency response would 
peter out pronto. 

multipurpose amplifying module 
In fig. 2 we have an amplifier with the described per- 

formance characteristics. The - 3  dB points are approxi- 
mately 100 Hz and 0.6 MHz. But this is only a start. The 
circuit is extremely flexible. The frequency response, 
voltage gain, power output, and power consumption are 
easy candidates for selective optimization. Such versa- 
t i l i ty and noncritical features stem from the use of ac 
coupling between the stages. Direct coupling can also be 
used but will, in general, require a bit more patience in 
satisfying the mutual bias requirements of the two active 
devices. Direct coupling can lead to more compact pack- 
ages and is necessary, of course, if dc amplification is 
needed. 

The bipolar load resistor, RL, is in effect acted upon 
by an overall transconductance exceeding a million 
micromhos. At the same time, the input impedance is of 
the same order of magnitude obtainable from vacuum- 
tube amplifiers and i s  limited only by RG. The dashed 
enclosure in fig. 2 facilitates thinking of the cascade as a 
single "amplifying module." Component values are non- 
critical and can be modified considerably from those 
indicated to optimize gain, frequency response, power 
output, or power consumption. Similarly, other than the 
indicated devices can be used. Not obvious from inspec- 
tion of fig. 2 is the fact that the load presented to the fet 
is primarily the input resistance of the bipolar transistor. 
This value i s  in the order of 1000 to 1200 ohms and 
enables the fet to develop a voltage gain of 4. 

fig. 2. Multipurpose amplifying module using a field-effect tran- 
sistor to drive a bivolar transistor. 

&I+ 100 pF :A. 
fig. 3. Low-distortion feedback amplifier. Circuit can be opti- 
mized for rf as well as audio frequencies b y  adjusting coupling. 
feedback, and emitter bypass capacitor values. 

feedback amplifier 
In fig. 3 a similar amplifier is shown, but with the 

addition of an overall feedback path. Depending on how 
much feedback is  used (how much the overall gain i s  
decreased), various circuit attributes are evident. These 
include distortion reduction, extension of frequency 
response, and stabilization against gain variations, which 
otherwise tend to occur from the effects of temperature 
on both active and passive components and from 
changes in power-supply voltage. In this circuit, the feed- 
back decreases the amplifier output impedance, which i s  
usually a desirable feature. 

This amplifier, like the previous one and the subse- 
quent ones as well, can be optimized for rf as well as 
audio. In this particular case, you would reduce the size 
of the coupling, feedback, and emitter bypass capacitors. 
Or if both low and high frequency response are desired, 
these capacitors can be paralleled by small ceramic or 
mylars (electrolytics often don't perform well at higher 
frequencies). At high frequencies, the amplifier physical 
layout becomes exceedingly important, and a printed 
circuit board is probably the best approach. 

Other things being equal, the extent of flat frequency 
response increases with increased feedback. If in addi- 
tion to these techniques the fet and the bipolar are selec- 
ted for both high transconductance and gain-bandwidth 
product, such a feedback amplifier can provide voltage 
gain by a factor of several tens to a frequency of several 
or more MHz. (For higher frequency work, the cascade 
arrangement of fig. 4D is  best.) 

experimental amplifying-module family 
Nine other unipolar-bipolar amplifying modules are 

shown in fig. 4. Their names and applications are: 

A. Alternative feedback amplifier - audio, general pur- 
pose, rf capability at low gain. 

B. Audio amplifier with direct coupling - speech ampli- 
fier, low-level audio. 

C. Audio amplifier for operation from rectified line 
voltage - audio output. 
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fig. 4. Fami ly  of amplifying modules useful for  many applications. 

D. Cascode amplifier - audio, video, i-f, rf; best arrange- 
ment for use with tuned circuits. 

In all instances the designated device types and com- 
ponent values are intended only as a guide. Because of 
device and component tolerances as well as the specific E. Ultrahigh input impedance amplifier - active scope 

probe, electrometer, instrumentation, 

F. Darlington amplifier - meter interface, impedance 
transformer, coax driver, relay actuator. 

performance required, various modifications will prob- 
ably be made. In particular, the empirical determination 
of bias networks in direct-coupled circuits will usually 
pay dividends in the attainment of symmetrical voltage 
swing. Improved performance of these circuits, as well as 
those in figs. 2 and 3, can sometimes be obtained by 

G. Complementary symmetry Darlington - meter inter- 
face, impedance transformer, coax driver. 

connecting a high resistance from the fet gate to the 
ungrounded battery terminal. Several tens of megohms 
should do the trick. 

H. Source follower with constant-current bias supply - 
used where a source follower with high output-voltage 
swing and voltage gain close to unity i s  required. 

Why not build a few of these amplifier modules and 
retain them as convenient building blocks? 

ham radio 
I. Single-stage amplifier with dynamic load - high volt- 
age gain; can be used with very low supply voltage. 
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vestigial sideband 
microtransmitter 

for 
amateur television 

Amateur television 
video bandwidth 
can be reduced 

by adapting 
commercial techniques 

To conserve spectrum space commercial television uses a 
transmission mode known as vestigial sideband. A com- 
posite video signal, containing frequency components 
from dc to 4 MHz, i s  amplitude modulated onto a car- 
rier. The resulting sum and difference frequencies (side- 
bands) occupy an 8-MHz bandwidth. Before trans- 
mission, the modulated signal is filtered. The upper side- 
band and carrier are transmitted, but most of the lower 
sideband is  not (see fig. 1). Thus the video signal plus its 
audio can be transmitted in the 6-MHz TV-channel 
allocation. 

As amateur television (ATV) activity expands in the 
70-, 23- and 13-cm bands, i t  will become necessary for 
amateurs to adopt vestigial sideband as their operating 
mode to avoid interference with other communications 
services. A case in point i s  the possibility of  interference 
with the 435.1-MHz OSCAR satellite telemetry beacon, 
which would result from the unfiltered lower sideband 
of an ATV station operating on the 439.25 MHz ATV 
calling frequency. 

In commercial television, the modulated carrier is 
developed, and filtering performed, at the ultimate trans- 
mission frequency (fig. 2). A complicating factor, the 
need for frequency flexibility, makes such a system 
impractical for ATV. Imagine retuning a stagger-tuned 
string of over-coupled resonator pairs for sharp skirts 
and flat response over a 5-MHz band, then retuning i t  
each time you need to  shift your operating frequency! 

One alternative is to  generate a stable, well-filtered 
vestigial sideband video signal on a fixed frequency in 
the vhf spectrum, then heterodyne i t  to the desired uhf 
in a balanced mixer. The conversion stage local-oscillator 
chain, if made variable in frequency, will provide the 
system with the required frequency flexibility. Fig. 3 is a 
block diagram of one such system, which I use for ATV 
transmission in the 70-cm band. The observant reader 
may note in fig. 3 a pronounced similarity to  the trans- 
ceive converter for 1296-MHz ssb published in an earlier 
issue.' Obviously, the process of heterodyning a modu- 
lated signal into a higher frequency band for trans- 
mission is virtually the same, regardless of whether the 
original signal was modulated with a-m, fm, ssb, CW, 
or video. 

By H. Paul Shuch, WAGUAM, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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Many of the blocks in the local oscillator and rf 
strings of fig. 3, as well as the mixer, are either available 
commercially or may be adapted from equipment de- 
signs published previously. This article deals with the 
design and construction of the microtransmitter and 
vestigial sideband filter modules of the ATV system in 
fig. 3 - building blocks toward clean, commercial- 
quality TV transmission. 

microtransmitter chip 
The heart of the ATV transmitter is the LP-2000, a 

miraculous integrated circuit from Lithic Systems Inc., 
in Saratoga, California." The outgrowth of a program to 
develop a microminiature aircraft crash-beacon trans- 
mitter, the LP-2000 is  a complete transmitter system - 
oscillator, buffer, driver, power amplifier, modulator, 
preamplifier and regulator - all in a single 10-lead, TO- 
100 can. With the addition of a crystal, two tuned cir- 
cuits, a battery, and a modulation source these ICs can 
generate as much as 100 mW of CW, or 50 mW of a-m or 
pulse-modulated output well into the vhf spectrum. Figs. 
4 and 5 indicate the very complex circuitry that can be 
built into a single monolithic microcircuit. A complete 

Heart of the A T V  system is the LP-2000 I C  next to the crystal. 

circuit description is  available from the manufacturer in 
the form of an application note.2 

An appealing feature of the LP-2000 is that its modu- 
lator transistors (014 and Q16 in fig. 5) are dc-coupled 
to both the driver and power amplifier transistors, 013 
and 015. Additionally, direct coupling is  employed be- 
tween all modulator stages. Thus the circuit lends itself 
well to video-modulated applications. 

frequency selection 
The operating frequency chosen for the microtrans- 

mitter, 61.25 MHz, corresponds to the assigned video 
carrier frequency of commercial TV channel 3. This per- 

" A n  experimenter-grade version of  this microcircuit, the 
NA2000,  is available for $9.95 from NASEM, Box Al ,  Cuper- 
tino, California 95014.  

mits the basic microtransmitter module to be used for 
short-range, closed-circuit TV applications, there being 
no local channel 3 allocation in my area to interfere with 
such operation. Similarly, you may wish to select an 
operating frequency corresponding to the video carrier 

\ ~ f k N " s ? . " E ~ ~  / ~~C%% CARRIER lFMJ 

- . .. . . . 
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fig. 1. Vestigial sideband transmission on monochrome 
television signals. 

frequency for a locally unassigned lower vhf-band TV 
channel. 

The circuit I used on channel 3 (fig. 6 )  will cover TV 
channels 2 through 4 merely by substituting crystals and 
retuning the two trimmer capacitors. For operation on 
channels 5 and 6, it will be necessary to reduce L1 to 6 
turns, L2 to 8 turns, and L3 to 2 turns. All other com- 
ponent values remain as in fig. 6. Similarly, the vestigial 
sideband filter shown in fig. 7 may be tuned to cover TV 
channels 2 and 3. For operation on channels 4 through 
6, L1 and L4 of fig. 7 must be reduced to 3 turns, and 
L2 and L3 to 7 turns each. Table 1 will serve as a guide 
in selecting crystal frequencies. When the microtrans- 
mitter operating frequency is  increased, output power 
will begin to degrade as the upper frequency limit of the 
integrated circuit i s  approached. 

microtransrnitter circuit 
The basic circuit for generating 10 mW of stable 

double-sideband A5 with the LP-2000 microtransmitter 

table 1. Video-carrier frequencies of lower vhf television 
channels. 

channel video carrier 
number frequency (MHz) 

2 55.25 

3 61.25 
4 67.25 
5 77.25 
6 83.25 

IC is shown in fig. 6. The circuit i s  divided functionally 
into three sections. J1 is the video input connector, 
which i s  driven by the standard composite video output 
signal from a TV camera or video tape recorder (typi- 
cally 1 volt peak into a 72-ohm impedance). This video 
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drive level i s  more than adequate to overmodulate the lead to  instability. I have achieved the greatest success 
microtransmitter, hence the pad-and-trimpot combina- by using a piece of PC stock only as a ground plane, 
tion at J1, which simultaneously matches the relatively positioning the components in space above i t  to  mini- 
high video input impedance of the IC to 72 ohms and mize lead lengths. I call such a configuration a "bread- 
allows the appropriate video level to be set. space," for breadboard suspended in space. (See the 

Because of the number of stages employed, the accompanying photographs.) This circuit would also 
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PICTURE 

MONITORING 

fig. 2. Simplified block diagram of a monochrome T V  transmitter. 

LP-2000 IC provides a considerable amount of rf gain in 
a rather confined space. Thus the circuit exhibits a 
strong tendency toward oscillations if precautions are 
not taken. It is advisable to let the physical arrangement 
of the schematic dictate the circuit board layout. As 
with all "hot" vhf circuits, short and direct wiring is a 
must. No printed-circuit artwork is provided, as the stray 
coupling between traces in a PC board would most likely 

lend itself well to isolated-pad construction, as described 
in recent  article^.^^^ 

Parallel resonant circuits Cl -L1 and C2-L2 tune the 
oscillator and amplifier stages respectively. Any coupling 
between them will obviously result in oscillations, or at 
least potential instability. Although the toroidal cores on 
which the inductors are wound tend to minimize stray 
coupling, the two inductors should nonetheless be 

D W B L E  
BALANCED I 

MIXER 

R 

I MODULE 

1 L.O. INJECTION 

fig. 3. Block diagram of A T V  transmitter for use in the 70-cm band. 
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oriented at right angles to one another as a precaution 
against oscillations. Although not attempted in the 
prototype unit, the use of shields positioned as shown 
by the dotted lines in fig. 6 is a good idea. The 3-dB T 
pad between L3 and J2 not only keeps the power level 
within the requirements of the system but also provides 
a degree of isolation against instability that may occur 
from mismatching the output to i t s  load. 

microtransmitter tuning 
A common amateur practice in tuning transmitting 

equipment i s  to adjust all tuned circuits for maximum 
indicated output power. As this circuit i s  potentially un- 
stable, such an approach would be disastrous if applied 
to the microtransmitter. The resulting output signal 
could well contain a multitude of frequency compo- 
nents. I f  some of the output energy did indeed fall on 
the desired video carrier frequency, i t  would only be by 
coincidence. The best way to tune this circuit is with a 
spectrum analyzer. Trimmers C1 and C2 are tuned for 
maximum output on the desired video carrier frequency 
consistent with minimum spurious output. Tuning 
should be accomplished with video input connector J1 
terminated into a 75-ohm resistor. Some interaction be- 

G M )  +\bc WX YOO YOO I N W /  
LATCH PMLP 8115 S T  
OUT HPUT 

fig. 4. Block diagram of the LP-2000 transmitter IC. 

Vestigial A T V  system uses point-to-point wiring on PC chassis. 

tween the tuning of C1 and C2 will be noticed; repeated 
adjustments may be necessary. 

Since few amateurs have access to a spectrum analy- 
zer, two alternative tuning methods are proposed. The 
first involves the use of a high-selectivity absorption 
wavemeter (or grid-dip oscillator in the absorption 
mode), loosely coupled to J2. Adjust C1 and C2 
repeatedly for maximum indicated output on the de- 
sired video carrier frequency, then tune the wavemeter 
over its total frequency excursion to ensure absence of 
parasitic oscillations. 

Those lacking an absorption wavemeter will probably 
have difficulty in adjusting this circuit. Nonetheless, a 
"last resort" tuning method may be attempted. Loosely 
couple J2 output into a TV receiver that i s  adjusted for 
reception at the channel for which the microtransmitter 
was built. Tune C1 and C2 until the resulting video car- 
rier blanks the TV receiver screen. Now tune the receiver 
to all adjacent channels to detect any parasitic oscilla- 
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tion. I f  any other channel is blanked, try again until 
output is noticed only on the desired channel. 

The video level setting i s  best accomplished visually. 
After the rf adjustments are completed, loosely couple 
the rf output into a TV receiver. Connect a TV camera 
to J1 and scan a scene containing bright white level (a 
test pattern is ideal). Tearing of the horizontal synchron- 
ization will occur with the trimpot set for maximum 
video modulation. Back off on the video level until a 
stable sync is  obtained, which will put the transmitter 
very close to the standard 12.5% +2.5% modulation level 
for bright white. If the camera is  properly adjusted, the 
75% 52.5% blanking level will fall into line automat- 
ically. 

vestigial sideband filter circuit 
The filter depicted in fig. 7, consisting of two criti- 

cally coupled parallel resonant circuits with link coup 
ling in and out, is the absolute minimum in circuit corn- 

Construction of the vestigial sideband filter. All coils are wound 
on Amidon T50-10 toroid cores. 

fig. 7. Vestigial sideband filter schematic for T V  channels 2-3. resonator pairs should be considered for operation a t  TV 
All coils are wound with no. 18 ( l m m )  on Amidon T50-10 channels 5 and 6. 
toroids. L 1  is 4 turns; L 2  is 10  turns; L 3  is 4 turns; L 4  i s  4 turns. 
See text for coil data for channels 4-6. 

Construction of the vestigal sideband filter is far less 
critical than that of the microtransmitter module. The 
only precaution to be observed is  adequate shielding of 

plexity considered adequate for amateur vestigial side- the filter assembly to prevent lower video sideband com- 
band transmission. Attenuation of frequency compo- ponents from leaking around the filter and being radi- 
nents 2 MHz below the video carrier frequency, as seen ated into following stages. 
in fig. 8, is 11 dB referenced to the passband midpoint. 
Similarlv. the -3  MHz comDonent is attenuated bv 13.5 vestigial sideband filter tuning 

, . 
dB. If high-power ATV operation is anticipated, a As in the case of adjusting the microtransmitter 
greater degree of lower-sideband attenuation may be module for optimum rejection of spurious output, prop- 
desirable, and two or more sets of resonator pairs may erly tuning the vestigial sideband filter requires equip- 
be cascaded. If multiple stages are used, stagger tuning ment not often available to the ATV experimenter. Thus 
may be necessary to maintain the required passband 
bandwidth. 

As mentioned previously, the vestigial sideband filter 
may be modified for operation at different video carrier 
frequencies by modifying the number of turns on the 
toroids. As a general rule, skirt selectivity can be ex. 

+1ZV 

I OSCILLATOR 

pected to degrade as operating frequency increases (due I 
I to a decrease in loaded 0). This suggests that cascaded I 
I 61 25 < 

VIDEO MOOULATOR 

VIDEO IN 

fig. 6. Microtransmitter module schematic. Coil forms are Ami- 
don T25-10 toroids. For T V  channels 2-4. L 1  is 8 turns no. 20 
(0.8mm); L 2  is 10  turns no. 28 (0.3mm); L 3  i 
(0.3mm) wound opposite L2. See text for coil data for higher 
channels. 
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FREQUENCY iMHd 

fig. 8. Vestigial sideband filter swept-frequency response. 

in addition to the ideal approach, a compromise adjust- 
ment method will be outlined. Ideally, the filter should 
be adjusted on an rf sweep setup, as indicated in fig. 9. 
The procedure consists merely of adjusting C1, C2 and 
C3 of fig. 7 repeatedly until the desired frequency re- 
sponse (that of fig. 8) is displayed on the CRT. The goals 
are a 5-MHz bandwidth, minimum passband ripple, and 
steepest possible lower-skirt selectivity with the video 
carrier frequency falling just at the knee of the lower- 
skirt rolloff. An application note from Hewlett-Packard5 
describes swept attenuation measurements in detail. 

The filter passband can be adjusted manually using a 
stable rf signal generator, a vtvm with rf probe, and a 
50-ohm coaxial feedthrough. Equipment is connected as 
in fig. 10. The signal generator i s  adjusted to  2 MHz 
above the desired video carrier frequency, coupling 
capacitor C3 adjusted to  minimum capacitance, and C1 
and C2 adjusted for a maximum indication on the vtvm. 
The filter will now be adjusted for minimum coupling 
(thus maximum Q) and will be resonant near the center 
of its passband. Next readjust the signal generator fre- 

SAWTOOTH OUT 

SWEEP 

fig. 9. Setup for swept-frequency response meas- 
urement of filters. 

quency to coincide with the video carrier frequency. The 
vtvm indication should drop off  markedly because of the 
high selectivity and narrow bandwidth of the under- 
coupled resonators. The filter passband will widen if C3 
capacitance is increased (because of tighter coupling), 
which will bring the video carrier within the lower skirt. 

The carrier-frequency attenuation, relative to  mid- 
band power level, will be 1 to  2 dB when the voltage 
produced at the video carrier frequency (measured on 
the vtvm) equals 80 to 90% of the voltage indicated at 
mid passband. Acceptable vestigial sideband filtering will 
result under such conditions. Passband ripple and skirt 
selectivity can be examined readily by sweeping the sig- 
nal generator manually in frequency and observing the 
vtvm. 

conclusions 
As rf spectrum space becomes increasingly scarce, 

vestigial sideband transmission will become the standard 
for ATV. A high degree of frequency flexibility can be 

TEST 
M - O H M  
LOAD 

fig. 10. Setup for manual-frequency response meas- 
urement of filters. 

maintained by generating a stable vhf television signal, 
filtering i t  to roll off the lower sideband, then hetero- 
dyning the resulting vestigial sideband signal to the trans- 
mission frequency. I hope the equipment described will 
be the first of numerous approaches to apply commer- 
cial standards to amateur television transmission. 
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low-cost 
digital clock 

New digital clock IC 
is designed for 

alarm clock-radio service 
and provides 

display drive, alarm 
and sleep-to-music 

in 12- or 24-hour formats 

Fairchild Semiconductor has announced the 381 7, an 
mos digital clock IC with full clock radio features. The 
direct drive offered by the 381 7 IC allows the design of 
a simple, low-cost clock radio without the multiplex 
noise problem previously associated with mos clock cir- 
cuits. The design described here capitalizes on this direct- 

I 
drive capability and features the Fairchild FND500 
LED display. 

device description 
The 3817 digital alarm clock i s  a monolithic mos IC 

which uses lsoplanar p-channel processing. The logic 
density thus achieved allows the incorporation of large 
output transistors for direct digit drive without making 
the overall chip size too large for low-cost, high-volume 
production. The 381 7 i s  micro-programmable at the 
mask level to allow options such as alarm tone or dc a t  
the alarm output pin without making major changes to 
the entire mask set. Four display modes are switch selec- 
table (time, seconds, sleep and alarm) allowing the user 
to build several types of clocks and timers. Either a 5 0  
or 60-Hz input may be used for the clock input, derived 
from either the power line with the simple R C  filter 
shown or from an external timebase. Time display may 
be either 12-hour (with AMIPM indication) or 24-hour 
format. Outputs consist of display drive, alarm, and 
sleep to music (timed radio turn-off). 

The FND500 is a 0.5 inch (13mm) high common- 
cathode LED display using a single diode per segment 
with a light pipe for diffusion. The digits may be hori- 
zontally stacked on 0.6 inch (15mm) centers for a com- 
pact display. 

By Douglas R. Schmieskors, Jr., WAGDYW, 22065 
McClellan Road, Cupertino, California 95014 
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fast set input S6 alarm off input 
01 

slow set input 57 snooze input 
seconds display input 58 alarm tone on/off 0 2  

ZN440I 

alarm display input S9 alarm output on/off 
sleep display input R41  tone amplitude control 

fig. 1. Schematic diagram of the digital clock using the Fairchild 3817 digital clock IC. Circuit may be wired for 12- or )&hour 
format. as discussed in the text. Pinouts of the 3817 are shown in fig. 2. 

circuit description 
Power supply. Three separate power supplies are actually 
used in the design shown in fig. 1. Diode CR1 and 
capacitor C2 provide Vss and display power; CR2, C3 
and U2 provide a regulated A+ for the radio; CR3 and 
C4 provide a "high" to the display blanking input of the 
3817. Should a power failure occur, R2 discharges C4, 
the display blanking input goes low, and the display is  
blanked until power is reapplied. With the display 
blanked, the 3817 requires less than 4 mA to maintain 
the registers and this is provided by the charge on C2. 
U2 is a 7800-series IC voltage regulator with the output 
voltage and current handling capability determined by 
the requirements of the radio used. R1 and C1 form an 
RC filter to remove line transients which could cause 
false counting or device damage. The output of the filter 
i s  applied to the Cp input (pin 35) of the 381 7, where an 
internal Schmitt trigger shapes the signal for further use. 

Output drive circuits. Transistor 0 3  and its associated 
resistors provide an active low output for timed radio 
turn-off after a user-selected interval of up to 59 
minutes. This portion of the circuitry may be omitted in 
its entirety if the feature i s  not desired. 

the alarm comparators. Again, this portion may be omit- 
ted in its entirety if the feature is not desired. 

Transistor Q5 and its associated components provide 
an alarm tone output at a level sufficient to drive a 

Diode CR4 and C5 rectify the alarm tone output for Layout of the digital clock PC board. Three-terminal voltage 
amplification by Q4, resulting in an active low output for regulator is not installed, nor is the phototransistor display con- 

timed radio turn-on when a coincidence is  detected by trol circuitry. 
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table 1. Display modes of the Fairchild 3817 digital clock IC. fig. 3. Wiring of the PI;:9 PIN 4 0  PIN 2 
PM B a C  

selected 
display mode* digit 1 digit 2 digit 3 digit 4 

Time display 10s of  hours hours 10s of mlnutes minutes 
and AM/PM 

Seconds display blanked minutes 10s of seconds seconds 

Alarm display 10s of hours hours 10s of minutes minutes 
and AM/PM 

Sleep display blanked blanked 10s of mlnutes minutes 

" I f  more than one display mode input is applied, the display priorities are 
in the order of Sleep (overrides all others), Alarm, Seconds, Time (no 
other mode selected). 

40-ohm speaker with enough volume to wake even the 
soundest of sleepers. I f  a radio is  used, this speaker 
should be omitted and 0.1-pF capacitor from Q5's col- 
lector to the radio's audio amplifier input should be in- 
stalled. S9 is tone on/off and R41 controls the tone 
amplitude. 

Control circuits. All control functions are implemented 
by applying Vss to the appropriate pin (an internal pull 
down to Vdd through approximately 2 megohms is  pro- 

PIN ONE LOCATOR 

AM 10 n R s  OUTPUT a e c  4 1 .  w OUTPUT 

I Hz OUTPUT 

HRS 1 38 12/24  HR SELECT 

tens of hours digit 
for the 24-hour for- 
mat is accomplished 
on  the PC board 
(fig. 5) by jumpers 
as discussed in  the 
text. 

HRS p 4 
HRS o 

HRS D 6 
HRS d I 
HRS e 2 
HRS . 

I 0  MIN I d  

1 0  MIN -! 
10  M IN a e d  2 

10 MlN I A 
lO MlN d 2 
10 MlN c IS 
10 MlN 1 

10 MlN p 2 
l o  MIN o 2 

MlN l 19 
MlN d 2 

Display and the appropriate setting input; the time-of- 
day setting is  not disturbed by this operation. 

Sleep Display (pin 30) blanks the hours digits and 
displays the minutes remaining until timed radio turn-off 
occurs. Operation of this input plus a setting input 
causes the sleep timer to decrement at the same rate at 
which time of day is set. When this input is activated, 
sleep output (pin 27) goes to V,,; when the counter 
reaches 00 a latch is reset and the output goes low, Q3's 
collector goes high, and the radio turns off. The turnoff 
may also be accomplished at any time in the countdown 
by momentary operation of the Snooze input (pin 24). 

fig. 2. Pinouts of the 3817 digital clock IC. 

3817 

- 
TOP VIEW 

Snooze inhibits the alarm output for 9 minutes, after 
which the alarm again sounds. The input may be used as 

, often as desired during the 59 minutes for which the 
alarm latch is  set. 31 BLANKING INPUT 

16 5 0 6 0  Hz SELECT 

35 5 0 6 0  HZ INPUT 

34 FAST SET INPUT 

35 SLOW SET INPUT 

52 SECONDS DISPLAY INPUT 

?!-- ALARM DISPLAY INPUT 

SLEEP DISPLAY INPUT 
2 9  - Vda 

vs, 
a SLEEP OUTPUT " ALARM OFF INPUT 

ALARM OUTPUT 

29 SNOOZE INPUT 

OUTPUT COMMON SOURCE 

ZZ MlN s 

WIN d 

Alarm Off (pin 26) resets the alarm latch, causing pin 
25 to remain low and therefore silence the alarm. This 
momentary connection to Vss also readies the latch for 
the next comparator output, causing the alarm to sound 
again 24 hours later. I f  no alarm output i s  desired for 
more than a day this input should remain at Vss, so a 
spst toggle was used for this function. S9 is provided to 
silence the alarm tone while causing the radio to remain 
on for up to 59 minutes. 

Digit drive circuits. Resistors R13 through R40 limit the 
output current of the 3817 to provide uniform display 
brightness and to prevent destruction of the output de- 

table 2. Setting control functions for the 3817 digital clock IC. 

selected control 
display mode input control function 

vided.) Time of day is displayed in the absence of any of Time* slow Minutes advance at 1-HZ rate 

the following inputs: fast Hours advance at I-HZ rate 
both Hours advance at l -Hz  rate 

Fast Set (pin 34) advances hours a t  a 1-HZ rate; Slow Alarm slow Alarm minutes advance at 1-Hz rate 
Set (pin 33) advances minutes at a 1-HZ rate; Seconds fast Alarm hours advance at l -Hz  rate 

Display (pin 32) blanks the tens of hours digit and both Alarm resets to  12:oo AM (12-hour format) 

minutes and seconds are displayed on the remaining 
both Alarm resets to  00:OO (24-hour format) 

digits; simultaneous operation of Seconds ~i~~~~~ and Seconds slow Hold (input to entire time counter is inhibited) 
fast Seconds and 10s of seconds reset to  zero with- 

Slow Set displays seconds and holds the time counters out a carry t o  minutes 
(refer to tables 2 and 3 for a complete explanation of both Time resets to  12:00:00 AM (12-hour format) 

control and display functions). both Time resets to OO:OO:OO (24-hour format) 

sleep slow Subtracts count at 1 Hz Alarm Display (pin 31 ) temporarily defeats time-of- fast Subtracts count at 60 HZ 

day display and causes the time for which the alarm is  both Subtracts count at 60 HZ 

currently set to be displayedt along with the appropriate 'When setting time, sleep minutes wil l  decrement at rate of time counter 
AM or PM indication when in the 12-hour format. Alarm unti l  the sleep counter reaches 00 minutes (sleep counter wil l  not 
Set is accomplished by simultaneous operation of Alarm recycle). 
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mXR5 YlNLlTES I TENS I U N I W  1 TENS I UNITS 1 24-hour operation: jumper points 1 and 2, 4 and 
5, and 7 and 8 

*M INDICATOI) In the 12-hour format, only, resistors R13 thru R40 
may be omitted and replaced with jumpers if the follow- 
ing additional changes are made: 

fig. 4. Arrangement of the FNDSOO common-cathode LED dl* 
plays showing the AM and PM Indicators. Note that the tens of 1. Replace J5 with a 5.1 volt, 1 watt zener diode with 
hours and tens of minutes displays are inverted. In  the 12-hour the anode oriented toward 0 1  and Q2 collectors. 
format the colon is provided by the unused decimal points in- 
cluded with the diglts. 

vices. The value of these resistors is  determined by 
the formula 

Therefore, with a 12-volt rms transformer, R will be 
approximately 1800 ohms at 8 mA, as the forward volt- 
age drop of GaAsP i s  about 1.6 volts and the 1000-pF 
filter capacitor will charge to the peak ac value. 

Wiring for the tens of hours digit in 24-hour time 
format is shown in fig. 3 and i s  accomplished on the PC 
board (fig. 5) by jumper installation as follows: 

12-hour operation: jumper points 1 and 3, 4 and 
6, and omit J1 

fig. 5. Component placement on the digital-clock PC board. A 
full-sized printed-circuit layout i s  shown in fig. 6. 

Front view of the low-cost digital clock shows installation of the 
separate readout circuit board. 

2. Replace diode CR6 with a jumper. This maintains the 
display V common 5.1 volts above ground and moves a 
watt of power dissipation to the zener diode. 

Display brightness control. Transistor 01, a photo- 
transistor, and Q2 control the voltage drop between the 
LED common cathodes and ground. R3 biases Q2 so 
that the display does not completely blank even in total 
darkness. 56 kilohms has been used with satisfactory 
results. Increasing the value will lower the minimum 
brightness with 100k being about the highest practical 
value. Q1 may be omitted and a 25k pot installed from 
V,, to ground with the wiper connected to Q2's base, 
using the 0 1  emitter pad for connection, if manual 
brightness control is desired. Q1, Q2 and R3 may be 
omitted and replaced with a jumper from 02's collector 
to emitter for fixed maximum brightness. 

Display. The tens of hours and tens of minutes digits 
(fig. 4) have been inverted in the display to provide an 
AM indicator and an acceptable colon from the other- 
wise unused decimal points included with the digits. This 
approach eliminates the use of discrete LED lamps for 
these functions. I t  should be noted that the manufac- 
turer's designations of segments A thru G must be dis- 
regarded when a digit i s  inverted and the builder should 
re-define the segments as shown. The colon may be 
wired to the junction of CR2lC3 through a resistor in 
either the time display format, or, in 12-hour format 
only, it may be tied to the 1-Hz output thru a resistor 
one-half the value of that selected for R13 thru R40. 
This latter method will pulse the colon a t  a 1-Hz rate for 
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Many of our customers then 
are still our customers today. .. 

Long term stability means more than just equipment performance. 
(It also refers to people and companies). 

R. L. DRAKE COMPANY 
540 Richard St., Miamisburg, Ohio 45342 
Phone: ,513, 866-2421 Telex: 288417 

@ 

See us at Dayton Hamvention 
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vhf prescaler 
for digital 

frequency counters 

A sensitive circuit 
that will extend 

your counter's range 
to 300 MHz 

As easy-to-build, high-performance vhf prescaler can be 
added to a high-frequency digital counter to extend its 
useful frequency range to 300 MHz. Such a prescaler is 
described here with my experiences in adding it to a 

I homebrew counter. The prescaler i s  based on the Fair- 
child 95H90 and a series of articles by W6PBC.1*2*3 
These articles contain excellent material for those inter- 
ested in obtaining the ultimate performance from the 
95H90 prescaler. The unit described here can be built 
for around $25. 

circuit 
The circuit (fig. 1) i s  based on W6PBC's work and 

information in Fairchild 95H90 data  sheet^.^ A low- 
impedance input amplifier uses a 2N5179 transistor to 
provide good gain at vhf. Two back-to-back IN914 
diodes protect the input from overload. The 22-ohm 
resistor and two 0.05-pF capacitors isolate the input 
amplifier to prevent oscillation. The amplifier i s  coupled 
to the 95H90, which also has a low input impedance. 
The 95H90 operates best with low input impedances 
hence the 68- and 200-ohm input bias resistors. 

Decoupling the 95H90 from the power supply i s  
accomplished with the 0.01 and the 2-20 pF capacitors. 
A 2N5771 couples the 95H90 output to TTL counter 
inputs. Most counters with amplified inputs can be 

- 
By Marion D. Kitchens, Jr., K4GOK, P.O. Box 183, 
Hayrnarket, Virginia 22069 



operated by connecting pin 8 of the 95H90 to the however. The 2-20 pF decoupling capacitor should be 
counter input through a 0.01-pF capacitor. Both the smallest physical size you can obtain. The PC board 
arrangements are shown in the schematic and the parts is laid out for %-watt resistors, although if you really 
placement drawing, fig. 2. Input sensitivity was not work at it you can install X-watters. The %-watt resistors 

fig. 2. Full-size board showing component placement. 

measured but should be around 15 mV at 100 MHz and are preferred. Note that pin 14 of the 95H90 is floating; 
about 100 mV a t  260 MHz, according to W6PBC's data. no connection should be made to it. 

The RG-174 coax is held in place (strain relieved) by 
construction placing short loops of wire over the coax and soldering 

Construction i s  simple. Just mount all parts, except them to the PC board. Fig. 2 shows component place- 
R,, onto the PC board and solder. (R, is discussed ment. A photo of the circuit board is shown without the 
later.) A few points about construction should be made, heatsink in place and with temporary wiring. The 

M 

fig. 1. Vhf premaler mhematlc using the Fairchild 95H90 
(after WIPBC). L1  is 8 turns no. 26 (0.4mm). 5/32" (4mm) 
diameter. 5/8" (16mm) long. FL*l M T E R S  WTH I U S I F I E D  INPUTS 
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fig. 3. Heatsink is made from 0.03-Inch thlck 
(1.Omm) aluminum. 

don't know if my prescaler will go higher or not. The 
heatsink was used to mount the prescaler in the cabinet 
Fig. 4 shows a full-size etched board layout for the pre- 
scaler. 

supply voltage 
lndividual 95H90s have a "best" supply voltage that 

results in maximum count frequency. The best voltage 
for most 95H90s is 4.85 V according to W6PBC's data. 
My homebrew counter power supply provides 4.85 volts 
(how lucky can you get?), so when the prescaler was 
wired directly to the power supply for testing a 
300-MHz count frequency was obtained. However, when 
the permanent installation was made, the maximum 
count frequency was only 150 MHz. After many hours 
of searching I found the 95H90 voltage was only 4.60 V. 
I was surprised to find a 2-amp in-line fuse produced a 
0.1-volt drop. The other 0.15-volt drop was across a 
switch located between the power supply and the 
counter. This total 0.25 volt drop caused no problems 
with the basic counter but sure played havoc with the 
prescaler. 

2N5771 should be installed with i t s  flat side down 
against the PC board so i t  will clear the aluminum 
heatsink. 

A heatsink (fig. 3) i s  strongly recommended although 
not absolutely necessary. Fairchild data sheets indicate 
the 95H90 maximum count frequency depends on the 
IC's temperature. About 750 kHz is lost for each OC rise 
in temperature, for near-room temperatures. My pre- 
scaler frequency limit was around 270 MHz without the 
heatsink, but went to 300 MHz with it. The signal 
source. a ar id-d i~ oscillator. was limited to 300 MHz so I , u 

fig. 4. Full-size etched board layout. 

Only external evidence of the vhf prescaler in K4GOK's home- 
brew frequency counter is the separate prescaler input connector The 95H90 draws 100 to 150 mA so a value for R, in 
and on-off switch on the right side of the front panel. the 1-ohm range will provide 4.85 volts from a 5.0-volt 

source. lndividual 95H90s will draw different currents, 
so R, is best determined by trial and error. Tack in a 
trial resistor and measure the maximum count frequency 
until you're satisfied. 

conclusion 
The prescaler was easy to build and operate. It should 

be useful for vhf enthusiasts since it covers 50, 144 and 
220 MHz with good sensitivity. No tricky, fussy or un- 
stable circuits are involved. The vhf prescaler i s  a very 
worthwhile addition to all digital counters. 
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TRANSISTOR - TRANSISTOR ox OSCILLATOR 
Crvs ta l  c o n t r o l l e d  t r ans -  RF MIXER RF POWER AMP - , - ~ -  
istor type. 3 to 20 MHZ, OX-Lo, 
Cat. No. 035100. 20 to 60 MHz, 
OX-Hi, Cat. No. 035101 
Specify when ordering. 

Price $3.95 ea. 

OF-1 OSCILLATOR 
Crys ta l  c o n t r o l l e d  t r ans -  
istor type. 3 to 20 MHz, OF-1. 
Lo, Cat. No. 035108. 20 to 60 
MHz, OF-1. Hi, Cat. No. 035109 
Specify when order~ng. 

Price $3.25 ea. 

EX CRYSTALS 
(HC 6/U HOLDER) 
Cat. No. Specifications 
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-1 L OSC 
Specify when ordering 

$4.25 ea. 
031310 20 to 60 MHz - For 

use in  OF-1H OSC 
Specify when ordering. 

$4.25 ea. 

A single tuned circuit intended 
for signal conversion in  the 
30 to  170 MHz range. Har- 
mon ics  of  the OX o r  OF-1 
oscillator are used for injection 
in the 60 to 179 MHz range. 
3 to 20 MHz. Lo Kit. Cat. No. 
035105. 20 to 170 MHz, Hi Kit, 
Cat. No. 035106 
Specify when ordering. 

Price. $4.50 ea. 

SAX-1 
TRANSISTOR 
RF AMP 
A small s ignal  ampl i f ier  to  
drive the MXX-1 Mixer. Signal 
tuned input and link output. 
3 to 20 MHz, Lo Kit, Cat. No. 
035102. 20 to 170 MHz, Hi Kit, 
Cat. No. 035103 
Specify when ordering. 

Price $4.50 ea. 

1 A single tuned output amplifier 
designed to follow the OX or 
OF-1 oscillator. Outputs up to 
2 0 0  m w ,  d e p e n d i n g  o n  
frequency and voltage. Ampli- 
fier can be amplitude modulated. 
3 to 30 MHz, Cat. No. 035104 
Specify when order~ng. 

Price $4.75 ea. 

BAX-1 
BROADBAND AMP 
General purpose ampl i f ie r  
which may be used as a tuned 
or  untuned un i t  i n  RF and 
audio applications. 20 Hz to 
150 MHz with 6 to 30 db gain. 
Cat. No. 0351 07 
Specify when ordering 

Price $4.75 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 will 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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50 years of television 

The first 
public demonstration 

of television was given 
fifty years ago 

although experimenters 
have been interested in 

transmitting visual images 
for more than 

100 years 

Last year marked approximately the 50th anniversary of 
television, a media which began amidst an array of flick- 
ering neon lamps and a whirling disc in 1925, when C. 
Francis Jenkins transmitted a live silhouette of a moving 
windmill from his workshop in Anacostia, Maryland, to 
the Navy Department in nearby Washington, DC. Later 
that year Jenkins gave his first public demonstration of 
the radio transmission of live images (which he called 
"radiovision") and film ("radiomovies"). 

In a conference at the Department of Commerce on 
May 29th. 1925, the authorities decided to allow ama- 
teurs to transmit pictures and facsimiles on any wave- 
lengths for which they were licensed,' but there is  no 
record of any amateur television transmissions until 

covery in 1873 by Lewis May, a British telegrapher, of 
the photoconductive properties of selenium. The prin- 
ciple of rapidly scanning each picture element in succes- 
sion, line by line, was proposed in 1880 by Maurice 
Leblanc of France and led to one of the first television 
patents which was issued to Paul Nipkow of Germany in 
1884. The distinctive feature of the Nipkow system was 
the use of a spinning disc, with a spiral array of holes 
near its outer edge, to disassemble the image into a series 
of dots, and a similar disc at the receiving end to re- 
assemble the picture (fig. 2). Until the advent of all-elec- 
tronic image scanning in the 19305, all workable tele- 
vision systems depended on some form or variation 
(mirrored drums, lensed discs, etc.) of the sequential 
scanning system examplified by the Nipkow disc. 

The sequential reproduction of visual images is feas- 
ible only because the human visual sense displays a per- 
sistance of vision -- the brain retains the impression of 
illumination for about 100 milliseconds after the source, 
of light i s  removed. I f  the image-making process occurs 
within less than 100 milliseconds, the eye is  unaware 
that the picture has been assembled piecemeal, and it 
appears that the whole viewing screen i s  continuously 
illuminated. 

Although selenium was used by all the early television 
experimenters, i t  had one serious handicap: slow re- 
sponse to changes in light. The discovery of a potassium 
hydride coated cell in Germany in 191 3 improved sensi- 
tivity and the ability to follow rapid changes of light, 

TO 
s 

BATTERY 

I 
I I many years later. 

fig. 1.  Image transmission system of 1875. At the transmitting 

the early years end light is converted into electrical energy which is used to 
energize a lamp at the receiving end. Since the output of each 

The transmission of visual images goes back one- selenium cell must be individually connected to a corresponding 
hundred years, to 1875, when George Carey in Boston lamp at the receiving end, a large number of wires is required. 

used the system of fig. 1 to simultaneously transmit each 
separate picture element by wire. This followed the dis- By Jim Fisk, WlDTY, and Dave Ingram, K4TWJ 
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but experimenters were s t i l l  limited by the slow response suitable amplifiers, his proposed mosaic-screen image 
of incandescent lamps. This was solved by the invention pickup tube was remarkably like the iconoscope in- 
of the neon gas-discharge tube by D. M. Moore in 1917. vented by Vladimir Zworykin some fifteen years later. 

The application of the cathode-ray tube for television Because of the lack of suitable amplifiers, television 
reception was first proposed by Boris Rosing in Petro- experimenters continued to work with mechanical tele- 
grad in 1907, but development of his patent was re- vision systems and, in 1922, using his own version of 

ICIUAL RClURC 

" CURRENT UR11710NS 
, 

NIPKOW DISC 24-LINE SCAN 48-LINE SCAN 

fig. 2. Spiral hole layout in a 24-line Nipkow scanning d im is shown at left. The shaded area represents the size of 
the reproduced image. Enlarged view of an image produced by  the 24hole  scanning disc in center shows poor 
resolution of 24-line scanning. At  right is the same image produced by 48-line scanning disc. Resolution is 
improved but is still crude compared to modern standards. 

tarded by the lack of suitable photo cells and electronic 
amplification. However, he did succeed in transmitting 
and reproducing some crude geometrical patterns. In 
1908, Alan Campbell-Swinton, a Scotsman, outlined a 
method that is the basis of modern television when he 
proposed the use of a magnetically-deflected CRT at 
both the camera and receiver. Although his idea couldn't 
be translated into workable hardware because he lacked 

Nipkow's disc, C. Francis Jenkins transmitted a s t i l l  pic- 
ture from one room to another. The next year he re- 
ceived nation-wide attention when he sent a recognizable 
picture of President Harding by wireless from Washing- 
ton to Philadelphia. 

In the Jenkins system a disc with 24 (later 48) aper- 
tures was rotated at 2000 rpm by a motor whose speed 
was varied until i t was synchronized with a similar setup 
at the transmitting end.* A neon tube was positioned 
behind the receiving disc and connected in place of the 
receiver's earphones which, in the broadcast sets of the 
1920s, were connected between the audio output tube's 
plate and B+ supply. A piece of ground glass or thin wax 
paper was placed in front of the neon tube to diffuse the 
light. Motor speed was difficult to regulate, and since 
exact synchronism was required for good image repro- 
duction, copying a picture off the air was something of a 
challenge. The pictures were usually about two inches 
(51mm) square although many viewers (Jenkins called 
them "Lookers in") used a magnifying glass to enlarge 
this area to 5 or 6 inches (13 to 15cm) square. 

All of the mechanical systems, however, suffered 
from poor definition and flickering. Swinton and others 
had pointed out that at least 100,000 and preferably 
200,000 elements were required for good quality and 
definition on a screen of reasonable size. John Baird of 
England gave the first true demonstration of television in 
1926 by transmitting moving pictures in halftones using 
30 lines, scanned 10 times per second. However, since 

Television pioneers Dr. E.F.W. Alexanderson (right) and Ray D. the number of elements is a~~roximatelv eaual to the . -  . - -  - ~~ - - . .  - , . 
Kell examine a lensed 48-hole Nipkow disc used in TV experi- 
ments in 1927. This disc is now in the collection of the Antique 

square of the number of lines, Baird's 30-line system was 

Wireless Association Museum in East Bloomfield, New York. far from adequate - 300 lines being more nearly the 
(photo courtesy RCA) minimum. 
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Far-sighted planners at American Telephone and Tele- 
graph, Westinghouse, RCA and General Electric saw the 
commercial possibilities of television in the mid-20s, and 
in April, 1927, AT&T set up the first long-distance tele- 
cast in the United States when then Secretary of Com- 
merce Herbert Hoover spoke from a makeshift studio in 
Washington, DC, and sight and sound were received over 

five minutes of every hour along with simultaneous 
sound which was broadcast by another local station. 

In September, 1928, General Electric telecast the first 
live video drama from W2XCW in Schenectady, an old 
play called "The Queen's Messenger," selected primarily 
because i t  had only two characters. The accompanying 
sound was transmitted by WGY, GE's a-m broadcast 

Jenklns Radiovisor from the collection in the AWA Museum. In  thls set the image was transmitted through a 
rotating Nlpkow disc to a mlrror and reflected onto the ground glass viewing screen. (Photographs by W2BWK) 

the telephone circuits in New York City, 200 miles 
away. In the considerable publicity given to the AT&T 
transmissions the term "television" was used and soon 
came into widespread use as applying to any form of 
visual broadcasting. "Television," of course, means trans- 
mission over wire, and although you cannot argue with 
established usage, Jenkins stubbornly continued to call 
the new medium "radiovision" in his magazine articles 
and advertising. 

In the summer of 1928 the Federal Radio Com- 
mission issued experimental television licenses to Jenkins 
Laboratories in Washington (W3XK) and to the General 
Electric Company in Schenectady, New York (W2XCW). 
Jenkins began broadcasting radiomovies on a regular 
schedule on July 2nd. and a month later he reported 
that "one hundred or more had finished their receivers 
and were dependably getting our broadcast pictures . . . " 
Hugo Gernsback's magazine, Television, regularly reported 
new developments and published construction articles for 
amateurs eager for information and was packed with ad- 
vertising for television kits, parts, discs and neon lamps. 
Gernsback also owned a pioneering radio station in New 
York, WRNY, which broadcast live pictures for the first 
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station. This created a lot of excitement in the press, but 
Dr. Ernst Alexanderson, who directed much of the tele- 
vision development at GE, cautioned that the program 
was experimental and didn't mean that television was 
yet ready for public consumption. 

Indeed it wasn't. Although QST devoted more space 
to television in 1928 than i t  did to radiotelephony, ama- 
teur interest in the crude radiovision systems of the day 
waned quickly, and the topic received little coverage in 
QST in 1929. It wasn't until eight years later and the 

Silhouette as broad- 
cast by the Jenkins 
L a b o r a t o r i e s  in  
1920 .  Tha image 
size shown here is 
the  approximate  
size of the ima9a 
seen b y  "lookers 
In." 



development of cathode-ray television systems that QST 
expressed renewed interest in the s u b j e ~ t . ~ . ~  

Aside from the very crude pictures of the disc- 
television systems which made i t  difficult, in the words 
of one wit, " . . . to tell the difference between an opera 
singer and her poodle," the big problem was synchroni- 
zation. The utility companies tried to maintain 60 Hz. 
but there were no unified power grids as we know them, so 
synchronization was always slow and laborious, and often 
impossible. To quote ARRL's Percy Maxim, WIAW, 
" . . . for about half a second, I actually had a picture. I t  
flickered and i t  was fuzzy and foggy, and about the time 
I was wondering why they picked on a cow to televise, i t  
suddenly dawned on me that it was a man's face I was 
looking at. Then I lost synchronism and my man disap 
peared into a maze of badly intoxicated lines. . 

By 1929 a total of twenty-six television stations were 
licensed by the Radio Commission, although few of 
them broadcast with any regularity. Jenkins, however, 
increased the power of W3XK and started work on a 
plant in New Jersey to build "radiovisors." In 1930 he 
petitioned the Radio Commission to commercialize tele- 
vision using his 60-hole disc system, but the request died 
without action when a Commission engineer said the 
mechanical system was "an absorbing field for the exper- 
imenter but not ready for entertainment." The major 
corporations - including GE, RCA and Westinghouse - 
echoed the Commission's view. 

The images, as seen in the receiver, were small and 
extremely crude. In addition, the pickup camera was 
fixed so the subject had to be brought to it, and the 
transmission of a person's head and shoulders strained all 
the resources of the scanner and transmitter. Obviously, 
a telecast within such technical limitations could have 
little entertainment value. 

Nevertheless, continuing research resulted in increas- 
ing the number of scanning lines to about 180 lines per 
picture, and later, to 240-line images, all generated by 

General Electric televised the flrst remote television broadcast in 
Albany on August 22. 1928. when Governor Alfred E. Smith 
accepted the Democratic nomination for President. (Photo cour- 
tesy GE) 

The first home television reception took place in 1927 at Dr. 
Alexanderson's home in Schenectady. A television system devel- 
oped by  Alexanderson and his co-workers was used for public 
broadcasts in 1928, the year this photo was taken. The television 
screen is In the small square at eye level. (Photo courtesy GE) 

mechanical methods. The increased image details forced 
higher and higher speeds in the mechanical parts, until 
engineers despaired of ever presenting an image of fine 
detail by mechanical scanning methods. 

By this time news of all-electronic image-scanning 
systems were beginning to reach the hobby magazines, 
and the days of the whirling discs were numbered. In 
1932 Jenkins terminated his broadcasts and was taken 
over by the Deforest Radio Company, which itself later 
drifted into bankruptcy. 

1925 re-activated 
As a nostalgic special interest project, K4TWJ is plan- 

ning a re-activation of 1925 style television. This will be 
a project designed so that anyone can join in the fun at 
minimum expense (less than ten dollars, depending on 
your junk box). Alan Smith, W8CHK, and Dave ingram, 
K4TWJ,* will work together to supply information to 
interested parties. Alan will have the disc patterns, de- 
tailed sketches, and instructions available via mail; Dave 
will distribute cassette tapes of TV signals (include re- 
turn postage). 

The tapes will be handled on an exchange basis. Orig- 
inally, a one-time transmission of 1925 TV signals was 
planned for 20 meters. These TV signals sound a bit like 
someone tuning up (a 1000 Hz note) and occupy little 
bandwidth." Briefly, K4TWJ's request to the FCC was 
for a one time, three-minute TV transmission which 

'Alan Smith, W8CHK. 3213 Barth Street. Flint, Michigan 
48504. 

Dave Ingram, K4TWJ. Eastwood 'fillage, No. 604N. Rt. 11, Box 
499, Birmingham, Alabama 35210. 
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fig. 3. System used wlprow 

by K4TWJ to re-re- 
-1 ew t i v a t e  1925-s ty le  

L Y l P  
television. OIYY~R 

would be included in a roundtable discussion among 
interested parties, and would be abandoned if QRM was 
evident. The FCC turned thumbs down on the request, 
contending that the mode was outdated, the trans- 
mission would create unnecessary interference, and sug- 
gested a nationwide telephone hookup. Mailing tapes 
was the alternative. 

Fig. 3 shows K4TWJ's modern day equivalent setup 
for reproducing 1925 style TV. An ac motor such as an 
old fan or phono motor is used to rotate the scanning 
disc. A commercial light dimmer is placed in series with 
the motor for synclspeed control of disc. The speed will 
later be adjusted to approximately 1700 rpm. Light- 
emitting diodes are used to replace the neon glow tube 
used in the early systems. It is suggested that three or 
four LEDs be used and positioned to form a square pic- 
ture area. Wire the LEDs in parallel and connect them to 
your receiver or tape recorder speaker. A piece of 
ground glass (grind in a mixture of turpentine and sand) 
is placed between the LEDs and the disc to produce a 
picture area. This area will be approximately 1/2 inch 
(1 3mm) square, depending on the LED'S size. 

Harry Mills, K4HU, and Alan Smith, W8CHK, are to 
be thanked for their assistance with this project. Harry's 
experiences in actually receiving the original TV trans- 
missions from GE's station in Schenectady was the final 
push needed to get i t  going. His assistance in locating 
information on disc TV systems in old engineering texts 
was very helpful. Alan, W8CHK, heard of the project 
and offered to help with copying and mailing. Their 
assistance is  greatly appreciated. 

electronic image scanning 
In 1923 Dr. Vladimir K. Zworykin, a former student 

of Boris Rosing in Petrograd, was granted a patent on a 
system for the "cell storage of light" that was to become 
the basis of modern television. A year later he demon- 
strated a crude tube, which he called the iconoscope,t 
that scanned a scene electronically. 

"There is a close resemblance between 1925 TV  signals and 
modern slow-scan television. Both signals use audio tones which 
require minimum rf bandwidth. Slow-scan TV, however, is infi- 
nitely more stable and has much higher definition. If 1925 TV  
sounds interesting, you are invited to investigate sstv. Any active 
slow-scan operator will be glad to get you started. Also, the 
weekly SSTV Net which meets on 14.230 MHz on Saturdays at 
1800 GMT welcomes inquiries. 

In the iconoscope (fig. 4) the external image is 
focused on a mica plate which is  covered on one surface 
by millions of photosensitive particles, each insulated 
from the other (called a mosaic plate). The other side of 
the plate has a thin, deposited metal coating (called the 
signal plate) so each photosensitive particle forms one 
plate of a miniature capacitor. When a scene is focused 
on the mosaic plate, each of the particles develops a 
positive charge which is  proportional to the amount of 
light falling upon it. When the photosensitive mosaic is 
scanned by an electron beam, the beam discharges each 
of the particles, in turn, and creates a small electric cur- 
rent which is picked off the signal plate and amplified. 

Although the iconoscope was used in nearly all the 
early electronic television systems, secondary electron 
emission generated undesired outputs which had the effect 
of producing uneven shading. As a result, the reproduced 
image had large areas with varying brightness levels 
which were not contained in the original scene. This 
spurious shading signal i s  often called dark-spot shading 
because it can be generated when the mosaic plate i s  not 
illuminated. The spurious shading signal is inherent in 
the iconoscope camera tube but is minimized by using 
low values of beam current (at the expense of camera 
efficiency ). 

At about the same time Zworykin was working on his 
iconoscope, Philo T. Farnsworth was working indepen- 
dently toward an electronic scanning system somewhat 
along the same lines. However, while the iconoscope is  
based on electron storage, Farnsworth's image dissector 
camera tube may be considered an instantaneous scan- 
ner. The image dissector, shown in fig. 5, consists of a 
flat photosensitive cathode located at one end of the 
tube. The light from the scene is focused on the cathode, 
and electrons are emitted in proportion to the amount 
of light striking it at any one point. 

The electrons emitted from the cathode are forced to 
move down the tube by high positive voltages applied to 

t ~ r o m  Greek icon, "image," and scope, "to observe." K4TWJ and the Nlpkow disc he built to reactivate 1925-style TV. 
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Dr. Vladimir K. Zworykin, inventor of the iconoscope, all-elec. 
tronic "eye" of the television camera. (Photo courtesy RCA) 

attracting electrodes a t  the opposite end of the tube. A 
fixed scanning aperture is also located at the anode end 
of the tube and the electrons from the cathode are mag- 
netically deflected by external coils -- as the electrons 
are moved past the aperture they enter and are amplified 
by the electron multiplier structure. Therefore, in the 
image dissector the electronic image is  moved while the 
scanning device is  stationary; the opposite is  true of the 
iconoscope. 

In 1929 Dr. Zworykin demonstrated a television 
transmitter based on mechanical scanning with a receiver 
in which an improved form of cathode-ray tube called 
the kinescope," was used to reproduce the transmitted 
120-line image. In 1931 RCA made experimental tele- 
vision transmissions over station W2XBS in New York 
City and RCA's president, David L. Sarnoff, predicted 
that within five years television would become "as much 
of a part of our life" as radio. As with so many other, 

It was to be four more years before Dr. Zworykin had 
developed the iconoscope to the point where it could be 
used as the basis of a workable, ill-electronic television 
system. 

After several years of experimentation with mechan- 
ical scanning systems, RCA built an entirely new tele- 
vision transmitter at the Empire State Building and 
equipped NBC's nearby broadcasting studios for broad 
experimentation in al l  phases of television broadcasting. 
In the summer of 1936 RCA began extensive field tests 
from the Empire State Building with electronically- 
scanned 343-line pictures, 30 frames per second. In 
January of the following year, however, definition was 
raised to 441 lines in accordance with the proposed stan- 
dards of the Radio Manufacturer's Association, a figure 
which remained until 1941. 

LENS ,MAG€ 

W S I I C  PLATE BEAM 

fig. 4. Iconorcope invented by Vladimir Zworykin uses photo- 
sensitive mosaic deposited on thin mica plate. 

The television art was also advancing in other parts of 
the world. In England, Electrical and Musical Industries 
( EMI) set up a TV research group in 1931 under the 
direction of Isaac Schoenberg. He fostered the evolution 
of a practical system based on a camera tube known as 
the Emitron, which was an advanced version of Zwory- 
kin's iconoscope, and a CRT for the receiver. Schoen- 
berg saw the need to establish standards that would en- 

similar predictions, however, i t  proved to be premature. .From Greek kine, "motion," and scope, "to observe." 
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flg. 5. Philo Farnsworth's image dissector 
camera tube uses electronic image scan- 
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dure for many years and proposed 4051ine pictures, 50 
frames per second. 

The British government authorized the BBC to adopt 
these standards as well as the complete EM1 system, 
launching the world's first public, high-definition TV ser- 
vice in 1936. These same standards remained in effect 
until 1964, when they were gradually superseded by a 
625-line standard.* 

Initially, and for only a short time, the EM1 system 
was under comparison with alternate broadcasts from a 
240-line, 25-frame system developed by John Baird. 
However, the Baird system used mechanical scanning 
and suffered from poor sensitivity. 

electron velocity is required in the neck of the tube, 
however, because of difficulties in magnetic deflection 
and focusing with a low-velocity electron beam. 

Photoelectrons are emitted from the cathode surface 
in direct proportion to the light and shade in the scene, 
converting the optical image into an electron image. The 
electron image is  accelerated toward the target (which is  
300 volts positive in respect to the photocathode), and is 
focused through the screen onto the target plate by a 
uniform magnetic field in a manner very similar to that 
used in Farnsworth's image dissector tube. As the elec- 
tron beams scans the target, a charge distribution corres- 
ponding to the picture elements in the light image deter- 

\ 

fig. 6. Basic construction of LENS 

the image orthicon. The exter- 
nal focusing and deflection SlGNlL OUTPUT 
coils are not shown. PHOTOSENSITIVE SURFACE f - 3 ~ 0 ~ 1  

Regular television broadcasts began in Germany in 
1935, though with medium definition (180 lines), and in 
France engineers were working on a high-resolution 
1000-line system which eventually resulted in France's 
81 9-line standard. 

camera tube development 
Later research in television camera tubes resulted in 

the development of pickup tubes, based on the icono- 
scope principle, which had greatly increased sensitivity. 
The first of these was the orthiconos~ope or orthicon 
which was developed by Albert Rose and Harley lams in 
1939. Continuing research led to the development of the 
image orthicon by Albert Rose, Paul Weimer and Harold 
Law of RCA in 1943. 

In the image orthicon, fig. 6, a glass plate coated on 
one side with a conducting layer of photoelectric mater- 
ial serves as the photocathode. The semitransparent plate 
receives the light image on one side while photoelectrons 
are emitted from the other side, which faces a wire-mesh 
screen and target, to produce an electron image which 
corresponds to the scene focused on the front of the 
glass plate. 

The electron gun produces a stream of electrons 
which is  accelerated toward the target by the positively 
charged anode wall coating. Beam deflection is accom- 
p l  ished with magnetic deflection coils which are 
mounted externally on the tube. A decelerating ring 
with a very low positive potential i s  placed near the 
target to slow down the electrons so the scanning beam 
does not have sufficient velocity to produce secondary 
emission that generates spurious shading signals. High 

'There is still one BBC station broadcasting 405-line telecasts. 
At this time no firm date has been established to convert it to 
the 625-line standard. 

mines the number of scanning electrons returned to the 
electron gun. 

The returning stream of electrons arrives at the gun 
close to the aperture from which the electron beam 
emerged. When the returning electrons strike the aper- 
ture disc, which covers the gun element and is  a t  a 
potential of about +200 volts, they produce secondary 
emission. Therefore, the disc serves as the first stage of a 
five-stage electron multiplier - the output current from 
the final stage varies in magnitude with the light image. 
A more complete discription of this complex tube is  
contained in reference 6. 

While the image orthicon s t i l l  plays a dominant role 
in television broadcasting, the more compact vidicon, 
introduced in the early 1950s, i s  used in most amateur 
TV systems. The vidicon, fig. 7, makes use of a semicon- 
ducting material which is characterized by a resistance 
that decreases upon exposure to light.7 The inside sur- 
face of the glass faceplate is coated with a very thin layer 
of photoconductive material; the optical image is 
focused on the other side of the plate and the photocon- 
ductive layer is scanned with an electron beam which 
deposits just enough electrons on each spot i t  touches 

CUSS FACEPLATE 
I r GRID3 

fig. 7. Schematic diagram of the vidicon. External focusing and 
deflection coils are not shown. 
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that it reduces the signal plate-to-cathode potential. Dur- 
ing the short time between successive scans, charge leaks 
through the photoconducting material at a rate which is  
determined by the intensity to which that part of the 
photoconducting material is  subjected. As the electron 
beam scans the surface of the photoconducting material, 
the charge it deposits varies in accordance with the varia- 
tions in the illumination of successive elements of the 
photoconductor. Therefore, the current through the 
load resistor, and hence the output voltage, electronic- 
ally reproduces the light intensity of the scene. 

frequency allocations 
Late in the fall of 1937 the FCC announced new 

allocations for the spectrum between 30 and 300 MHz 
and, much to the delight of amateurs, reaffirmed the 
56-60 MHz (5meter) band as exclusively amateur. The 
new rules also provided two new exclusive amateur uhf 
bands: 1 12-1 18 MHz (2% meters) and 224-230 MHz (1 3/4 
meters). One of the big worries at the time was the huge 
spectrum space demanded by the impending arrival of 
television, still around several corners but getting closer. 
In fact, the Commission's press release on the new uhf 
allocations commented that, "The investigations and 
determinations of the Commission justify the statement 
that there does not appear to be an immediate outlook 
for the recognition of television service on a commercial 
basis. The Commission believes that the general public i s  
entitled to this information for i t s  own protection . . . " 

Nevertheless, the FCC allocated seven main television 
channels, each 6 MHz wide, between 44 and 108 MHz, 
and twelve additional channels above 156 MHz. The 
50-56 MHz TV channel was of special concern because 
of possible interference due to i t s  close proximity to the 
amateur 5meter band. In New York this channel was 
assigned to CBS, and in a brief survey their engineers 
logged scores of amateur stations operating between 54 
and 56 MHz, well outside the band. When you consider 
that modulated oscillators and superregen receivers were 
the order of the day, this is understandable, but the new 
N allocations spelled the end of broad signals from 
unstable 5meter transmitters (which were often oper- 

This television set, first introduced by R C A  for public use at the 
New Vork World's Fair in 1939, featured a picture reflected 
from the top of the kinescope to a mirror on the underside of 
the cabinet's uplifted lid. (Photo courtesy RCA) 

ated on raw ac). Not unexpectedly, in December, 1938, 
the FCC required that all 5meter amateur transmitters 
meet the same stability requirements as those already 
imposed on the lower frequencies. 

modern television 
The first regular television schedule in the United 

States was introduced by NBC's W2XBS in 1939 with a 
telecast of President Roosevelt opening the World's Fair 
in New York. RCA announced the new NBC program- 
ming in an advertisement for television receivers in QST 
which explained that NBC stations in New York, Sche- 
nectady and Los Angeles would begin telecasting two 
one-hour programs per week, plus special pickups of 
sports, visiting celebrities, e t ~ . ~  The public, however, 
didn't respond eagerly to the new medium, and after five 
months of broadcasting, RCA had sold only 400 tele- 
vision sets. The story was much the same in England 
where only 3000 receivers had been sold after two years 
of television broadcasting by the BBC. 

The New York World's Fair also marked an important 
milestone for amateur television. The Managing Director 
of W2USA at the World's Fair, Art Lynch, W2DKJ (now 
W4DKJ), after seeing a successful demonstration of ama- 
teur television equipment a t  a radio show in Chicago in 
June, was convinced that television communications 
should be added to the station at '.V2USA, "the most 
visited amateur station in the world." Since the World's 
Fair was scheduled to close at the end of October, time 
was short, but Art lined up the necessary talent, and 
with some help from industry, the group built two com- 
plete television systems in an effort to establish the first 
two-way television contact. Their goal was accomplished 

Pilot home television set from the late 19301, one of the first on September 27, 1940, when amateurs at W2USA and 
sets offered to the consumer. From the AWA Museum collec- W2DKJl2 at the New York Daily News Building in Man- 
tion. (photo by  WZBWK) hattan began exchanging fair quality television pictures 
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I n  the early 1930s. Felix the Cat was the first "star" to appear 
before RCA-NBC experimental television cameras. Felix whirled 
around on his phonograph turntable for hours on end while four 
hot arc ilghts beat down on hlm. I n  those early days the crude 
T V  images of Felix looked like he was being viewed through a 
venetian blind. (Photo courtesy RCA) 

on the amateur 1 12-MHz band.g Accompanying sound 
was transmitted on 56 MHz. Distance between the two 
stations was about eight miles. 

The television equipment at each end of the circuit 
consisted of a camera-modulator unit, a receiver and a 
transmitter which were duplicates of equipment de- 
scribed earlier in QST.' 0-1 The system used 30-Hz ver- 
tical scanning, 3600-Hz horizontal scanning and a 120 
line raster. Considering that the pictures were viewed on 
a CRT with a P1 phosphor, the results were quite grati- 
fying. Each station boasted the very latest in electronic 
equipment including electro-magnetically-deflected 
cathode-ray tubes, free-running sweep circuits synced by 
external pulses and iconoscope camera tubes. The equip- 
ment was donated by RCA, National, Hallicrafters, Ham- 
marlund, Thordarson and Kenyon. The station a t  
W2USA used a single 1000-watt lamp for subject illumi- 
nation while W2DKJ/2 had a battery of smaller lights 
with reflectors. 

A number of amateurs in the vicinity of New York 
were working on their own television receivers and on 
October 15th. W2AOE put on a demonstration for mem- 
bers of the Northern Nassau Radio Association by re- 
ceiving TV signals from the 20-watt station at W2DKJl2, 
17 miles away, using an improved version of the receiver 
described by J. B. Sherman in QST.9 The range was 
increased to 29 miles on October 19th when good qual- 
ity TV signals from W2DKJl2 were received at W3FRE 
in Denville, New Jersey. 

On July 1st. 1941, NBC's New York station, called 
WNBT, and CBS's station, WCBW, were licensed as the 
first commercial television stations in the United States. 
The FCC authorization provided for an upgrading in pic- 
ture definition by adopting a 5251ine standard, and fm 
for the audio portion of the telecasts (replacing a-m). 
However, the outbreak of the war in December brought 

television broadcasting to a standstill, and as critical 
materials and manpower were channeled into the war 
effort, television broadcasting ceased. 

The FCC was carefully studying spectrum allocations 
during the last few years of the war, in anticipation of 
the armistice, and in March, 1945, they announced the 
new vhf allocations above 108 MHz and below 44 MHz. 
The spectrum between 44 and 108 MHz was to be allo- 
cated later, after running fm transmission tests during 
the summer. Since the release of raw materials was not 
imminent, this didn't appear to pose any problem. How- 
ever, after VE day cutbacks and labor layoffs com- 
menced in industry and it appeared that needed raw 
materials would soon be available - on .June 27th the 
FCC announced the allocations between 44 and 108 
MHz without running their planned tests. Under the new 
plan amateurs would get 50-54 and 144-148 MHz, fm 
broadcasting would move to 88-106 MHz (106-108 
MHz was reserved for facsimile broadcasting), and tele- 
vision received channels 1 through 13. Channel 1, origi- 
nally slated for the 44-50 MHz slot, was later deleted. 

By 1948 there were 36 television stations on the air, 
70 more were under construction, an estimated one- 
million television sets were in use by the public, and 
interference problems began to appear. In September, 
1948, the FCC put a freeze on licensing any new N 
stations in order to study the frequency allocations and 
to consider the problems posed by color television (more 
about that later). This situation continued for three 
years, prolonged by the Korean War and a consequent 
shortage of critical materials. Finally, in April, 1952, the 
FCC lifted the freeze with a document that supple- 
mented the twelve existing vhf channels with 70 new uhf 

Here's how Felix the Cat looked on the screens of experimental 
black-and-white TV sets in the early 1930s. The picture was 
transmitted by RCA-NBC cameras from a studio in New Vork 
City. and was received as far away as Kansas. There, and at 
points in between, it  was picked up by  video bufts on their 
primitive 60-line viewers. (Photo courtesy RCA)  
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IMAGE 

fig. 8. Color television system of the late 1920s. Light from the 
image is concentrated by lenses on the main scanning disc, but 
reaches photocell only when the proper color filter is presented 
by the second rotating disc, which revolves faster than the scan- 
ner. Similar setup was used at the receiver. 

channels. Within a few months they had processed a 
backlog of 700 applications for new stations and had 
granted 175 new licenses. Within a year there were 377 
stations on the air, and by 1955 about 95 per cent of the 
country had television coverage. Today there are 919 
television stations (590 on vhf, 329 on uhf) throughout 
the United States and there are few places in the world 
that don't have television service. 

color television 
Although color television is generally accepted as a 

product of the past 25 years, i t  is nearly as old as tele- 
vision itself. One of the earliest proposals was patented 
in Germany in 1904, and the same Dr. Zworykin who 
invented the iconoscope filed a patent disclosure for an 
electronic color TV system in 1925. 

John Baird demonstrated the first practical color tele- 
vision system in 1928 which used a Nipkow disc with 
three spirals of  30 apertures, one spiral for each primary 
color. The light source at the receiver used two gas- 
discharge tubes: one of mercury vapor and helium for 
the green and blue colors, and a neon tube for red. 

In 1929 Herbert lves and his colleagues at Bell Labo- 
ratories transmitted 50-line color images between New 
York and Washington, DC. This was also a mechanical 
system, but one that simultaneously sent the three pri- 
mary color signals over three separate circuits. 

In 1940 both NBC and CBS gave public demonstra- 
tions of color television which used 441-line scanning. 
Numerous demonstrations were also given after the war, 
including one by RCA in 1946 in which a stereoscopic 
system was used to present a three-dimensional represen- 
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fig. 9. Transmission channel for RCA's experimental simultane- 
ous color television picture signal required 14.5-MHz bandwidth. 
Monochrome receivers were tuned to the green carrier. Detail 

capab\e of being reso\ued in a b\ue image i s  much less than in a 
green, red or white image so bandwidth of blue video signal can 
be reduced substantially without affecting the quality of the 

tation of the image. In all of these demonstrations, how- 
ever, color filter discs (or drums) rotated in synchronism 
in front of the camera tube and receiver. 

A t  the receiver the color images were presented 
sequentially (field-sequential system) so the red, green 
and blue components of the scene were viewed one after 
the other. Because of the persistance of vision the viewer 
perceived a full-color image; however, if he moved his 
head or scanned the picture rapidly, the image suffered 
from "color break-up." The rotating mechanical discs 
were also a drawback, and as black-and-white TV sets 
became widely distributed in the late 1940s, the inabil- 
ity of unmodified monochrome receivers to  reproduce a 
color program made color television broadcasting, on 
this basis, economically impractical. 

These difficulties were solved by a simultaneous 
three-channel color system introduced by RCA in 1946 
in which the three component images (red, green and 
blue) were separately transmitted and projected on a 
screen or presented on three separate CRTs which were 
viewed through a system of beam-splitting dichroic 
mirrors. RCA even developed a projection CRT for this 
purpose which they called the trinoscope. Monochrome 
receivers were simply tuned to the green channel (fig. 9). 

SYNC 

171 RECEIVER 

TRANSMISSION OF UJLOR SEPARATION PICTURES 
I B L Y K  AND WHITE)  

fig. 10. Basic system for field-sequential transmission of color 
television Images. 

However, both the field-sequential and simultaneous 
three-channel color systems required, for equal picture 
definition and freedom from flicker, much greater band- 
width than the 6-MHz channels already allocated to 
black-and-white TV. In view of the great pressure for 
frequency allocations in the vhf spectrum, it was gener- 
ally agreed that color television should be accommo- 
dated within the existing 6-MHz channels. By reducing 
both the color frequency and the number of lines, the 
fie\d-sequentia\ color system could be transmitted within 
a bandwidth, but onlv with poor reso\udon and 
increased flicker. 

color picture. 
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medium was used to transmit live images. Since 11 

Slow-scan setup used by Don Miller. W9NTP. in 1969. E q u i p  
ment was very up to date at the time. included a sampling siow- 
scan camera (left). a shuttered camera (upper right) and both 
slow- and fast-scan monitors. Don's sampling camera was one of 
the first of its type and was widely duplicated by  amateurs. 

Investigators at RCA (1949) found it was possible to 
retain full resolution, freedom from flicker, and mono- 
chrome compatibility with a simultaneous system that 
used a monochrome picture signal with a phase and 
amplitude-modulated subcarrier which carried the color 
or chroma information. The chromatic subcarrier, 
approximately 3.58 MHz above the picture carrier, was 
selected so it had no visible effect on the picture repro- 
duced by a monochrome receiver. In a color receiver the 
subcarrier was used to distribute picture brightness be- 
tween the three primary colors to produce a natural 
color rendition of the original scene. 

Nevertheless, in October, 1950, after a lengthy series 
of hearings, the FCC adopted the incompatible field- 
sequential color system as the standard for the United 
States. However, in December, 1953, the Commission 
rescinded its earlier ruling and issued a new set of specifi- 
cations which had been submitted by RCA and the 
National Television System Committee (NTSC). These 
corresponded to the compatible color system developed 
earlier by RCA - this same basic color system is still 
used throughout North and South America, Japan, 
Korea, and parts of Europe. 

slow-scan television 
No history of television would be complete without 

some mention of slow-scan television, and the important 
role that amateurs played in its development. Copthorne 
MacDonald, W4Zll (now WBORX), introduced slow-scan 
television to amateurs in a 1958 QST article1 which 
described a simple system, using a flying-spot scanner, to 
transmit photo transparencies. Initial on-the-air tests 
were conducted on 11-meter a-m between W4JP at the 
University of Kentucky and K4KYY. MacDonald also 
tried to run tests with PJ2AO in Curacao, but band con- 
ditions were too poor for satisfactory picture reception. 

The slow-scan system, which requires no more band- 
width than an audio signal, was originally conceived as a 
facsimile system and it was a number of years before the 

meters was the only high-frequency band where fac- 
simile transmission was permitted, most sstv activity 
ceased when amateurs lost 11 meters to the Citizens 
Radio Service. Eventually, however, the FCC granted 
special permission to conduct sstv tests on 10 meters 
and, later, 20 meters. The sstv standards which are used 
today were developed during these early tests. Since 
August, 1968, slow-scan television (designated 
narrow-band A5 and F5 emission) has been permitted on 
portions of all the high-frequency bands plus most of 
vhf." 

'Complete bibliographies of slow- and fast-scan television arti- 
cles which have appeared i n  OST are available from ARRL, 225 
Main Street, Newington, Connecticut 061 11. Send a stamped, 
self-addressed, business-size envelope. 
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AUDIOTRONICS CAMERAS: 

Same as PVC 808 but less viewfinder 

LIST ................................................ $375 

PVC 808 
3" Viewfinder Camera, 2/3" Vi 
(20 PE11) Fabulous Features, 
Including External Sync 
Drive Capabilities 

LIST ................................................... $550 
P V A 9 0 1  FADERISWITCHER 

Specifications: 
Camera has switchable internal random sweep or external drive connections for use with spe- 
cial effects, etc. 500 line Resolution, 10 step gray scale, ALC 2000:l with IV p-p video out- 
put, 2/3" vidicon, power requirement 120VAC 60C 6.6VA. Viewfinder has 3" diagonal screen. 

Dimensions: 
Model PVC-808 71/2I1H x 4"W x 101h"D. Wt. 9.5 Ibs. Model PVC-818 35/8"H x 3"W x 10%" 
D. Wt. 5.5 Ibs. 

#5586 - Brand new model WC-808 camera w/lens & viewfinder $399.95 
#5588 - Camera model PVC-818 less viewfinder, w/lens 16mm fl. 6 $299.95 
#5587 - Viewfinder only - requires l4VDC & Video input $1 29.95 
#5278 - Triple 3" viewfinder in panel 11% x 5% with 14V power supply $449.95 
#5592 - Switcher/Fader model PVA-901 to use with 2 of above cameras. 

solid state. Both switch & fade, super-imposed, dissolving, fade-to- 
black, internal AC power supply $249.95 

SPECIALS: 
Low Frequency Xtals #43W - 15.750KC or #4301 - 31.5KC each $12.95 
#5700 - Type 1698 Monoscope tube w/instructions $7.95 
#2043 - Focus coil for 1" vidicon (no yoke) 365 ohms $14.95 

Please enclose check with order. All above items shipped via Unlted Parcel Service transportation charges collect. 

The following is a list of our most recent flyers. Write for your free copy and have your name 
placed on our permanent mailing list at no charge. 

974N6 - Spec. Effects Generators. Sync. Gen., Tech. Handbooks, etc. 
975J1 - N cameras, Vidicons, Character Gen., Manual Zoom Lenses, etc. 
975M2 - Video monitors. Monitor/Receivers. TV cameras. 1" Video Tape. 
975J4 - Spec. Effects. Switcher/Faders. VfR's, I/, price Audio Mixers. etc. 
975J5 - Singer/GPL model 1200 Viewfinder camera compl/with MPlOO Studio Console package. 
975S7 - N cameras, VTR's. Audio mixers. tripods, tech. books, etc. 
975N8 - Color VTR's. cameras. etc. 

Catalog 97381 - 256 pages of Video Equipment Bargains - $1.00 

DENSON ELECTRONIC CORP. 
PO Box 85, Longview St. 2031875-5198 Rockville, Conn. 06066 
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the 1979 

World Administrative Radio Conference 
remember the disparaging remarks about the "Donald and what it 1 Duckers," and when SSB was known as SSSC?) 

I Well, if numbers aren't the answer. then what is? 

means to you 1 Simple, and like many other things, money included, it 's 
not how much you have, but what you do with what 

What, me worry? Yes, you worry - about an increasing- 
ly important four-letter word - WARC. 

What's a WARC? A WARC i s  a World Administrative 
Radio Conference - a gathering of all the ITU member 
nations to examine and decide upon basic questions of 
mutual interest. The first WARC was in Berlin in 1903, 
the most recent in 1959, and the next has been 
scheduled for sometime in the second half of 1979, in 
Geneva, Switzerland. 

Okay, that's a WARC - so what? The "What" of the 
WARC is  what i s  going to be discussed in 1979 --- 
namely, frequency allocation, or perhaps more properly, 
re-allocation, that's "what." 

On an international basis the radio spectrum from 10 
kHz to 47 GHz has already been allocated. There are no 
unallocated segments of the spectrum within those 
limits. Therefore, if some user of that part of the 
spectrum needs additional frequencies, it must come 
from someone else's present allocation (ah - the light 
dawns!). Yes, even from the hitherto sacrosanct domain 
of the amateur bands if the justification for such a 
request is strong enough. And there is the secret word - 
justification! Say i t  correctly, and the duck will bring 
you 200 kHz (sorry, Groucho). 

Seriously, though, justification is not the numbers 
game - just the number of licensees alone in a given 
radio service will not be adequate justification for 
getting new frequencies, much less keeping those already 
allocated. Sure, the Amateur Radio Service has grown 
from 46,000 in 1934, to 185,000 in 1959, to 275,000 
today, with basically the same allocated spectrum - give 
or take a hundred kHz. Crowded? Sure. QRM -- you 
bet! But can you imagine what it would be like if we still 
used only double-sideband-with carrier? Absolute chaos! 

The Amateur Radio Service responded to increased 
band crowding in i t s  historical manner -- ingenious 
adaptations of, and subsequent improvements upon, 
commercial techniques to relieve congestion. (Sounds 
like a nasal spray commercial but it sure worked .- 

I you have. How does Amateur Radio use its allocated 
spectrum? I s  it being used wisely for the benefit of the 
public at large and in keeping with the Service's Basis 
and Purpose as outlined in Part 97.1 of the FCC Rocks 

/ and Shoals? Or, is  i t  being used for the personal 
amusement and satisfaction of a miniscule percentage of 
the U.S. citizenry? What are the trends in the Amateur 
Radio Service? Where will i t  be in the year 2000? How 
will, or can, WARC influence this? 

These and similar questions, plus those dealing with the 
Amateur frequency needs now and up to the year 2000, 
are being discussed by members of eight task forces set 
up by the FCC in what's called the "Amateur Working 
Group." This group, numbering about forty, has been 
given the job of developing recommendations for the 
United States Amateur Radio Service position in the 
next WARC - including the justifications needed to 
keep the frequencies i t  presently has, plus - maybe - 
getting some new ones. There's plenty of time 'till 1979, 
right? Wrong! 

The lead-time of a bureaucratic, international opera- 
tion like a WARC boggles the mind! What with the need 
to coordinate, review, correlate, adjust, modify, etc., 
both within the FCC and between various parts of our 
government, coordinate unofficially with other ITU 
member governments, and so forth, it's not surprising 
that the preliminary Amateur Radio Service frequency 
allocation request has to be in the FCC's hands by the 
time you read this! And there are only a few more 
months in which to come up with the most persuasive 
justification possible for the continuation of the Ama- 
teur Radio Service as we now know it, and would like it 
to be. This "Amateur Radio Service position paper," as 
i t  is being called, has to be submitted to the FCC for its 
consideration no later than June of this year - this year, 
not 1979! 

In the meantime, if you're now concerned, re-read 
Stu Cowan's excellent article in the April, 1965, issue of 
QST. * 

What, me worry . . . you bet! 

*Stuart D. Cowan, WIRST, "The Death - or Survival - of By Pete Hoover, WGAPW, 1520 Circle Drive, Sari 
Amateur Radio, "QST, April, 1965, page 80. Marino, California 91 108 
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Learn to service CB equipment 
and get your FCC license with NR15 
~omblefe Communications Course. 

w 

Career opportunities are opening up fast 
for the man trained in communications. 

are selling faster than the manu- 
facturers can turn them out. _ . 
That means countless career 
jobs in CB design, installations 
and maintenance. Start training 7 
now, at home, to qualify for one 
of those openings . . . - 1 
the professional 
NRI way. I- 

Get your own 5()0,-(- : - 8 \ complete training in 
Channel digitally- rofessional commer- 
synthesized VHF ial communications; 
Transceiver. you get "hands-on" 

experience that 
The NRI Com~lete nuts vour course 

Communications 
Course teaches you to 
service and/or adjust two-way 
radio including CB equipment, 
using your own digitally-synthe- 
sized 500 Channel VHF Trans- 
ceiver and AC power supply. 
Mounted in your car or used 

t he06 intd pactice. 
The complete program includes 

10 training kits (with your am 
Dscovey Electronics Lab) a new 
Antenna Applications Lab, and 
an Optical transmissions system. 
48 lesson texts, CMOS digital 
frequency counter, and a N O M  

A wide choice of careers 
for trained men. 

The NRI Complete Communica- 
tions Course covers AM and FM 
Transmission Systems, Radar 
Principles, Marine Electronics, 
Mobile Communications, Aircraft 
Electronics and digital electronics 
including frequency synthesizers. 
You will qualify for a first-class 
radio telephone FCC License or 
you get your money back. 

Over a million men 
have trained the NRI way. 

Send for the free NRI catalog 
and discover why more than a 
million men have chosen the NRI 
w y .  Read about the "bite-size" 
lessons, self-pacing, and "power- 
on" training. 

There's no obligation and no 
salesman will call. 

If coupon is missinq write to: 
NRI Schools, 
McGraw- Hill 
Continuing 
Education 
Center, 3939 
Wscon sin 
Avenue, 
k h i n g t o n ,  
D.C. 20016. 

1111111I111111I1111II1II 

Rush the free catalog of rnv cholce Iselect onlv 1 
( onr please) No \alesman w ~ l l  call 9-026 1 

Commun~cot~ons with CB N Audfo Servlclng 
( Complete Commun~co Choose from 5 courser McGrow ti111 Continuing E d u c d m  Cenler 

hens Electron~cs FCC Appl~once Scrvlclng 
3039 W~sconsln Avenue 
Woshlnplon D C 20Ol6 

I 
L~censes A~rcral l  Homeowner 8 Pro 
Elec~ronlcr . Mobtle l~rstonol Repoors 
Cornmun~col~ons . Avlomollve Mechonlcs 

I 
APP90VED FOR CAREER STUDY UNDER GI  Rll l  1 Mortne Elecfronlcs Moster Autorno~tve C ~ C C  L In1 de108Is 

Amofeur Rodno Techntclon . Tune Up 
I 

( Bostc and Advoncrd and B o s ~  Repovrs 
Courses Auto Aor Cond~tlonon~ Aqp - 

iPleosr Pr rill 
I 

I lndustr~ol 8 Bus~ness Aqr Condot~onnng 8 
Eleclton~cs Refr rgerotlon 
Dtgnfal Computer Bosnc All Condlttontng S"*' - --- - 

I 
1 Electron~cs . Elec Servfcmg Mo%ter 

tronlc Technology Course tn Air Condl 
I 

1 B o s ~  Electron~cs . tlonong Refrogerotoon C 1 "  Stole Z n -- 
Moth for Eleclron~cs 8 Heotanq Accfrd8~rr l  Meml,rr Not~onol H < , m r  Srudv Courrctl 

I 
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What is a microcomputer 
inputloutput device? 

In the discussion of the anatomy of a microcomputer 
last month, we described the various data paths in a 
microcomputer, including data input, data output, exter- 
nal device addressing, in and out function pulses, and 
interrupt signals. These are the vital lines of communica- 
tion between the microcomputer and the "outside 
world," i.e., those signal lines that are necessary to inter- 
face the microprocessing unit (MPU) to the input/ 
output, or I/O devices that you would like to control. 

What, exactly, is an 1/0 device? Some useful defini- 
tions include the following: 

input/output General term for the equipment used to 
communicate with a computer and the 
data involved in the comm~nicat ion.~ 

110 Abbreviation for i npu t - ou tp~ t . ~  

I/O device Input/output device. Any digital device, 
including a single integrated-circuit, that 
transmits data to or receives data or strobe 
pulses from a computer. The in and out 
functions are always referenced to the 
c ~ m p u t e r . ~  

The traditional view of an I/O device is that i t  is some- 
what large or complex. Card readers, magnetic tape 
units, CRT displays, and teleprinters certainly f i t  such a 

description. However, a single integrated-circuit chip, 
such as a latch, shift register, counter, or small memory 
can also be considered to be an 110 device to a 
computer. 

Another important point is that several device-select 
pulses may be required to interface a single I/O device. 
For example, a 74198 shift register has a pair of control 
inputs that determine whether the register shifts left, 
shifts right, or parallel loads eight bits of data. This chip 
also has a clock input and a clear input. Thus, a single 
74198 chip, when serving as an output device, may re- 
quire up to four device-select lines from the micro- 
computer. Therefore, the fact that we can generate 256 
different input and 256 different output device select 
pulses does not necessarily mean that we can address 
512 different "devices." A more reasonable number is of 
the order of 50 to  100 different devices. 

Device-select pulses are inexpensive and easy to 
implement. We encourage you to use them as often as 
possible as you attempt to substitute computer software, 
(microcomputer programs) for integrated-circuit chip 
hardware. We shall repeat this theme often: software vs 
hardware. There is a tradeoff between the two, but your 
main objective in using microcomputers will usually be 
to substitute software for hardware. When you do so, 
the only penalty that you may pay is time because i t  
takes time to execute computer instructions. If you can 
accept the delays inherent in computer programs, then 
you can vastly simplify the circuitry required to accom- 
plish a specific interfacing task. 

By Peter R. Rony, David G. Larsen, WB4HYJ, and 
Johathan A. Titus. 

Mr. Larsen, Department of Chemistry, and Dr. Rony, Department of 
Chemical Engineering, are with the Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia. Mr. Jonathan Titus is President 
of Tychon, Inc., Blacksburg, Virginia. 
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what is interfacing? 
Interfacing can be defined as the joining of members 

of a group (such as people, instruments, etc.) in such a 
way that they are able to function in a compatible and 
coordinated fashion.. By "compatible and coordinated 
fashion," we usually mean synchronized. Some impor- 
tant definitions include the following: 

Synchronous In step or in phase, as applied to two 
devices or machines. A term applied to 
a computer in which the performance 
of a sequence of operations is  control- 
led by equally spaced clock signals or 
 pulse^.^ At the same time. 

Synchronous A digital computer in which all ordi- 
computer nary operations are controlled by 

equally spaced signals from a master 
clock.2 

Synchronous Operation of a system under the con- 
operation trol of clock  pulse^.^ 

To synchronize To lock one element of a system into 
step with an~ the r .~  

Synchronization Pulses originated by the transmitting 
pulses equipment and introduced into the 

receiving equipment to keep the equip 
ment at both locations operating in 
step.2 

We can thus define computer interfacing as "The 
synchronization of digital data transmission between a 
computer and one or more external input/output 
devi~es."~ 

Although the details of computer interfacing vary 
with the type of computer employed, the general prin- 
ciples of interfacing apply to a wide variety of com- 
puters. Such principles include the following: 

The digital data that are transmitted between a 
computer and an I10 device are either individual 
clock pulses or else full data words. 

The computer and the input/output device are 
both clocked devices. At the very least the I10 
device has a single flip-flop that i s  set or reset by 
the computer. All data transmission operations are 
synchronized to the internal clock of the 
computer. 

The computer sends synchronization pulses, called 
device-select pulses, to the I10 device. These pulses 

'Charles L. Garfinkel of Keithley Instruments, Inc. is the origi- 
nator of this definition. 

Reprinted with permission from American Laboratory, 
October. 1975; copyright O International Scientific Com- 
munications, Inc., Fairfield, Connecticut, 1975. 

, 

are generated by the computer program i.e., they 
are software generated, and are usually quite short 
(for an 8080 microcomputer operating at 2 MHz, 
they last only 500 nsec). They synchronize and 
select at the same instant of time. 

Individual device-select pulses are sent to individ- 
ual input or output devices. This is called external 
device addressing. The pulses are used for latching 
data output and strobing data input. 

Computer program operation can be interrupted 
by the transmission of a clock pulse from an I/O 
device to a special input line to the computer. This 
is called interrupt generation. Upon being inter- 
rupted by an external 110 device, the computer 
goes to a computer subroutine that responds to, or 
services, the interrupt. 

Full data words can be output from, or input into, the 
accumulator register. For the 8080 microcomputer, a 
full data word contains eight bits. Output data from the 
accumulator is available for only a very short period of 
time, and usually must be latched. Input data into the 
accumulator is acquired over a very short period of time, 
and usually must be strobed into the accumulator. 

INTERRUPT SIGNAL 
FROM INPUT OR 

OUTPUT DEVICES 

256 D IFFERENT 
DEVICE-SELECT* '??' 1 1 '%? - ~ ~ ~ l ~ ~ ~ %  

PULSES T O  PULSES T O  
INPUT  DEVICES OUTPUT DEVICES 

fig. 1. The I/O and control data paths in an 8080 microcomputer. 

As shown in fig. 1, which summarizes the above com- 
ments, interfacing basically consists of the synchroniza- 
tion of parallel input or output data via the use of the 
51 2 device-select pulses. 

Hardware is  required to t i e  the MPU to the external 
device and is just as important as the microcomputer 
software. We shall tackle both of these facets of micro- 
computer interfacing in detail in subsequent columns. In 
the next column we will discuss the output instruction 
for the 8080 microprocessor chip, which has a t  least four 
sources of supply. This is more than for any other MPU. 
I t  i s  clear that the 8080 MPU is destined to become a 
widely used microprocessor. 

references 
1. Microdata Corporation, Microprogramming Handbook, Santa 
Ana, California, 1971. 
2. Rudolf F. Graf, Modern Dictionary of Electronics, Howard 
W .  Sams & Company, Inc., Indianapolis, 1972. 
3. Peter Rony and David Larsen, Bugbook 111. Microcomputer 
Interfacing, Experiments using the Mark 80, an 8080 System 
E&L Instruments. Derby. Connecticut. 1975. ($14.95 from Ham 
Radio Books, Greenville, New Hampshire 03048.) 
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DIGITAL DATA RECORDER 
for 

Computer or Teletype Use 
Up to 4800 Baud 

Uses the industry standard tape saturation method to  beat all FSK systems ten t o  one. 
No  modems or  FSK decoders required. Loads 8K of memory i n  17 seconds. This recorder 
enables you to  back up  your computer by loading and dumping programs and data fast as 

you go, thus enabling you t o  
get by with less memory. Great 
for small business bookkeep- 
ing. Imagine! A year's books 
on  one cassette. 

Thousands are in use i n  col- 
leges and businesses all over 
the country. This new version 
is ideal for instructional, am- 
ateur, hobby and small busi- 

ness use. Ideal for use by servicemen t o  load test pro- 
grams. Comes complete with prerecorded 8080 software pro- 

gram used t o  test the units as they are produced. (Monitor) 
SPECIFICATIONS: 

A. Recording Mode: Tape saturation binary. F. Compatability: Will interface any computer 
This i s  not an FSK or Home type recorder. using a UART or PIA board. (Altair, Sphere, 
No voice caoabilitv. No modem. 3" oer sec. M6800 etc.) - - -  

B. Two channils (1) ' ~ lock ,  (2) Data. b r  two 
data channels providing four (4) tracks on 
the cassette. Can also be used for NRZ, 
Bi-Phase, etc. 

C. Inputs: Two (2). Will accept TTY, TTL or 
RS 232 digital. 

D. Out~uts: Two (2). Board changeable from 

G. Other Data: 110/220 V, 50/60 Hz; 2 Watts 
total; UL listed g955D; three wire line cord; 
on/off switch; audio, meter and light oper- 
ation monitors. Remote control of motor 
optional. Four foot, seven conductor rernot- 
ing cable provided. 

TTY,' RS232 or TTL digital. 
- 

H. Warrantee: 90 days. All units tested at 110 
E. Erase: Erases while recording one track at and 4800 baud before shipment. Test cas- 

a time. Record new data on one track and sette with 8080 software program included. 
preserve three or record on two and pre- This cassette was recorded and played back 
serve two. during quality control. 

COMING NEXT MONTH - IN KIT FORM 
* Hexadecimal Keyboard - Load programs board for use with your own deck (cassette 

direct from keyboards' 16 keys and verifying or reel to reel). Go to 9600 baud on reel 
display. Does not use Computer I/O. to reel. Digital in, digital out, serial format. 
I10 for use with Computer Aid or other Interested in these? Send your name and 
digital recorders. Variable baud rate select- address for brochure when released. 
able on externally located unit by one knob. 
Can load computer or accept dumps with- 

(EDUCASSETTE is  our registered TradeMark) 

out software. Turnkey Operation. For any Fill out form and send check or money order to: 
8 bit cornouter. NATIONAL MULTIPLEX CORPORATION .. . - -  

* ~eco rd /~ la '~back  Amplifier 3474 Rand Avenue, Box 288 
Expanded version of our Computer Aid South Plainfield, New Jersey 07080 

a $l:oo I *  New Products. No Charge 

I- NATIONAL MULTIPLEX CORPORATION 
3474 Rand Avenue, Box 288 Z 
South Plainfield, New Jersey 07080 

Data Recorder 68 $149.95 

Operating 81 Technical 
Manual (Schematics) 
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For a limited time only, you can own an ~ltair" 
8800 Computer kit with 4,696 words of memory, 
new Altair multi-port interface, and revolutionary 
Altair BASIC language software, for just $695. A 
savings of up to $114!* 

Computer. Thr Altair 8800 is the best-srlling grnrral-purpost. 
computer in t h r  world toclay. I t  is a parallel 8-hit word/lh-hit 
address computer with an instruction cycle timi, of 2 micro- 
secontls. I t  was dc,signed for almost unlimite~cl ptxripheral ancl 
memory expansion, using a bus system where all input/output 
connections mtarge into a common line. The Altair 8800 is capa1)le 
of addrtlssing up  to 65.536 words (bvtes) of memory. Krgtrlarlv 
priced at $4.3'1 for a k i t  and $627 as,en?hlerl. 

Memory. Thr Altair 4K Memory Board provides 4,090 words 
of  dynamic random-access-memory for the Altair 8800. Contains 
memory protect circuitry. and address selection circuitry for any 
one o i  l h  starting address locations in  incrc,rnents of 4K. i\cct~ss 
t ime is 200-300 nanoseconds. The entire 4,OC)b words of memory 
on thc board can h r  protectrt l by switching t o  PROTECT Krgu- 
larlv p r i c c ~ i  at 81YC; ior  k i t  and 527.5 a \ c ,n~ l~ l rd .  

Interface. Your choice-either the nt1t2, Altair 88-2510 c>r id l  
intcvi,?crl or tht, new Allair 88-4PIO parallel intt~riact,. Tlit, serial 
intcvi,acc can be ortlc*rt,d with t,ithcr onc or two ports ,and the) 
parallel inttvfacca can be ordertd with up  to  four ports. /\tic/ 52.1 
tor an additional 88-2510 \,art kit. Add $30 for r a r h  adtlitronal 
88-41'10 port krt. 

tach port o t  the ne14 \e-rral ~nttvfact. board Ir u5c.r-ct~lt~ctahlr 
for RS21.2, TTL or 20 m~ l l l amp  current loop (Teletype) Thr 
88-2510 w ~ t h  two port5 can ~ntc>rtact> two serial I /O d(-vlctlc. 
t,ac h runnlng at a tl~ffert.nt baud rate and each us~ng  a d~tttvcxnt 
r l r c t r ~ c ~ i l  ~nt r rconnrc t  For example, the 88-2510 could I](. Inttv- 
faced to  an RS.232 CKT term~nal runnlng at 9600 baud and a 
Ttxlt*typt, running at 110 baud An on-board, crbstal-controlled 
clock allows each port t o  he set tor ont3 of 12 baud r a t ~ s  The 
88-2510 15 rc,g~~larl\ prrccd at 5/15 krt and $744 a\<c.n~/)/(,tl 

Each port of tht. new paral l t~l  interiace hoard provides 16 data 
lines and four controllable. inttarrupt lint-s. E x h  o i  thv datci 1inc.s 
can hr used as an input or output so that a singlc. port can inter- 
tact. a ttvminal rtquiring 8 lines in and 8 line,~ out. All datci l inrs 
arc, TTL compatihlr. The 88-41'10 regularly \ell\ tor 586 Lit ant1 
$112 ar\c.n~hled. 

Software. Altair 4K BASIC leaves approximately 725 hytrs in 
a 4K Altair for programming which can Ile increased by tft.lt,ting 
the math functions (SIN, SQR. RND). This powerful 13ASIC has 

16 statenitlnts (IF . . . THEN, COTO. COSUR, RETURN. FOR, 
NCXT. READ, INPUT, CND, DATA, LET, DIM. REM, RESTORE, 
PRINT, and STOP) in  addition to  3 commands (LIST, RUN, 
CLEAR, NEW) and 6 functions (RND, SQR. SIN, ABS, INT, TAB, 
and SGN). Other featurrs inclutlt.: direct execution of any state- 
ment rxcept INPUT: an "@"  symbol that t lr lc~tc~s a wholc line 
and a "+" that deletes t h t ~  last charactt~r; two-rhi~racttv error 
cotlcxand lint* numhtv printed whcm cwor occurs; Control C which 
is ustd to interrupt a program; maximum line number of b5,529; 
and all rc.sults calculated to  srvrn  dt.rimiil digits of precision. 
Altair 4K /<ASIC i s  rc.gtrlarly priced at $60 for purchasers of  an 
Altair 8800, 4K oi Al,tair n~c,n~ory, and an Allair I / O  hoard. Please 
\pt>ciiv paper tnpc. or ca \wt tc  tape ~,hc,n ordering. 

*Savings depends upon which interface board you choose. 
An Altair 4K BASIC language system kit with an 88-2S10 interface 
regularly sells for $809. With an 88-4PlO interface, this system 
sells for 5780. 

NOTE: Offer expires on March 30, 1976. 

"Creative Elcctron~cs" 

MITS/6328 Linn N.E., Albuquerque, N M  87108 505/265-7553 or 262-1951 
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horizontal-antenna gain 
selected 
vertical 

radiation angles 

Graphical aids 
for choosing 

antenna height 
to optimize 

near- or 
far-field gain 

In a previous article, I gave the gain for certain vertical- 
plane radiation angles for horizontal antennas at certain 
antenna heights.' Since then I've had requests for data 
on what height to use for optimizing gain at a certain 
radiation angle. Suppose you'd like to work DX on 20 
meters and your beam is on a 40-foot (12m) tower. You 
may find in this case that you hear stations about 900 
miles (1440km) away much louder than the DX stations, 
which are perhaps over 2000 miles (3200km) away. 
Would it help, and if so, how much, to use a higher 
tower? The answer to these questions are in this article. 
The data is useful in selecting heights for horizontal 
dipoles for 40 and 80 meters as well as tower heights for 
beams at 10, 15 and 20 meters. Most of this article and 
examples, however, cover the latter case. 

antenna height for several radiation angles 
The answers to the question of what height to use to 

optimize gain at certain radiation angles is  given in fig. 1, 
in which relative antenna gain is  on the vertical scale and 
antenna height in wavelengths is  on the horizontal scale. 
Curves are given for several radiation angles, a. Refer- 
ence gain is 1.0 (the gain of a half-wave antenna in free 
space for all radiation angles). This is just a convenience, 
as all the gains are relative. If an antenna i s  higher than a 
half-wavelength, multiple lobes occur in the vertical 
plane; this data i s  shown in detail in the ARR L Antenna 

Handb~ok.~  Similar data is also shown in fig. 1 espe- 
cially for a = 30°, which shows peaks near h A  = 0.5 and 
1.5, with nulls at h h  = 1.0 and 2.0. 

Fig. 1 shows that for a = 5O, the higher the tower the 
better, as the peak in the gain curve doesn't occur until 
the antenna height i s  almost three wavelengths (hfi = 
3.0). As a convenience table 1 is included, which gives 
h h  for tower height for the lo-, 15- and 20-meter 
bands. Thus, only at 10 meters with a 100-foot (30m) 
tower is hfA = 3.0, where maximum gain is achieved a t  a 
= 5'. Table 2 shows the relationship between radiation 
angle, a, and distance for F2-layer one-hop signals. Fig. 
1 also shows that for radiation straight up (a = go0), a 
very low antenna ( h h  = 0.1) is sufficieht; for a = lo0, an 
h A  = 1.2 is  best; and for a = 15", a first plateau in gain 
i s  reached at h h  = 0.6, with maximum gain at h h  = 1 .l. 

n/A 

fig. 1. Horizontal-antenna gain as a function of height, h/h, for 
several vertical-plane radiation angles, a 

The graph would become pretty messy if more CY 

values were plotted. (I have data for other a values, which 
I'd be happy to send on request.) The curves shown should 
cover most situations since there's not as much need to 
optimize antennas for vertical-plane radiation angles 
above 15" or for distances less than 1200 miles (1920 
km) as there is for DX work. 

other examples 
I t ' s  also useful to plot gain versus tower height, either 

- 
By Robert E. Leo, W7LR, Electronics Research 
Laboratory, Montana State University. 
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TOWER HEIGHT (METERS) 

TOWER HEIGHT (FEET)  

fig. 2. Horizontal-antenna gain as a function of height for the 
lo-. IS-, and 20.meter bands, a = 5'. 

for one radiation angle or for one band (figs. 2 and 3). 
Fig. 2 shows that for a = 5" (2000 mile or 3200 km 
one-hop F2-layer DX), the higher the tower the better 
for all three bands (10, 15 and 20). Now consider fig. 3. 

table 1. Horizontal-antenna height in terms of wavelength for the 
10, 15 and 20-meter bands. 

height height, wavelengths 
feet (meters) 10  15 20 

10 (3) 0.3 0.20 0.15 
2 0  (6) 0.6 0.40 0.30 
30 (9) 1.0 0.6 0.45 
4 0  (12) 1.2 0.8 0.60 
50 (15) 1.5 1.0 0.75 
6 0  (18) 1.8 1.2 0.9 
70 (21) 2.1 1.4 1.1 
80 (24) 2.4 1.6 1.2 
90 (27) 2.7 1.8 1.4 

100 (30) 3.0 2.0 1.5 

I f  you have a 40-foot (12m) tower, the gain for DX 
signals (a = 5") i s  about 0.75, while for signals 900 miles 
(1440 km) away (a = 25"), the gain is 2.25. This ratio is 
0.7512.25 or 3 to 1 against you. This i s  why those W9s 
sound so loud and the OX so weak! 

I f  you had an 80-foot (24m) tower, the DXIW9 ratio 
a t  a = 5", say, would be 1.2610.16 = 7.88, which is a lot 
better (24 times better) than with the 40-foot (12m) 
tower. The whole business is, however, not too simple as 
even a t  80 feet (24m), the gain for 1200-1500-mile 

table 2. Vertical-plane radiation angle for horizontal antennas for 
various distances using F 2  layer, one-hop propagation. 

radiation angle, a distance 
(degrees) miles (kilometers) 

2 2600 (4160) 
5 2000 (3200) 

10 1500 (2400) 
15 1200 (1920) 
2 0 1000 (1600) 
25 900 (1440) 

( 1  920-2400 km) (a = 15" to 10") signals is much greater 
than for 2000-mile, (3200 km) distant DX signals; and if 
you go to a 100-foot (30m) tower, the 900-mile 
(1440 km) signals are strong and the 1000-mile (1600 
km) signals weak! Data is given in table 3 so that you can 
plot graphs similar to figs. 2 and 3 for other angles or 
other bands. 

table 3. Horizontal-antenna gain, height and vertical-plane radia- 
tion angle for the lo- .  15- and 20-meter bands. 

40-foot (12mj tower 80-foot (24ml tower 

a G l 0  G15 '320 G10 G15 '320 

5 1.22 0.80 0.72 1.85 1.6 1.22 
10 2.0 1.45 1.36 0.96 2.0 2.0 
15 1.9 1.83 1.86 1.32 1.05 1.9 
20 1.11 1.88 2.15 1.75 0.65 1.11 
25 0.13 1.62 2.25 0.10 1.90 0.13 

60-foot (18m) tower 100-foot 130m) tower 

a G10 G15 G20 G10 G15 G20 

5 1.65 1.22 0.88 1.98 1.78 1.45 
10 1.80 2.0 1.57 0.26 1.64 1.98 
15 0.40 1.9 1.86 1.97 0.21 1.29 
20 1.28 1.11 1.74 0.34 1.84 0.16 
25 1.95 0.13 1.28 1.96 1.66 1.49 

While there's no simple answer of what tower height 
to use, it 's evident that one at 80 feet (24m) i s  much 
more desirable than one at 40 feet (12m) for 20-meter 
operation to  improve the DXIW9 signal ratio. Graphs 
such as that in fig. 3 for 10 and 15 meters are even more 
complex, so practical and economic factors may dictate 
which height to use. 

TOWER HEIGHT (METERS) 

TOWER HEIGHT (FEET) 

fig. 3. Horizontal.antenna gain as a function of height for the 
20-meter band. or = 5. 10. 15. 20. and 25 degrees. 
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13th edition, 1975, pp. 55-56. 
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So much for only $629! 

Kenwood's TS-520 is a solidly built. 
superbly designed SSB transceiver 
that has literally taken the amateur 
world by storm. The value of its fea- 
tures and specifications are obvious. 
Less obvious, but just a s  important, is 
the kind of quality that Kenwood 
builds in. Hundreds of testimonials, in 
writing and on the air, attest to its 
performance and dependability. You 
probably have heard some of the 
same glowing praise. 
The TS-520 operates SSB and CW on 
80 through 10 meters and features 
built-in AC and l2VDC power supply. 
VOX, RIT, noise blanker, 2-position 
ALC. and double split frequency con- 

trolled operation are only some of its 
fine features. 
Kenwood offers accessories guarcm- 
teed to add to the pleasure of owning 
the TS-520. The TV-502 transverter 
puts you on 2-meters the easy way. 
(It's completely compatible with the 
TS-520.) Simply plug it in and you're 
on the air. Two more units designed 
to match the TS-520 are the VFO-520 
external VFO and the model SP-520 
external speaker. All with Kenwood 
quality built in. 

Available at select Kenwood dealers throughout the U.S. 
Kenwmd. . . p&~'...dh-r in aniakur radio 

TRIO-KENWOOD @ COMMUNICATIONS IN=. 
116 East Alondra / Gardena, California 90248 

TRANSMlTTlNGlRECElVlNG FREQUENCF 
144 145 7 MHz. 145 0 146 0 MHz (option). 

INPU;;:/UOUTPUT IF FREQUENCY. 28 0 29.7 

TYPE'OGMISSION SSB (A3J). CW (AI) 
RATED OUTPUT 8W (AC operation) 
ANTENNA INPUTIOUTPUT IMPEDANCE 50R 
UNWANTED RADIATION Less than -60 dB 
RECEIVING SENSITIVITY More than IpV at 

SIN 10 dR 
I M A G ~  ~ G 6 ~ o r e  than 60  dB 
IF REJECTION More than 60 dB 
FREQUENCY STABILITY Less than 2 2  5 kHz 

durlng 1 6 0  rnln after power switch Is ON 
and w ~ t h ~ n  150 Hz (per 30 rn~n)  thereafter 

POWER CONSUMPTION AC 2201120V Trans 
rnlsslon 50W max . Recepl~on 12W max 

DC 13 8V. Trans 
mosston 2A rnax Recept~on 0 4A rnax 

POWER REQUIREMENT AC 2201120V DC 12 
16V (standard voltage 13 8V) 

SEMI CONDUCTOR FET 5 Trans~stor 15 
D~ode I 0  

DIMENSIONS 6%" W x 6" H x 13%" D 
WEIGHT 11 5 Ibs 
SUGGESTED PRICE $249 00 

CW.520 
500 Hz CW Crystal F~lter $45 00 

Prlces subject to change without notoce 



TRANSMITIRECEIVE FREQUENCY RANGE 
144 148 MHz i MODE SSB FM CW,AM 

RF OUTPUT: CW. FM: more than 10W output 
AM: more than 3W output. SSB. more 

KENWOOD'S TS-700A finally fulfills the promise 
of 2-meters.. . more channels, more versatility, 
tunable VFO, SSB-CW and, best of all, the type 
of quality that has placed the Kenwood name 
out front 

Operates all modes: SSB (upper & lower), 
FM, AM, and CW 

Completely solid state circuitry provides 
stable, long lasting, trouble-free operation 

AC and DC capability. Can operate from 
your car, boat, or as a base station through 
its built-in power supply 

4 MHz band coverage (144 to 148 MHz) 
instead of the usual 2 

Automatically switches transmit frequency 
600 KHz for reDeater o~eration. Just dial in 

Zero center discriminator meter 
Transmit/Receive cabability on 4 4  channels 

with 11 crystals 
Complete with microphone and built-in 

speaker 
The TS-700A has been thoroughly field- 

tested. Thousands of units are in operation 
throughout Japan and Europe 
The TS-700A is available at select Kenwood 
dealers throughout the U.S. For the name of 
your nearest dealer, please write. 

H t r t n l t n  tntyutnLr anlr I w n v ~ n .  
600 kHz 

TONE BURST TIME: 0.5 1.0 sec. 
MODULATION: Balanced modulation for SSB. 

Var~able reactance frequency shlft for FM. 
Low wwer modulat~on tor AM. 

MICROPH~NE Dynarnlc rnlcrophone. 50012 
AUDIO FREOUENCY RESPONSE 400 2600 HZ. 

w ~ t h ~ n  19 db 
RECEIVING SYSTEM: SSB. CW. AM: Single- 

superhelerodyne. FM: Double. 
superheterodyne. 

INTERMEDIATE FREQUENCY: SSB. CW. AM: 
10 7 MHz FM 1st IF . .10 7 MHz. 2nd IF: 

455 kHz 
RECEIVING SENSITIVITY SSB. CW SIN = 10 

dB or better at 0 25pV 20 dB nolse 
qulellnR = Less than 0 4pV AM SIN = 
10 dB or better at lrtV 

IMAGE RATIO Better than 60 dB 
IF REJECTION Better than 60dB 
PASS BANDWIDTH SSB CW AM More than 
2 4 kHz at -6 dB FM More than 12 kHz at 

-6 dB 
RECEIVER SELECTIVITY SSB CW AM Less 

than 4 8 kHz at -60 dB FM Less than 
24 kHz at -60 dB 

SOUELCH SENSITIVITY 0 25r1V 
AUDIO OUTPUT More than 2Wat 811 load 

(106 d~stortlon) 
I RECEIVER LOAD IMPEDANCE 8 R  

FREQUENCY STABILITY W~thln % 2  kHz durlng 
one hour after one mlnute of warm up. 
and w~thln 150 Hz dur~ng any 30  mlnute 
perlod thereafter. 1 POWER CONSUMPTION: Transmit mode: 9 5 1  
IAC 1?01??0vl. 4A (DC 13.8V). max. 

crystal into one of the 11 crystal positions for 
your favorite channel 

TRIO-KENWOOD 
Outstanding frequency stability provided 

@ COMMUNICATIONS INC. 
through the use of FET-VFO 116 East Alondra / Gardena, California90248 

- - -  
your receive fr&uency i n d  the rad~o does 

Armllablm at u l u t  Kmwood d..lm thmughoul (ha U.S. 
the rest. . . Simplex repeater reverse 

Or do the same thing by pluggtng a single 
Kenwoud. . . p&&fc~ iin U I U ~ C U ~  ra30 

WEIGHT 11 kg 
SUGGESTED PRICE: $700 00  

, - - -  - 
Recelve mode (no signal) 4 5 ~  (AC 1201 
220V) 0 8A (DC 13 8V) 

POWER REQUIREMENTS AC 1201220~. 
50160 Hz DC 12 16V (13 8V as reference) 

DIMENSIONS 278 (W) x 124 (H) x 320 (D) mrn 

Prvces subject to change wtthout notlce 



the UARlT 
and how it works 

Versatility plus 
on a 40-pin 

TTL-compatible chip - 
useful for many 

data transmission 
and receiving 

applications 

One of the largest LSI devices found in recent construc- 
tion projects and commercial data communications 
equipment i s  the UARrT or universal asynchronous 
receiverltransmitter. I t  is also one of the most interesting 
and versatile chips now available, yet very few people 
understand its operation. The UARIT receives and trans- 
mits digital information. It acts as a pair of shift regis- 
ters, the transmitter converting parallel input data to 
serial output data and the receiver converting serial data 
bits back to  a parallel word. We could easily use an 
SN74165 as the transmitter (parallel-to-serial) and an 
SN74164 as the receiver (serial-to-parallel). Data present 
at the SN74165 is  serialized and transmitted to the 
SN74164 where i t  is reconstructed again in parallel 
form. 

You could actually perform this experiment, but you 
would quickly find that a common clock is needed for 
both shift registers, and the receiver must be synchron- 
ized to receive the data as you start to transmit it. I f  a 
large number of digital words are being sent between the 
shift registers, you must have some way to distinguish the 
end of one word and the start of the next. This requires 
a great deal of extra synchronizing logic and control 
lines between the two shift registers. 

You probably know that some tricks are used in data 
communication between terminals and computers, since 
the data generally flows over one or two pairs of wires 
and no additional connections are available for clocks or 
logic control. One of the tricks, using the UARIT, is t o  
start each data word, generally eight binary bits long, 
with a START bit and to  end each data word with two 
STOP bits, as shown in fig. 1. Now, whenever the 
receiver i s  waiting for a new word and it senses the nega- 
tive edge of the START bit, i t  resets itself internally and 
starts shifting in the serial word. 

When the two STOP bits are sensed, the data word 
transfer is complete, and the reconstructed paralleled 
data i s  available. Since there are no common clocks, the 
receiver and transmitter operate out of sync, or asyn- 
chronously. The clocks at both ends of the transmission 
circuit are set very closely but are not exact. The UARIT 
makes up for this by sensing input data in the middle of 
each bit position. If the bits are not exactly aligned they 
are still sensed correctly, somewhere close to the middle 
of each bit, as shown in fig. 1. 

The clock, supplied externally to  the UARIT by a 
crystal or RIC TTL oscillator, i s  set at a frequency 16 
times the desired bit rate, which allows the internal logic 
to perform control and sensing functions. Clock inputs 
for the receiver and transmitter sections of the UARIT 
chip are independent and may be set at different bit 
rates if needed. 

By Jonathan A. Titus, Tychon, Incorporated, P.O. 
Box 242, Blacksburg, Virginia 24060 
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functional description 
A block diagram of the UARK is  shown in fig. 2. 

This 40-pin chip has many functions that control the 
sending and receiving of data and allow programming the 
UARIT for certain functions. The number of data bits 
per word is programmed from five to eight, the number 
of STOP bits may be selected as one or two, and odd or 
even parity may be selected or parity may be eliminated 
from the data word. F i e  input lines allow the user to 
program the format of the data sent and received by the 
UARIT (table 1). The receiver and transmitter are 
programmed at the same time. 50 the format of trans- 
mitted and received data must be the same. For con- 
venience the Control Strobe signal may be left at logic 1 
rather than being strobed, which assures that the pro- 
gramming information is always input. In the following 
examples, pins 34-39 of the transmitter control are 
programmed a t  logic 1 giving an eight-bit data word, no 
parity, and two STOP bits. Active signals are followed 
by their abbreviation and pin number. 

Eight bits of parallel data are entered on the eight 
transmitter input lines. It is important to note that this 

ALWAYS WGIC I 

L L m r  o m  aITs--! 

START BIT 
ALWAYS LOGIC 0 

fig. 1. UAR/T data transmission and bit sensing timing. 

data may have any format: two BCD digits, an ASCll 
character, or any random data. Once the eight bits are 
ready, the Data Strobe (m123) is pulsed with a logic 0,  
and the data is transmitted in serial form. The Serial 
Output (S0125) is  a TTL-compatible output that i s  at a 
logic 1 when no data is  being sent. A Transmitter Buffer 
Empty flag (TBMTl22) i s  available to indicate that the 
next eight bits of parallel data may be entered to the 
UARIT. The UARrr is double-buffered, having a hold- 
ing register as well as the transmitter register. This 
buffering allows the next data word to be entered and 
stored while the UAR/T is still transmitting the previous 
word. The stored word is then automatically placed in 
the transmitter register and sent. 

ASCl l keyboard input 
A typical UARK application i s  shown in fig. 3 in 

which an ASCll keyboard supplies the data. The trans- 
mitter clock is  set at a bit transmission rate 16 times the 
actual output rate. In the keyboard example there are 11 
bits since the START and STOP bits must also be 
counted. A common telecommunication speed is  110 
bits per second, or 110 baud. The clock rate must be 16 
times this rate or 1760 Hz, which may be supplied from 
an NE555 oscillator circuit or other source. Although 
not used in this example, the TBMT output could signal 
for the next ASCII character. The TBMT output i s  often 

table 1. Input lines for transmitter control. 

control signal symbol function 

35 N o  parity N P  0 = no parity entered 

36 STOP bits S B 1 = parity entered 
0 = Stop bit 
1 = 2 Stop bits 

37..38 Bits per word NB2,NBl  NB2 NB1 data bits 
0 0 5 
0 1 6 
1 0  7 
1 1  8 

39 Parity select PS 0 = odd parity 
1 = even parity 

34 Control strobe CS enters the above con- 
trol bits to the UAR/T 

used when data is  stored in a buffer or computer and 
you want to send one word right after another to use the 
data communication lines efficiently. Whenever TBMT 
goes to logic 1, the next eight-bit data word i s  entered to 
the UAR/T buffer register. 

The serial output from the UARIT can go to an fsk 
generator to store the data on tape, to a modem, or even 
to another UARIT. Although you may not have recog- 
nized it, fig. 1 represents the transmission of an ASCll 5 
or octal 265. (Remember that the least-significant bit, 
DB1, is  sent first, right after the START bit.) The 
UARIT receiver section must be programmed to receive 
data in the same format as it was sent. The receiver acts 
as your serial-in, parallel-out shift register, reforming the 
data into a parallel data word. When the receiver senses a 
negative transition at the edge of a START bit, it resets 
to receive a new serial data word. The receiver waits 
eight clock pulses then starts to sample the serial input 
bits. This initial offset of eight clock pulses positions the 
sensing pulse in the middle of each serial data bit, which 
makes up for the asychronous clocks. The clock differ- 
ence may be abouf+5%. 

OATA INPUT 

8 8 9 5 9 5 8 8 9 5 8  

CLOCK 

EN0 OF 
CHARACTER 

BUFFER 
EMPTY 

CLOCK 

RESET 
DATA 

AVAILAE4E 
LXTA 

AWLABLE 

g : ' p : , ' f ? ~ -  P I N I G N O  

, g g g ~ g ~ 9 8  
M T A  OUTPUT 

fig. 2. Functional block diagram. Five input lines allow 
programming of transmitted and received data. 
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Besides the eight output data lines, the receiver also 
has some error and flag outputs. The error signals are not 
frequently used in small systems, but they can serve a 
useful purpose in debugging systems that use serial data 
transmission. The Parity Error (PEl13) indicates that the 
parity programmed in the UARIT and the parity of the 
received word don't match. The Framing Error (FEI14) 
indicates that the received word doesn't have valid STOP 
bits, and the Overrun (OR11 5) indicates that we haven't 
read the current word and a new word just took its place 
on the eight output lines. A logic 1 on any of these lines 
signals an error. 

remote data transmission 
A Data Available flag (DAV/19) goes to a logic 1 to 

signal that a complete character has been received and 
may be read at the eight output lines. The data may be 
read by a terminal (TV typewriter), a computer (Mark- 

DATA STROBE 
FROM KEYBOARD 

--u-- +5b 

? ? 
DATA FROM 
KEYBOARD 

DB-6 

' 5 V  

fig. 3. Typical U A R / T  application using keyboard in- 
put for eight-bit words. 

8), or other data storage or output device. After the 
word is read, the Data Available flag must be reset or i t  
will not indicate when the next word has arrived. Pulsing 
the Reset Data AvailabTe line ( m 1 1 8 )  with a logic 0 
resets the flag. I f  the flag is not reset, the next word 
received will generate an overrun error. 

The receiver's data, error, and flag outputs are all 
tri-state so that a number of UARITs could be used on a 
bus input scheme. The Receiver Data Enable (Rm14)  
and the Status word= ( S T 1 1  6) enable the data 
and flag outputs so that we can read the data. For 
general, non-bus applications, both these enable lines 
may be connected to ground. If the UARIT is to be used 
on an input bus to a computer or terminal, the tri-state 
outputs are enabled at the correct time by pulsing RDT 

- -  - 
and SWE with logic zeros. In the Mark-8 this is done 
with input instructi0ns.l 

Fig. 4 shows how a UARIT could be connected to the 
TV typewriter to  provide the ASCl l input from a remote 
location, possibly from the keyboard shown in fig. 3. In 
this example, the data-available flag triggers an SN74121 
monostable to  provide the key-pressed pulse to the TV 
typewriter, and this pulse is also used to  clear the data 
available flag. 

SERIAL INPUT 

CLOCK INPUT 

74121 KEYPRESSED 
PULSE 

- . V . V L - - * + 5 v  -Pv 
fig. 4. Remote U A R / T  receiver for display terminal. 

remote data acquisition 
Having a receiver and transmitter available in a stan- 

dard 40-pin package represents a considerable package 
count, cost, and power saving over a discrete or SSI 
(small-scale integration) version of this circuit. UARITs 
have many other applications besides transmitting data 
back and forth to terminals and computers, so they be- 
come useful tools for remote data acquisition and 
remote control. For example, BCD data could be stored 
temporarily in a shift register then shifted, one BCD 
character at a time, to the UARIT to be transmitted to a 
terminal or printer. By connecting DB5, DB6, and DB8 
to logic 1 and Dl37 to  ground, octal 260 is inserted into 
the transmitted data, converting i t  directly to  ASCII. 
Decimal 3 becomes 263, the ASCII code for 3. The 
source of the BCD data could be a digital meter, pressure 
indicator or position encoder -- multiple digits are sent 
over a pair of wires! 

The acquisition and transmission of the data can be 
controlled by using the receiver section and two SN7485 
digital comparators (fig. 5).  You can compare an output 
character from the receiver to  a preset eight-bit data 
word. When the two are equal, a monostable starts the 
data acquisitionltransmission sequence and resets the 
data-available flag. Using a dozen or so 7400-series chips 

SOURCE SHIFT REGISTERS 

INPUT DATA - 
PRESET DATA 

SERIAL DATA 
OUT 

SERIAL DATA 
IN 

fig. 5. U A R / T  used for remote data acquisition. Data output 
starts when the 7485s find an input equal to  the preset value. 
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and a UAR/T, you now have a four-wire remote data 
station. 

The UARIT data inputs don't have to be limited to  
encoded data. They can also be used to monitor limit 
switches on equipment or even burglar alarm switches or 
fire sensors. Fig. 6 shows how two UARITs can be used 
to indicate remote switch positions. Open and closed 
switches enter logic 1s or zeros to the UARIT, and this 
data lights the corresponding LEDs at the receiver. Data 
is  continuously transmitted by deriving the DS pulse 
from the clock input. 

The remote UARIT receiver section can also be used 

communication or remote control, you may find i t  
difficult to  insert the 40-pin chips in breadboard sockets 
such as those available from E&L Instruments, Conti- 
nental Specialties, and AP, Inc. To make UARIT experi- 
menting easy, a special breadboard* has been developed 
that brings all the connections to 16-pin IC sockets for 
easy connections with jumpers, and the most important 
connections are brought to  the front of the breadboard 
to small pins. The complete breadboard plugs into an 
E&L lnstruments SK-10 socket or an AP, Inc. Superstrip 
socket, leaving plenty of extra room for other chips and 
connections. Pins on the UARIT board pick up 5 volts 

KEYBOARD 

-r 

DB-1 

+sv + 5v 

REMOTE UAR/T LOCAL UAR/T 

fig. 6. UAR/T used for remote sensing of eight inputs and for remote control. 

for housekeeping control at the area being checked. Two 
SN74154 decoders are connected to the receiver output 
lines. You can now decode up to 256 possible combina- 
tions; and using some NOR gates, you can generate a 
positive output for each combination. Only one of the 
256 combinat ions  m a y  be active a t  any  t ime. You could 
also have used eight relay drivers connected to the eight 
receiver output lines, which would allow independent 
control of eight devices. The keyboard located at the 
monitoring station is used to control the receiver out- 
puts. Complete connections in these examples have not 
been shown for clarity. 

The serial output from the UARIT should not be 
used to drive lines longer than about six feet (1.8m). If 
longer lines are required, line drivers and receivers such 
as the DM8820 and OM8830 should be used. Each of 
the UARIT outputs has a TTL fan-out of one load; and 
although the UARIT is a mos device, i t  doesn't require 
pull-up or pull-down resistors. 

and ground from the power buses. The - 12 volts must 
be supplied with a jumper. All connections are labeled 
by function and pin number. UAR/Ts available from 
various manufacturers are generally pin-for-pin com- 
patible, but data sheets should be thoroughly checked 
before use. The UARITs listed below are compatible. 

source part no. 
General Instruments, Inc. AY-5-1012 
600 West John Street 
Hicksville, New York 11802 

Western Digital Corp. 
3128 Red Hil l  Avenue 
Newport Beach, California 92663 

Texas lnstruments, Inc. 
P. 0. Box 5012 
Dallas, Texas 75222 

American Microsystems, Inc. 
3800 Homestead Road 
Santa Clara, California 95051 

availability 
reference 

If you want t o  experiment with UAR/Ts for data 1 .  Jonathon Titus, "Computer!" Radio Electronics, July, 1974, 
page 29; "Computer Modifications," Radio-Electronics, Decem- 

*The UAR/T breadboard is available from E&L Instruments, 61 
ber, 1974, page 43. 

First Street, Derby, Connecticut 06418 as part no. LR-21. ham radio 
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I "WILSON GOES MOBILE" I 
introducing the new WE-224 

:. -, 

WE-224; 52/52, SIMPLEX PLUS 

SPECIAL TWO TX/RX CRYSTALS, YOUR CHOICE 
INCLUDES: (Common Repeater Frequency Only), 

MOUNTING BRACKET; MOBILE MIKE 

FEATURES 

1.24 Channel Operation 
2. One pr ior i ty  Channel 
3. Selectable 1 or 1 0  Watts Ou t  
4. 10.7 Monolithic Filter Installed 
5. 455 KHz Ceramic Filter 
6. Numerical Read-out on  each Channel 
7. Built- in Adjustable "Tone- Burst" Generator 
8. Front  Panel Tone Encoder Control 
9. Accepts Wilson 1402 81 1405SM Xtals 

10. Individual Trimmer Capacitors for  bo th  T X l R X  
11. Mosfet Front End 
12. Helical Resonator 
13. High VSWR Protection Circuit 
14. Reverse Polarity Protection Circuit 
15. NBFM - 15  KHz Channel Separation 
16. External Speaker Jack 
17. Built- in Speaker 
18. Dynamic Microphone Included 
19. Mobile Mounting Bracket Included 
20. Frequency Range 144-148 
21.6X"W x 2X"H x 9%"D 
22. Weight: 5% Ibs. 
23. Power Requirements: 

Source: 13.5 VDC f 10% 
Receive: .45A 
Transmit: 2.6A ( l o w ) ,  .7A (1W) 

WILSON announces the addition of I HAND HELD 

the 220 and the 450 
2202 SM 

FREOUENCY RANGE 220 - 225 MHz . 6 Channel omratlon . Individual Tvimmers on a l l  T X I R X  Crystals . AII crystats PIU~ In . 12 KUZ ceramnc F11t.r 
10.7 and 455 K C  IF  . .3  M~C.OVOII sensttsrlty tor 20 Ob Quielln9 . W~,.~I. i ~ b .  14 01. less Battery . ~ a t i e r y  t n a ~ u t o r  
Saze 0 718 z I 114 n 2 7lm . Swolchablc 1 6 2.5 Watts Output 
N 12 VOC 
Current Drain: RX  14 MA TX  LOO MA . Mlc rosw l t~h  Mike Bullon . Unbreakable Lcxani.  C a u  

USES SAME ACCESSORIES AS 1405 

INTRODUCTION SPECIAL 

INCLUDES 

1. 2202 SM 3. Ni-Cad Batteries 
2. Antenna 4. Leather Case 

5. 223.50 Simplex Installed 

4502 SM 
FREOUENCY RANGE 420 - 450 MHz 

. 6 Channel Owration 
Indivld~al Trlmmmrs on a l l  T X l R X  Crystals 
A l l  Crystals Plug In 
12  KHz Ceramic Ftlter 
10.7 and 455 K C  IF . .3 Mi~ro1011 Sensit l l l ty for 2OObQuletine . Welqht: I Ib. 14 01. less Battery 
B a t t e r y  Ind~cator  . Sozs. 8 710 x 1 314 K 2 7 P  
S ~ ~ l c h a b l e  1 6 1.0 Watts OYIDUI 
e I 2  VDC 
Current Drain: R X  14 MA T X  SO0 MA . M~CIDIWO~C~ Mike Bulton . Unbreakable L a r a n  u C a n  

USES SAME ACCESSORIES AS 1405 

INTRODUCTION SPECIAL 

INCLUDES 

1.4502 SM 3. Ni-Cad Batteries 
2. Antenna 4. Leather Case 

5. 446.00 Simplex Installed 

ACCESSORY I SPECIALS 
DESCRIPTION 

B C I  .BATTERY CHARGER 
BP - NI-CAD BATTERV 
PACK.. . . . . . . . . . . . . . . . . 
L C 1  - I402 LEATHER 
C A S L  .................. 
L C 2  - LEATHER CASE 
FOR 1405.2202.4502 . . . 
SM2. FOR I 4 0 2  SPEAKER AND 1405.. MIKE . . . 
TEI  - SUB-AUDIBLE TONE 
ENCODER INSTALLED. .  . . 
T T P -  TOUCH TONE P A 0  
INSTALLED.. . . . . . . . . . . . 

I 
X F I  - 10.7 MONOLITHIC 
IF X T A L  F ILTER INST.. . . 
C R Y S T A L S  T X  OR R X  
(Common Freq Only). . . . . . 

BC-1 NI-CAD 
BATTERY CHARGER 
WITH REGULAR A N D  

TRICKLE CHARGE 
FEATURE 

I 1 
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1402SM HAND HELD 
2.5 WATT 

TRANSCEIVER 

SPECIAL 
1. Antenna 
2. Case 
3. Ni-Cad 

Batteries 

OPTlONA L 
TOUCH- 
TONE 
PAD 

SHOWN 

FEATURES 

6 Channel Operat ion 
Ind iv idual  Tr immers 
o n  al l  T X / R X  Crystals 
A l l  Crystals Plug In. 
12 K H z  Ceramic 
F i l ter  
10.7 IF and 
455  K C  I F  
.3 Microvol t  
Sensit iv i ty f o r  2 0  d B  
Quiet ing 
Weight: 1 Ib. 1 4  or. 
less Bat tery  
S-MeterlBattery 
lnd lcator  
Size: 8 7/8 x 1 7/8 
x 2 7/8 
2.5 Watts M i n i m u m  
O u t p u t  @ 1 2  V D C  
Current Dra in  R X  
1 4  M A  T X  5 0 0  M A  
Microswi tch M ike  
B u t t o n  

6 Channel Operat ion 
Ind iv idual  Tr immers 
o n  a l l  T X / R X  Crystals 
A l l  Crystals Plug I n  
12 K H z  Ceramic 
F i l ter  
10.7 and 4 5 5  
K C  I F  
.3 Microvol t  
Sensit iv i ty f o r  2 0  d B  
Quiet ing 
Weight: 1 Ib. 1 4  or. 
less Battery 
Battery Ind icator  
Size: 8 7/8 x 1 314 
x 2 7/8 
Switchable 1 & 5 
Watts M i n i m u m  
o u t p u t  @ 12 V D C  
Current Drain: R X  
14 M A  T X  4 0 0  M A  
(Iw) 9 0 0  M A  (5W) 
Microswitch M ike  
B u t t o n  
Unbreakable Lexancg 
Case 

ON EACH RADIO INCLUDES: 
4.52152 Xtal 
5. Your Choice of 2 T X I R X  Crystals 

(Common Repeater Frequency Only 

1405SM HAND HELD 
5 WATT 

TRANSCEIVER 
144-148 MHz 

TO: WILSON ELECTRONICS CORP., 4288 S. POLARIS AVE., LAS VEGAS, NEVADA 89103 
(702) 739-1931 

FEBRUARY FACTORY DIRECT SALE ORDER BLANK 
2202 SM @ $279.95. 4502 SM @ $299.95. WE-224 @ $209.95. 

1402 SM @ $199.95. 1405 SM @ $279.95. 

BC1 @ $36.95. BP @ $15.00. LC1 8 $14.00. LC2 @ $14.00. 

SM2 @ $29.95. - TE1 @ $39.95. ( SPECIFY FREQUENCY 1 

- TTP @ $59.95. - XF1 @ $ 1 0 . 0 0 .  TX XTALS @ $4.50 ea. RX XTALS @ $4.50 ea. 

EQUIP TRANSCEIVER AS FOLLOWS: XTALS A. B. 

ENCLOSED IS CHECK MONEY ORDER MC BAC 

CARD # EXPIRATION DATE 

NAME 

ADDRESS 

CITY STATE ZIP 

SIGNATURE 

Add $5.00 per Radio for Shipping, Handling; and Crystal Netting. 
SALE VALID FEBRUARY 1 THRU 29,1976 HR NEVADA RESIDENTS ADD SALES TAX 

More Details? CHECK-OFF Page 1 10 february 1976 63 



tube equipment the measured voltages may be as much 
as 30 or 40 volts off and still be within the "nominal" 
range. In a transmitter stage with a "nominal" 800volt 
plate supply the actual circuit voltages could fall in the 
range from 700 to  900 volts and still be okay. The clue 
here is the actual dc supply voltage, so the first thing to 
check is the dc supply voltage at the output of the last 

Michael James 

voltage 
troubleshooting 
Most successful electronic technicians combine a number 
of different troubleshooting techniques when tracking 
down a circuit problem, including signal tracing, resis- 
tance measurements and oscilloscope checks, but voltage 
measurements are probably the most popular. They go 
hand in hand with resistance measurements so you can't 
understand one without understanding the other, but 
since resistance measurements are often the next logical 
step after detecting an incorrect voltage, troubleshooting 
with an ohmmeter will be discussed next month. 

Although voltage troubleshooting is probably the best 
known, it isn't always the best choice - logic dictates 
that you should first isolate the problem to one section 
or stage in the equipment. I f  your test equipment i s  
limited to a voltmeter you can use voltage measurements 
to  pinpoint a problem area, but other techniques are 
usually faster. Nevertheless, once you know which cir- 
cuit to  look in, voltage troubleshooting is a quick way of 
finding the faulty part. 

Most modern instruction books and schematics in- 
clude voltages at each transistor or IC terminal, and 
some include dc voltages and signal levels at various 
points in the circuit. To troubleshoot the circuit you 
start by measuring each dc voltage in the suspected cir- 
cuit and compare i t  to the correct voltage on the sche- 
matic. When you find a voltage that is much higher or 
lower than it should be, you have to figure out what 
could cause it. If you know Ohm's law for voltage, cur- 
rent and resistance, it's not too hard t o  decide what's 
causing the undesired voltage change. 

When comparing the measured voltages with those 
given in the instruction book, don't be lead astray by the 
fact that the instruction book values are "nominal" 
values - the actual, measured voltages may be 10 per 
cent higher or lower. This isn't usually a problem in 
solid-state circuits because the measured voltages should 
be within 1 or 2 volts of that specified, but in vacuum- 

power supply filter. If it's 10 per cent higher than that 
noted on the schematic, you can expect other unregu- 
lated voltages in the set to be 10 per cent higher. 

voltage dividers 
We'll discuss series and parallel resistance circuits in 

more detail next month when we get into trouble- 
shooting by resistance measurement, but in the mean- 
time let's look at a typical series circuit and see what 
happens when one of the resistors in the string changes 
value for some reason. Consider the simple series cricuit 
in fig. 1. Since the resistors are connected in series, the 
same current flows through them all and the resistors 
divide the voltage in direct proportion to their resistance 
values. In the circuit of fig. 1 the resistance ratios are 
8:4:3: 1. The R1-R2 voltage is  24 volts below the supply 
voltage, the R2-R3 junction is  12 volts below R1-R2, the 
R3-R4 junction is 9 volts below R2-R3, and 3 volts are 
developed across R4. The 8:4:3:1 ratio i s  maintained. 
(Although circuit voltages are measured in reference to 
ground unless otherwise specified, you can directly 
measure the voltage drop across a resistor by placing the 
voltmeter probes on each lead of the resistor. Be sure the 
negative voltmeter lead is placed at the lower voltage end 
of the resistor.) 

Rl R Z  R 3  R 4  

0 1 ;;; 1 ii; J, 
I7.5V IO.0V 2.SV 

fig. 1. Typical series voltage dividers, showing how the resistance 
and voltage- dividing ratios are maintained even when a resistor 
or supply voltage changes value. 

Now consider what happens when you change one of 
the resistance values as in fig. 1B. A 2000 ohm resistor 
has been added in parallel with R1, lowering its effective 
resistance to 1000 ohms. This changes the resistance 
ratio of the divider chain to 4:4:3:1, and the voltage 
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divides accordingly. R1 (with R5) drops 16 volts, R2 
drops 16 volts, R3 drops 12 volts and R4 drops 4 volts, 
maintaining the 4:4:3: 1 voltage ratio. 

If you forget R1 (and R5) for a moment, note that 
the ratios of R2, R3 and R4 are 4:3: 1 for both circuits. 
This is important because it illustrates the fact that i f 
one resistor in a series voltage divider changes value, the 
ratio of the other resistors in the divider remains the 
same. As a further example of this consider fig. 1C 
where the value of R2 has been reduced to 750 ohms 
and the supply voltage lowered to  37.5 volts. The volt- 
age and resistance ratios are 8:3:3:1 with the ratios be- 
tween R1, R3 and R4 the same as in fig. 1A. 

As an example of voltage troubleshooting, consider 
the simple voltage divider circuit of  fig. 2. This is the 
type of circuit that might be used to provide different 
operating voltages to  various transistor circuits in a set. 
The bypass capacitors provide necessary circuit decoup 
ling. The circuit of fig. 2A shows the normal dc voltages 
(usually called operating voltages) while fig. 26 shows 
the voltages which you might measure in the circuit 
when you start troubleshooting. 

In fig. 2A the +12 volts appears at the junction of 
R2-R3 because of the 6 volt drop across R1 and R2. A 
further voltage drop across R3 causes +6 volts at the 
junction R3-R4. When analyzing the incorrect voltages 
in fig. 28 note that two of the voltages have changed. 
Since the voltages have changed, it follows that the resis- 
tance ratios have changed. 

The first step in troubleshooting this circuit, there- 
fore, i s  to determine what the new resistance ratios are. 
If you consider only the +4 volts at the R2-R3 junction, 

NORMAL 0 FAULTY 

fig. 2. Voltage divider which might be used in solid-state elec- 
tronic equipment to provide operating voltages to different 
stages. The incorrect voltages in (B) are easily analyzed with 
voltage ratios to determine the bad component. 

there are two possibilities: R1 and R2 have higher resis- 
tance than normal, resulting in a larger voltage drop, or 
R3 and R4 have lower resistance with a lower than nor- 
mal voltage developed across them. Which is it? The clue 
lies in the fact that the ratio between the voltages at 
R2-R3 and R3-R4 i s  the same in both circuits, 12:6 = 

4.2, or 2: 1. Therefore the trouble i s  more likely in either 
R1 or R2; one of them has probably increased in value. 

You might be inclined at this point to  disconnect the 

two resistors from the circuit and measure them with an 
ohmmeter. However, further voltage measurements will 
indicate that one retains i t s  ratio to R3-R4 while the 
other does not. Even though the voltage isn't shown for 
the R1-R2 junction, you can quickly calculate it with 
Ohm's law. Since 6 volts appears acrossR 4, a 1200 ohm 
resistor, the current through the circuit is 5 mA. There- 
fore, the voltage at the R1-R2 junction should be 1.5 
volt, a ratio of 1 :8 when compared to the voltage at 
R2-R3. 

@ DC CIRCUIT 0 EQUIVALENT 

fig. 3. Basic transistor circuit and its equivalent circuit when the 
transistor is considered to be a variable resistance. Equivalent is 
complicated because resistance is a function of the base bias 
which is set b y  R1. 

If the voltage at R1-R2 is 0.5 volt in the faulty cir- 
cuit, i t  has the correct ratio to the 4 volts a t  R2-R3 and 
resistor R1 is the culprit. On the other hand, if you 
measure 1.5 volt at R1-R2 in the faulty circuit, R2 has 
increased in value and should be replaced. 

The same type of reasoning is the basis for analyzing 
all dc voltages in series circuits. First look at the ratio of 
resistances, compare the voltage ratios, and then figure 
out what's causing the problem. 

transistor and tube circuits 

Thinking in terms of resistance and voltage is simple 
so long as the resistances are simple, and with a little 
experience you'll be able to estimate voltage ratios close 
enough to give you a clue to which resistance has 
changed. Transistor and IC (and vacuum tube) circuits, 
however, are different because the dc operation of the 
device changes as you alter the bias and/or supply volt- 
ages. In the circuit of fig. 3A, for example, the current 
through the transistor (and the voltage drop from col- 
lector to  emitter) is determined by the base bias which is 
set by R1. Increasing the base bias (base-toemitter volt- 
age) increases the base current which is multiplied by the 
current gain of the transistor. This increased emitter cur- 
rent increases the voltage drop across the emitter resistor 
which affects bias, which affects base current, which 
affects emitter current, and so on. 

The same sort or thing occurs in the vacuum-tube 
circuit in fig. 4. Here the grid bias i s  picked off the 
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cathode resistor R1. Since the current through the tube 
is  a function of grid bias, any changes in plate current 
are reflected throughout the series circuit, which affects 
bias, which affects plate current, etc. 

Although the transistor and vacuum tube can be 
rather loosely represented by an equivalent variable resis- 
tance, the interdependency of bias and emitter or plate 
current make i t  difficult to treat active devices as simple 
ratio dividers. There are some circuit difficulties that 
can be tracked down with voltage ratios, but you have to 
be very careful to distinguish between cause and effect. 
In many cases i t  is practically impossible to separate the 
two without resorting to another troubleshooting tech- 
nique. But don't feel too badly if you get caught in this 
trap -- more than one technician has chased his tail 
around a circuit only to discover that what he thought 
was the cause was really the effect, and vice versa. 

fig. 4. Basic vacuum- 
t u b e  circuit and its 
basic series resistance 
equivalent. Plate resis- V I  

tance is a function of s 6 k  

grid bias which is set by 
the cathode resistor R1. 4 70 

T h i s  complicates the 
+250V 

analysis as discussed in 
the text. DC CIRCUIT 0 EOUIVALENI 

Consider the transistor amplifier circuit shown in fig. 
5A and its resistive equivalent in fig. 5B. Voltages are 
shown for each point in the circuit so you can calculate 
the voltage and resistance ratios. There is a 9 volt drop 
across R2, a 6 volt drop across Q1 and a 3 volt drop 
across R1 so the ratio is 3:2:1. Now assume that some- 
thing goes wrong with the circuit and you measure the 
voltages shown in fig. 5C. With 4.2 volts across R1, 1.2 
volts across Q1 and 12.6 volts across R2 you have a 
voltage ratio of 3:0.29:1. Since the ratios of R1 and R2 
remain the same, it's a good guess that they're okay, but 
the resistance of Q1 has changed, upsetting the voltages 
in the circuit. However this doesn't necessarily mean the 
transistor i s  bad. I t 's  very likely that something in the 
circuitry at the base of the transistor (not shown) is 
causing the problem. 

To get an idea of how complex these relationships 
can get, look at the transistor audio amplifier shown in 
fig. 6A. Shown in fig. 6B is the equivalent diagram of the 
collector circuit (Q lc  is the collector-emitter junction); 
fig. 6C shows the equivalent circuit for the base circuit 
and includes the bias network (R1 and R2) and the path 
through the base-emitter junction (QIB). Note that the 
emitter resistor R 4  is in this path, too, so a current 
change in either circuit affects the voltage drop across 
that resistor. 

Fig. 6D shows the combined dc paths through the 
transistor. Figuring out the voltage ratios in this circuit 
would be difficult even if the resistances were simple, 
whole numbers, which they aren't, but the circuit is 
complicated by the fact that the value of Q lc  is control- 

led by Q I B .  However, as will be seen later, there are 
some rules of thumb that remove some of the apparent 
complexity and allow you to successfully use voltage 
ratios to troubleshoot circuits of this type. 

We will study transistor circuits in greater detail in a 
future column, but there are several important facts 
about transistor circuits that are particularly helpful in 
understanding the operating voltages of the stage. In a 
transistor amplifier, for example, the base-emitter junc- 
tion is always forward biased and the base-collector junc- 
tion i s  always reverse biased.* That is, the base terminal 
i s  always at a higher dc potential with respect to  the 
emitter, and the collector i s  always at a higher potential 
than the base. In npn transistors the collector is positive 
with respect to  the emitter, and in pnp transistor circuits 
the collector i s  negative with respect to  the emitter. Fur- 
thermore, there's an approximately 0.7 volt voltage drop 
from base to emitter in silicon transistors, and about 0.2 
volt base-emitter voltage drop for germanium transistors. 
In fig. 6A, for example, there's a 0.7 volt difference 
between the base and emitter terminals so Q1 is a silicon 
transistor. 

It's also important when analyzing transistor stages to  
remember that the base current i s  a small fraction of the 
collector or emitter current, typically 1 per cent or less 
(for a collector current of 25 mA, typical base current is 
about 250 PA). Therefore, the fact that R4 in fig. 6D i s  
common to both the base and collector equivalent cir- 
cuits is of little consequence because base current con- 
tributes only about 11 mV to the voltage drop across 
R4. 

Since the base-emitter voltage remains relative1 y con- 
stant throughout the operating range of the transistor, 
this can complicate troubleshooting because if the emit- 
ter voltage increases for some reason, the base voltage 
will follow right along behind it. On the other hand, if 
the base bias voltage increases, this increases the base 
current slightly, increases the emitter current greatly, 
and increases the voltage measured at the emitter ter- 
minal. The measured voltages may be the same in both 
cases but the causes are different. 

*Forward biased for class-A stages. Class-AB stages are slightly 
forward biased while class-C stages are operated at  zero bias. 

fig. 5. Simple transistor circuit (A), the dc equivalent of the 
collector circuit (6). and incorrect voltages which can be ana- 
lyzed using voltage ratios. Troubleshooting cannot be completed 
however, without considering the base circuit as shown in fig. 6. 

66 february 1976 



The circuits of fig. 7 are the same as those of fig. 6A 
except that the operating voltages have changed, indi- 
cating trouble. Note in both cases that the emitter volt- 
age has increased. In fig. 7A the emitter voltage has in- 
creased to  1.6 volt while the collector voltage has drop- 
ped to  5.4 volts. In fig. 6A the ratio of the voltage 
drops across R3 and R4 is approximately 8: 1. In fig. 7A 
the R 3  and R4 voltage drops are 12.6 and 1.6 volts 
respectively, a ratio of about 8 : l .  Therefore, the diffi- 

ing collector voltage. 
There are countless transistor and IC supply circuits 

which you can analyze in this same way. First, pick out 
the voltage that i s  the most wrong and find out what 
caused it. Concentrate on one supply path at a time and 
try to ignore the effects of other circuits. When you 
decide what happened in one circuit, then decide 
whether another circuit could possibly be causing the 
incorrect voltages in the circuit. The component that is 

0 Afi%!':PEu 
DC BASE DC COLLECTOR DC CIRCUIT @ EQUIVALENT @ EQUIVALENT @ EQUIVALENT 

fig. 6. Transistor audio amplifier (A), dc equivalent of the base circuit (B), dc equivalent of the ~OlleCtOr circuit 
(C). and the complete equivalent including collector current dependence upon base current (D). 

culty i s  the base bias network (the value of R1 has prob- 
ably decreased, increasing the current flow through R1- 
R2 and increasing the base bias voltage). 

In fig. 7B the emitter voltage has also increased, but 
note that the ratio of the voltage drop across R3 (15.6 
volts) to that across R4 (1.3 volts) i s  now 12: 1. Further 
checking will reveal that the value of the emitter resistor 
has decreased to about 100 ohms, nearly doubling col- 
lector and emitter current. 

The i-f amplifier in fig. 8 is typical of the type you 
might find in a modern communications receiver. 
Assume you have tracked a receiver problem to this 
stage and measure the transistor voltages shown in fig. 
8B. The collector voltage is very low, indicating either 
higher than normal current through the transistor or that 
R4 has increased in value. The base voltage is a little low, 
but i t  has changed little with respect to the emitter volt- 
age. If you study the circuit you quickly decide that the 
bypass capacitor C3 has shorted. With 1 volt of forward 
bias the transistor conducts heavily, dramatically lower- 

fig. 7. Transistor audio amplifier circuit of fig. 5 with incorrect 
operating voltages. Although the emitter voltage has increased in 
both of these circuits, the cause is different in each case as 
discussed in the text. 

common to  all symptoms is usually the culprit. Each 
symptom leads to another, and ultimately to the 
defective component. 

0 I -F  AMPLIFIER 0 INCORRECT 
VOLTAGES 

fig. 8. Transistor i-f amplifier with correct Operating Voltages i s  
shown in (A). Incorrect operating voltages in ( 6 )  are analyzed in 
text. 

Collins paint 
Although not directly in the area of troubleshooting, 

maintaining the appearance of your amateur equipment 
is also important. Not generally known is the fact that 
Collins Radio stocks spray cans of paint for both the 
S-line and the older 75A4lKWS line. The S-line color 
scheme is  actually in three different hues: 180 Gray for 
the cabinet (Collins part number 097-61 61 -000), 250 
Gray for the panel (Collins part number 097-6162-000) 
and 126 Medium Gray for the ring (Collins part number 
097-6163-000). The spray paint for the 75A4lKWS line 
is St. James Gray (Collins part number 097-6164-000). 
Spray cans may be ordered through your local Collins 
dealer. 

ham radio 

february 1976 67 



... 
- that you don't p y  extra for- 
we think you'll agree that the 

GENERAL: Frequency Coverage: 144 through 148 MHz. 12 Channels, 
2 supplied: (1) Receive: 146.52 MHz, Transmit: 146.52 MHz; 
(2)Recelve: 146.94 MHz, Transmit: 146.34 MHz Power Requimrnents: 
13.0 Volts DCn5% Current Drain: Transmit: 450 mA, Receive: 45mA 

Antenna Impedance: 50Ohms Dimensions: 5%" x 2%" x 7?'zW(13.6 
x 5.8 x 19.1 cm) Welght: 3.75 lbs(1.7 kg) 

RECEIVER: Sensltlvity: Typically .5 microvolt for 20 dB quieting IF 
Selectivity: 20 kHz at 6 dB down; *30 kHz channel rejection greater than 
75 dB down. First IF: 10.7 MHz with 2-pole monolithic crystal filter. 

Second IF: 455 kHz with ceramic filter. lntennodulation Response: 
At least 60dB down. Modulation Acceptance: *7kHz. Audio Output: 
At least 1 Watt at less than 10% distort~on. Audio Output Impedance: 
8 Ohms 

TRANSMITTER: RF Output Power: 1 Watt minimum Frequency 
Deviation: Adjustable to * to  kHz maximum, factory set to 6.0 kHz. 

Multiplication: 12 Times Amateur Net $229 95 
ACCESSORIES 

. . . . . . . . .  . Model AA-10 Power Amplifier: Use with TR-22C or any transceiver Accessory Crystals.. each $7.50 
i up to 1.8 watts output. 10 dB power increase. At least 10 watts output . Model MMK-22MobileMount, , , , , , , s9.95 . . . . . . . . . .  *b at 13.8VDC. Automatic transmitlreceiveswitching. $49.95 

At  your dealers - now! For more details contact: 

R. L. DRAKE COMPANY Fm 540 Richard St., Miamisburg. Ohio 45342 .Phone: (513) 866-2421 Telex: 21! 

>> SEE YOU AT THE DAYTON HAMVENTION <<d 

Great 
New 

Turn On 

MOCO I1 ushers i n  a new genera- 
t ion  o f  Morse Code Readers. I ts 
central processing un i t  is com- 
bined w i t h  computer programmed 
f irmware total l ing more than 
8,000 bits o f  memory, which per- 
m i t  MOCO I1  t o  translate stan- 
dard alpha-numeric Morse Code, 
even punctuation automatically. 

Simply connect MOCO I1 t o  the 

\ 
speaker leads and then just tu rn  it 
on. N o  knobs, n o  adjustments. 

gco IL One switch calibration auto- 
matically determines and displays 

sending speed. ."-" 
MOCO I1  is no t  a k i t .  It's 

4"- --L completely assembled and tested, 
includes integral power supply, 
parallel ASCII and Baudot out- 
puts fo r  existing display units. 

Howard Microsystems 
introduces MOCO 11. the newest PRICE: $199.00 
and most efficient Morse Code Available as options are a video 

translator in the state display, o r  a teletype driver w i t h  
of the art. 6 0  ma. loop supplies. 

Order f rom Howard Microsystems, Inc., 6950 France Avenue 
South, Minneapolis, M N  55435 (61 2) 925-2474. 

DISPLAY OPTIONS ....... A. Baudot Drlver/lnterface for TTY $75.00 
8. Video Character Display - connects 

w i t h  your T V  ...................... $200.00 ............................. ( ~ l t  $125.00) 
A l l  orders - add $2.75 shipplng/handllng 

M HOWARD MICROSYSTEMS. INC. 

RADIO AMATEURS GREAT CIRCLE CHART OF 

Francisco & Los Angeles. 

Full color. 30" x 25" - includes Central Amer- 

boundaries and country prefixes on each map. 
Also includes a polar projection map of the 
world plus a map of the Antarctica - a corn. 

as listed above 

Mail orders please include 75t  per order 
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Get the most out of your rig with LEADER test equipn 

Proper modulation means (B) LBO-310Ham Oscil- 
better results when you're c loscope with Built-in 
out to make longer lasting LA-31 RF Monitor 
contacts. What's more, you Adapter. 
can get maximum power Observe IF c i rcui t  
output and super radiation waveforms and moni- 
when you work your rig with tor SSB and AM xmit- 
the help of Leader Test In- ter signals. The built-in 
struments. You also achieve LA-31 Adapter helps pro- 
optimum operating capabil vide continuous monitor of 
proper impedance matching RF output (to 500W). This ver- 
minimum TVI problems. Easy to cope will also indicate tuned 
operate, Leader gear is priced to give condition for RTTY operation. The in- 
you the best value for your communica- ternal 2-tone generator checks SSB. 
tions dollar. It is the ideal "performance Vert. sensit ivi ty is 20mVp-pldiv; 
test center". DC-4MHz b'width. It's sensitive gener- 

al purpose scope, too! 
(A) LPM-885 SWR Wattmeter LBO-3lOHam 3" Scope $269.95 
A sensitive, in-line type power meter 
which measures SWR of x'mission lines LA-31 adapter for use with our 

and power output from 1.8 to 54MHz. LBO-310A or any scope with deflection 

Facilitates adjustment of x'mitter and an- plate conn. $ 22.95 

tenna systems for highest efficiency. (C) LPM-880 RF Wattmeter 
May be left in circuit for continuous Measure RF x'mitter power output in the 
power output monitoring in the 1-1000W 0.5 to 120W range from 1.8 to 5OOMHz. 
range. SWR Power Detector circuit as- Features pushbutton range selection 
sembly separates for remote measure- with 50l1 load impedance. Also 
ments. Forward-to-Reverse power ratio measures power losses in low pass 
is used for accurate SWR readings. filters and coaxial cables. Complete with 

$99.95 sturdy tilt stand. $149.95 

Complete your Communications "Performance Test Center" 
by adding these valuable Leader hstruments ... 

LAC-895 Antenna Coupler LIM-87OA Antenna LDM-815 Transistorized 
For optimum antenna matching 8. impedance Meter Dip Meter 
reducing TVI. Has built-in SWR For on-slte antenna adjustments 8. Docks with our LIM-870A to 
and in- line power meter for excellent matching. US~S.~V batt'y. facilitate antenna impedance 
accurate measurement in 5 bands. Checks linear amplifier and matching. Portable, battery 

$159.95 recelver impedances. -.% operated. adjust wave traps. etc. w.95 

See your dwkw 
or write direct 

151 Dupont Street PI8inview. N.V 11803 (516) 812-9300 
In Canada OnInrlronrx Lld Montreal. Quebec 

I Mail this coupon now. Place your order today! I I 4 
~~~d~~ I~~~~~~~~~~ arp. Communications Division, Dept. HR 

I 151 Dupont  Street, Plainview, N.Y. 11803 (5161 822-9300 ) 
. .  I want to get the most oul of my rig with Leader Test Gear. 

Send me your free Communications Instruments Catalog. I Send me your full lmnecatalog of test ~nslruments for 
Service. Industry, Educat~on and Maintenance. 

1 Sh~pme the following Leader CommunlcationsTest Gear; 

LPM-885 SWR Watt Meter 6 6  99.95.. . . . . . .  . . . . .  I LBO-31OHam 3" Scope 
. . . . . . . .  . . . . . . . . .  wi bu~l t -~n RF Mon~tor 0V269.95 

LA-31 RF Scope Adapter. Po$ 22.95. . . . . . . .  . . . . .  
. . . . . . .  . . . . . .  LPM-880 RF Power Meter.. $149.95. 

. .  . . . . . . .  ( LAC-895 Antenna Coupler.. r1S159.95. 
0 LIM-870A Antenna 

Impedance Meter . . . . . . . . . . . .  : f i $  99.95 . . . . . . . .  I LDM-815 Transistorized 
. . . . . . . .  . . . . . . . . . . . . . . . .  DIP Meter. u r b  99.95 

I . . . . . . .  Total enclosed. 

Name 

Address 
I 

City 

u 
state /zip I 
Phone 

Payment by: 
I 

Personal Ck. Money Order 0 Certified Ck. 
Note: Do not send cash or stamps. 
Personal checks requvre 

I 
2 weeks processing. 

CA. 8 N.Y. residents add Sales Tax For prepaid shipping 6 handling. enclose 54 add'l. per unit with purchase prlce 
I 

B = ~ ~ W I I I I I I I W ~  
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high power calibration 
for the Heath HM2102 
vhf wattmeter 

The great crowds of two-meter fm 
enthusiasts will no doubt provide the 
Heath Company with a continuing mar- 
ket for their HM2102 vhf watt meter. 
This dandy piece of equipment provides 
two switch-selectable power ranges of 
25 and 250 watts full scale, in the 50 to 
160 MHz range, and also includes a 
built-in swr bridge. 

In checking out my wattmeter I 
found that everything worked fine with 
the exception of a noticeable discrep- 
ancy in the accuracy of the high power 
(250 watt) range. Checking further, I 
found that the problem was due to the 
fact that R8, a 68k resistor which is 
used as a meter multiplier in the 250 
watt range, was out of tolerance. The 

Q ORIGINAL 
CIRCUIT 

0 MODIFIED 
CIRCUIT 

fig. 1. The high-power range of the Heath 
HMZ102  vhf wattmeter can be calibrated by  
replacing RE with a 100k potentiometer such 
as the Allen-Bradley ZV1041  or Bournes 
3389P. Calibration procedure is discussed in 
the text. 

03 
SCl07 
(HEP 50015)  

*(HEP C€Qm 

;; 500 
MICROPHONE 

i 
T 

OUTPUT 

fig. 2. Audio speech compressor is based 
on the use of a voltage-controlled ampli- 
fier IC, a Motorola MFC6040  (HEP 
C6009). 

problem could have been cured by re- with another wattmeter of known accu- 
placing R8 with a new resistor, but i t racy, adjust R6 for the correct meter 
occurred to me that even greater accu- indication in the 25 watt range. 
racy could be obtained by replacing R8 2. Switch to the 250 watt range, and 
with a variable 100k resistor to allow again using a transmitter with known 
separate calibration of the high power output, and/or a comparison wattmeter, 
range. adjust R8 for correct meter indication. 

This modification is easily done and 
works out very nicely. The small trim- 
pot may be supported by using short 
pieces of solid hookup wire inserted in 
the PC board holes formerly occupied 
by R8. The adjusting slot should face 
upward in the same direction as poten- 
tiometer R6. A hole in the cover plate 
allows access to R8 when the cover is in 
place. This access hole can be labeled 
high for high power adjust, and the hole 
already in the plate for R6 can be 
labeled low. 

The original calibration procedure 
calls for adjusting R6, a 50k pot, in the 
low power position, which also affects 
the high power calibration. With the ad- 
dition of a 100k pot for resistor R8, the 
new calibration procedure is as follows: 

1. Using a known power source in the 
10 to  25 watt range, and/or comparing 

Both ranges are now individually cali- 
brated. Any further adjustment of R6 
will require readjustment of R8. 

Robert H. Johnson, W9TKR 

speech compressor 
I wanted to improve the efficiency of 

my homebrew ssb transmitter, so I de- 
cided to build an audio speech com- 
pressor. The circuit in fig. 2 uses a 
Motorola MFC6040 voltage-controlled 
amplifier IC which has 13 dB gain and 
90 dB (maximum) gain reduction. Maxi- 
mum input is specified at 5 mV rms. In 
this circuit transistors 0 1  and 0 2  are a 
microphone preamplifier. Transistor Q4, 
which is connected to the output 
through a 0.1 pF capacitor, is the agc 
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detectorlamplifier for U1, the voltage- 
controlled gain stage. Q3 is the output 
buffer. 

A t  m y  station I use a 500-ohm dy- 
namic microphone wi th this circuit and 
the output remains constant at 1.8 volts 
rms. The performance of the uni t  could 
be f u r t h e r  improved b y  adding a 
3003000 Hz filter a t  the output. 

L. Novotny 

goral oscillator notes 
The Goral crystal oscillator circuit 

described by  Don Stoner in  ham radio" 
appears t o  be excellent i n  many re- 
spects. I have found, however, that the 
proper value of C2 in  fig. 4 of the orig- 
inal article is a critical function of the 
capacitance for which the crystal is cali- 
brated. Crystals for  the GE Progress 
Line, for example, are ground t o  oper- 
ate into a 10-pF load and wil l  no t  oscil- 
late on their proper frequency using 20 
pF as the value of C2. Data on two  dif- 
ferent crystals for  a GE Progress Line 
receiver are shown i n  fig. 1. A value o f  
12 pF for C2 is more suitable as it al- 
lows the crystal t o  be netted using an 
8-pF trimmer capacitor at C1. The data 
also illustrate the wide frequency range 
over which the oscillator wil l  operate 
when different values of C1 and C2 are 
used. 

Robert E. Cowan, K501N 

nicad battery care 
Most pocket computers are powered 

by  rechargeable nicad batteries. These are 
good batteries, bu t  they must be treated 
w i th  care. I f  you run the batteries, or even 
one cell, much below 0.7 volt, there 
seems t o  be the danger o f  the weakest 
cell reversing its polarity and chemically 
burning itself out. I f  one cell does go 
dead, it is suggested you replace the 

'Donald L. Stoner, WGTNS, "High-Stability 
Crystal Oscillator," ham radio, October, 
1974, page 36. 

The new MFJ 1030 BX receiver pre- 
selector sets a new standard of per- 
formance! It dramatically improves 
weak signal reception, significantly 
rejects out-of-band signals, and re- 
duces image response. You'll be 
able to  clearly copy weak, unread- 
able signals. (Increases signal 3 to 

5 "S" units). Its strong signal handling ability allows you to reduce 
your receiver RF gain. This results in reduced receiver cross modulation 
and overloading in presence of strong signals while still maintaining 
excellent signal to  noise ratio. Since most receivers are entirely ade- 
quate below 10 MHz, the pre-selector is optimized to cover the 10 to 
30 MHz region. Simply connect between antenna and receiver or be- 
tween transmit-receive relay and receiver input of any transceiver. A 
9 volt Transistor battery provides months of operation. 

Look at these special features from 
s t ron l  signal handling ability. 
Uses protected dual gate MOSFET for ultra low noise, high useful gain and 

Gain 1s 20 dB minimum. typically 25 dB. 
Noise figure is less than 2.5 dB. 
High Q double tuned circuits. 
A unique feature: separate input and output tuning controls provide m8xlmum 
gain and selectivity by eliminating the inherent tracking problem o f  a dual 
gang capacitor. More expensive, but worth it. 
Completely stable. 
Only high quality parts used. 
Pre-selector is bypassed in off position. 
Housed in attractive Ten Tec box. eggshell whlte with wood grain end panels. 
2-1/8" x 3-5/8" x 5-9/16". 
Unconditionally guaranteed for one year. 

1030 BX ....................................................................... $49.95 
Please add $1.75 for ship Ing and handling. 

Order Now - NO RISK - 30 Day Money Back guarantee - or send for FREE brochure 

SUPER LOGARITHMIC SPEECH PROCESSOR 

MODEL LSP-520BX MODEL LSP-520BXll 
UP TO 400% MORE RF W W E R  Is yours with this plug-in unit. Simply plug LSP. 
520BX into the circuit between your microphone and transmitter and your voice 
suddenly is transformed from a whisper to a DYNAMIC OUTPUT. 
Look what happens to the RF Power Output on our NCX-3. It was tuned for normal 
SSB operation and then left untouched for these "before" and "after" osclllograms. 

Fig. 1 SSB stgnal before processing. Fig. 2 SSR s~gnal  after processing 
See the htgh peaks and the low vaC with LSP-520BX. The once weak val. 
leys. Our NCX-3 is putting out only leys are now strong peaks. Our NCX-3 
25 watts average power. now puts out 100 watts of average 

power. 
Three active filters concentrate power on those frequencies that yield maximum 
intelligence. Adds strength in weak valleys of normal speech patterns. This is ac- 
complished through use of an IC logarithmic amplifier with a dynamic range of 
30dB for clean audio with minimum distortion. 
This unit is practically distortion-free even at 30dB compression! The input to  the 
LSP-520BX is completely filtered and sh~elded for RF protectton. 
Size is a mere 2 3/16H x 31hW x 40. Money back if not delighted and ONE YEAR 
UNCONDITIONAL GUARANTEE. Order now or wrlte for FREE brochure. 

LSP-520BX .............................................. ... ............................................................... $49.95 
............................................................................................................. LSP-52OBXll $59.95 

This unit ~ncludes all the features outlined above and then some. A Rotary function switch, an 
alternate phone iack, and a beautiful 2-1/8" x 3-5/8" x 5-9/16" Ten-Tec enclosure are the 
bonuses included in this option. ADD $1.75 SHIPPING & HANDLING 

Here's another product from the beautiful MFJ line: SSB FILTER 
This filter, packaged very much like the Speech Processor above, allows you to 
select the optimum audio bandwidth to drasticall improve readability. 
SBF-2BX. assembled and tested $29.95. Write for Zee catalog on other equipment. 

4 DEALER INQUIRIES INVITED i\ 

r@' 
601-323-5869 

MFJ ENTERPRISES /4Qi'ir' - P. 0. BOX 494(H) MISS. STATE, MS 39762 



'P8HR MAIL SERVICE On .I, . Ill'. ll,.,,,,,,,, a,,,a,,,l",. 
,,,,., $:fil.lMl 

CASH REFUNDS on out 

ttches, wire. & instructions 

work1 All Carnponmls . Campktc lnscrunanr . Trandormr 
POWfR SUPPLY K I T  

uses 181056 78115 

DOUIIIC the ouluut of your cars' All the mmporPnr% vuu r w d  to hutld 

tqnblnon rynrm dual IMC w b l e  alarm bul the r p a k a  

I1 assorted one foot lengths 
of 3/64. 1/16. 118, & %" 

10 PI- .49 

whole string in series, or you may have 
further problems with cells burning out. 
I f  you can get a rundown battery to 
recharge a little, you may be able to 
cycle the battery back to health by 
recurrent discharging and recharging. It 
appears these cells may also remember 
how you treat them. Treat them rug- 
gedly, and they will be rugged; treat 
them kindly, and they wilt away. 

monitor receiver 
modification 

I would like to elaborate on the 
W3WTO article in the January, 1975, 
issue of ham radio.* In this unit the 
local oscillator is 10.7 MHz below the 
162 MHz received frequency, at about 
151 MHz. By slightly spreading the 
turns of the oscillator coil, it can be 
moved to the range of 156 to 159 MHz, 
10.7 MHz above the two-meter band. 
The present tuning arrangement covers 
about 3 MHz, or 145 to 148 MHz if the 
coil is  carefully adjusted. 

Weather Monitor tunes from 145 to 140 MHz. 

Since the rf coils were previously 
peaked a t  162 MHz, sensitivity on two 
meters can be substantially improved by 
replacing the rf coils using the same size 
wire and coil diameter. L1 and L2 
should have one additional turn and L3 
should have two additional turns. Care- 
fully adjust the length of the new coils 
for optimum sensitivity. 

While the unit works well with i ts  self- 
contained antenna, I added a phono jack 
for convenient connection to an external 
antenna. 

It really gives quite good perform- 
ance for a tunable, $15 two-meter 
receiver. 

Lowell White, W2CNQ 

*Kent Mitchell, W3WTO. "Return Weather 
Monitor Receiver for Two-Meter FM," hem 
radio, January, 1975, page 56. 
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It's the way to grow 
Everybody wants the ultimate ham 
station, but the only way most of us 
are going to get it is to start now and 
grow into it. 

And the best way to start is with 
our 700CX. 

T h e n  you ' l l  h a v e  an  exce l l en t  
transceiver with 700 solid watts P.E.P. 
input of SSB power at the lowest cost 
per watt-about a buck-of any com- 
parable equipment. 

And when you're ready to add 
capability and features, plug in or 
hook up Swan accessory equipment 
for easy expandability. 

For instance, just plug in our 510-X 
crystal oscillator when you want 
extra frequency coverage. If your 
kind of traffic calls for separate trans- 
mit and receive frequencies, our 508 
VFO is made for your station. Want 
VOX? Plug in the Swan  VX-2 and 
start talking. Or  hook u p  our  FP-I 

telephone patch in minutes. 
And when you're ready for that big 

jump to all-the-law-allows, our 2000- 
watt P.E.P. input Mark 11 linear amp 
is waiting in the wings. 

Add  o u r  comple te  se lect ion of 
power supplies, microphones and 
other options and you've got every- 
thing you need for a full-house rig in 
matching specs and matching decor. 

So your ham station will look and 
perform like i t  belongs together. 

With the 700CX you'll never be 
t r o u b l e d  b y  t h i n g s  l i k e  c r o s s -  
modulation and front-end overload 
because the design is excellent. All 
bands from 10 to 80 meters with se- 
lectable upper o r  lower sideband, 
AM, or CW with sidetone. 

Get started on your dream rig to- 
day. See the 700CX at your nearest 
Swan dealer or order direct from our 
factory. 

700CX Champion TransceiverS649.95 
117-XC llOV AC Power 

Supply. .  . . . . . . . . . . . . . . . . $159.95 
(includes Speaker and Cabinet) 

117-X llOV AC Power 
Supply. . . . . . . . . . . . . . . . . . $114.95 
(less Speaker and  Cabinet) 

510-X Crystal Oscillator . . . . $ 67.95 
508 External VFO . . . . . . . . . . $269.95 
VX-2 Plug-In VOX . . . . . . . . . $ 44.95 
FP-1 Telephone Patch . . . . . $ 64.95 
Mark 11 Linear Amplifier. . . . $849.95 

(complete with 110/220 VA(;  
power supply and tubes) 

Dealers throughout thr worltl 
or order direct lrom 

@ E L E C T R O N I C S  

Home Office: 305 Airport Road. Oceansidc. CA 92054 

Telephone: (714) 757-7525 
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CRYSTAL FILTERS 

and 

@ 
by 

DISCRIMINATORS KwVwGw 
10.7 MHz FILTERS, 8 POLE 10.7 MHz FILTERS, 4 POLE 10.7 MHz DISCRIMINATORS 
XF107.A 14kHz NBFM $40.60 XM107.SO4 14kHz NBFM $18.95 XD107-01 30kHi  NBFM $23.20 
XFlO7-B 16kHz NBFM $40.60 10.7 MHz FILTERS. 2 POLE XD107-02 50kHz WBFM $ 23.20 
XF107.C 32kHz WBFM $40.60 
YFln7.n 7 R k W 7  WRFM <An fin XF102 14kHz NBFM $7.95 Exporf Inquiries Invited I . . . - - . - - - . . . . - . . - . . . . . - . - - 
XF107-E 42kHz WBFM $40.60 SOCKET (for XM 107.S04) type DG1 $1.50 Shipping 50d per filter I 

VHF CONVERTERS UHF I 
MMc 50 MMc 144 MMc 220 MMc 432 MMc 1296 Power 12V D. C. 

RF Frel.  (MHz) t 50-54 144-148 220-224 432.436 1296-1300 11Ln x 22%" x 4%" + connectors 
IF Freq. t 28.32 28-32 28-32 28-32 28-32 Very low N. F. unlts on specla1 order. 
N.F. (typical) 2.5dB 2.848 3.4dB 3.8dB 9.0dB tother  ranges, amateur & commercial, 
Nom. G a ~ n  30dB 30dB 26dB 2848 20dB to  order. 

$49.95 $53.70 $64.45 $64.45 $75.95 Shipping: Converters. $1.50 

MMa 28 
VHF PREAMPLIFIERS 

MMa 50 MMa 144 MMa 220 Power 12V D.C. at 20ma typical 
Freq. Range (MHz) 28.30 50-54 144.148 220-225 1%"  x 2%" x 4%" plus connectors 
Nom. Gain 22dB 20dB 1668 15dB Specifications apply to  50 ohm input/ 
N. F. (typical) 2.0dB 2.5dB 2.8dB 3.4dB output system. 

$ 37.95 $37.95 $37.95 $42.15 Shipping $1.50 

FOR 420-450 MHz AND 1250-1340 MHz BANDS. WRITE FOR DETAILS. 

UHF PRE-SELECTOR FILTERS 
MODEL PF432 PF1296 

FREQ. RANGE 420-450 MHz 1250-1340 MHz 
RIPPLE TYP. O.ldB PEAK O.ldb PEAK 
I. L. TYP. 0.15dB 
CONNECTORS BNC 
IN/OUT IMPEDANCE 50 OHMS 
Shipping $ 1.50 $34.95 

0.2dB 
TNC 

50 OHMS 
$34.95 

SPECTRUM 

si INTERNATIONAL, INC. 
BOX 1084 CONCORD 
MASSACHUSEITS 01742 I 

The new Low Pass Filter is more than 80 dB down at 41 MHz 
and above! This is the third harmonic of 20 meters and the 
second harmonic of 15 meters-it's also the I.F. frequency for 
TV! The popular TV-1000-LP provides for low power oper- 
ation on 6 meters and thus cannot roll-off below 52 MHz. 

Write for the TV-3300-LP curves. 

See your Dealer. 
For more information please contact: p= 
RD LD DRAKE COMPANY a 
540 Richard St., Miamisburg. Ohio 45342 Phone: (513) 866-2421 Telex: 288-017 

THE TIGER 
1 5 O / 0  Savings on Gas 

A Capacitive Discharge Ignition system absolutely 
guaranteed MOT to interfere with your radios & 
equally guaranteed to improve your auto's opera- 
tion and gas mileage. 

No rewiring necessary. Engine cannot be damaged 
by improper installation. Either of three models 
fits any vehicle or stationary englne with 12 volt 
negative ground, alternator or generator system. 
Uses standard coil & distributor now on your 
engine. Dual switch permits motor wo* or Wne-UP 
with any standard test equipment. 

Write for free booklet that not only is the BEST 
description of CDls, but also explains the need 
for such a system. Current prices assured ti1 
July 1, '76. 

rm 0-0 ENTERPRISES -- 
P. 0. Box 7776 

San Francisco, CA 94119 
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with the Atlas transceiver! 
5510 5 5 2 0  *HI 5 5 5 4 0  

The selectivity curve above looks phenomenal, especially 
when compared with ordinary filters. What makes it even 
more phenomenal is that it is a true graph of the overall 
selectivity of the Atlas transceiver, not just a graph of a 
filter operating in a special test fixture under laboratory 
conditions. 

THE SUPER SELECTIVITY of the Atlas transceivers is 
provided by an 8 pole crystal ladder filter designed espe- 
cially for Atlas by Bob Crawford of Network 
Sciences, Phoenix, ---3- 

Arizona. This filter 
represents a major 
breakthrough in filter 
design with unprece- 
dented skirt selectivity 
and ultimate rejection. 
perior selectivity has been 
to take full advantage of th 
range of signal leve6 that the Atlas front end ircapable 
of handling. 

THE 6 db BANDWIDTH of 2700 cycles was purposely 
selected to provide audio response from 300 to 3000 
cycles in both transmit and receive modes (it has been 
proven that transmission and reception of voice frequen- 
cies between 300 and 3000 cycles provides a substantial 
improvement in readability under noisy or weak signal 
conditions, as compared to narrower bandwidths). At the 
same time, the improvement in fidelity of voice commu- 
nication is readily noticeable, and accounts for the 
constant reports of "broadcast quality" from Atlas trans- 
ceivers. Unfortunately, many receivers with narrower 
bandwidths cannot fully appreciate the audio quality of 
the Atlas transmitter. It takes 2700 cycles of bandwidth to 
get all of the quality, and the Atlas transceivers are 
among the few that have this ideal bandwidth. 

SKIRT SELECTIVITY. The 8 pole ladder filter provides 
a bandwidth at 60 db  down of only 4300 cycles (shape 
factor of 1.6) and a bandwidth of only 9200 cycles at 
120 db  down! No other filter that we know can even list 
their 120 db Bandwidth. Note that the Atlas filter is 
narrower at these levels than other filters, even though 
the others provide less bandwidth at 6 db. 

ULTIMATE REJECTION is in excess of 130 db, greater 
than the measuring limits of most test equipment. 

IT IS THIS EXTREMELY STEEP SKIRT SELEC- 
TMTY, illustrated in the above graph, which rejects 
strong adjacent channel signals better than any other 
known receiver. 

Combine this amazing selectivity with all the other fea- 
tures of the Atlas, such as: Strong immunity to overload 
and cross modulation All solid state design 200 watts 
P.E.P. input Total broadbanding with NO TRANS- 
MITTER TUNING * Modular construction * Compact 
plug-in design (7 Ibs, 3%" x 9%" x 9%"), and you quickly 
see why you get so much more operating pleasure with 
the Atlas 210x/215x. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  210x or215x. W9. 
. . . . . . . . . . . . . . . . . .  With noise blanker installed. $689. 

. . . . . . . . . . . . . . . . . . . . . . .  AC Console 110/220V $139. 
. . . . . . . . . . . . . . . .  Portable AC Supply 110/220V. $ 95. 

. . . . . . . . . . . . . . . . . . . . .  Model DD6 Digital Dial. $199. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Plug-in Mobile kit. $ 44. 
. . . . . . . . . . . . . . . . . . . . . . . . .  lox Osc. less crystals $ 55. 

. . . . . . . . . .  Noise Blanker, for plug-in installation % 48. 

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

ATLAS s" '%% 
- ,  RADIO INC. 

Ask the hatn wlro owns one! 
417 Via Del Monte Oceanside, CA 92054 Phone (714) 433-1983 
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products 

general coverage 
receiver 

The SSR-1 receiver i s  a new addition 
to R. L. Drake Company's family of 
communications equipment. Several 
design features make it a good candidate 
for  portable work, general-purpose 
shortwave listening, emergency use, or 
as a standby receiver. The SSR-1 is fre- 
quency synthesized and covers 500 kHz 
to 30 MHz, providing reception in the 
a-m, CW, and ssb modes, with selectable 
upper or lower sidebands. 

The SSR-1 is completely self con- 
tained including built-in speaker, remov- 
able telescoping antenna, 1171234 Vac 
50 to 60 Hz power supply, and pro- 
vision for eight D-cell batteries. With 
batteries installed, the SSR-1 switches 
automatically to battery operation if ac 
power fails. To conserve battery power, 
the SSR-1 features a front-panel push- 
button switch that must be depressed to 
illuminate dial lights. 

More information may be obtained 
by writing to the R. L. Drake Company, 
540 Richard Street, Miamisburg, Ohio 
45342, or use check-off on page 1 10. 

up/down counters 
ESE is now producing the ES-301 

and ES-302 digital upldown counters. 
Both are four-digit, 100-minute timers 
featuring four gas-discharge displays for 

display up to 99:59. Six separate con- 
trols count up, count down, stop, min- 
utes advance, seconds advance and reset. 
The controls are momentary push- 

, button switches. When the stop control 
is pressed, the display is  automatically 
held at the precise second. Both the 
ES-301 and the ES-302 may be preset 
to a desired number for a specific count, 
and timing can be activated from that 
point, up or down. Desired numbers on 
the ES-301 can be preset by advancing 
the minutes and seconds simultaneously 
or independently. Lever wheel type 
switches instantly preset the number on 
the ES-302. 

Depressing the reset button on both 
units returns the numbers to 00:OO 
from which they will continue counting 
up or down, unless the stop button is  
pushed. Both units may be equipped 
with an option that returns the number 
to the preset digits when the reset is 
activated. Counting direction (up or 
down) on both units can be reversed or 
reset to 00:OO without stopping the 
count. 

Both the ES-301 and ES-302 come in 
an etched aluminum case with simulated 
walnut sides and top. Power for both is 
7 watts maximum, 117 Vac at 60 Hz. 
The ES-301 and ES-302 are efficiently 
designed for constant, daily use, utiliz- 
ing solid state reliability, silence, easy 
operation, high accuracy, long life, low 
initial cost and operation. 

For detailed catalog sheets contact 
ESE, 505% Centinela Avenue, Ingle- 
wood, California 90302 or use check-off 
on page 1 10. 

wideband rf 
transformers 

Communications Power is offering a 
complete line of wideband rf trans- 
formers designed specifically for impe- 
dance matching in high-power solid- 
state amplifiers. The transformers cover 
1.8 to 30 MHz and are rated at 150 

watts. Extremely rugged construction 
assures reliability in any environment. 
Applications include marine as well as 
military and amateur radio communica- 
tions equipment. 

H igh-volume manufacture means 
lowest prices. The following example is 
representative of CPI wideband r f  trans- 
formers available f o r  immediate 
delivery. These units all have turns 
ratios of 1 :3, 4, 5, or 6 and cover 1.8 
through 30 MHz: 

power rating prim 
series (watts) (1 - 4 pieces) 

RFlOOO 150 $5.00 
RF800 100 4.00 
RF600 5 0 3.50 
RF400 2 5 2.50 

Information on other types i s  avail- 
able on request. Write Communications 
Power, Incorporated, 2407 Charleston 
Road, Mountain View, California 94043, 
or use check-off on page 1 10. 

fm signal generator 
The Edison Electronics division of 

McGraw-Edison Company has devel- 
oped a solid-state fm signal generator 
that covers all the mobile communica- 
tions frequency bands allocated by the 
FCC. Four models are offered, designed 
to  your specific carrier-frequency needs. 
Each model has six frequency bands. 
The model 800A covers 25 to 960 MHz; 
model 801A. 25 to 470 MHz; model 
802A. 25 to 175 MHz; and the model 
803A. 25 to 520 MHz. Any desired fre- 
quency can be quickly obtained by first 
selecting one of the six frequency 
bands, then tuning the coarse tuning 
control until the desired frequency ap- 
pears on the hand-calibrated tuning dial. 
Finally, narrowband adjustments may 
be made with either an electronic fine 
tuning control or incremental frequency 
controls. 

Output voltages are provided with ac- 
curacy traceable to NBS. Output is con- 
tinuousl y variable between 0.1 micro- 
vo l t  and 0.1 volt. A temperature- 
compensated bolometer circuit main- 
tains output voltages automatically. Ac- 
curate receiver sensitivity measurements 
can be made to 0.1 microvolt. 

The Measurements Model 800A se- 
ries fm signal generators feature internal 
modulators that provide fm at 1000-Hz 
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NOW OFFERS A FULL CHOICE 

sine waves or 20-Hz sawtooth waves. I FOR THE VHF FM'er! 

External modulation between dc and 30 
kHz may be applied through binding 
posts on the panel. Sync output and 
sync phase are available for external 
modulation up to -+32 kHz peak devia- 
tion so that dual-trace sweep alignment 
may be used. 

All four models are available at 
$992,00 FOB Manchester, New Hamp 
shire. For a brochure providing more 
technical details write Edison Elec- 
tronics, Grenier Field, Manchester, New 
Hampshire 03103 or use check-off on 
page 1 10. 

tone encoding 
keyboards 

Four new tone encoding keyboards 
have been introduced by Electrografix 
for vhfluhf installations where access is 
required to amateur autopatch re- 
peaters. Designated TEK-125, -165, 
-225, and -265, the series incorporates 
the cmos IC developed by Motorola: the 
MC14410 digital tone encoder. 

The pads provide a compact, accu- 
rate, low-power, digital tone encoding 
system with a full 2-of.7 or 2-of-8 
encoding format from a basic 1-MHz 
crystal oscillator. A unique key pad 
switch complements the anti-falsing 
lockout feature of the Motorola IC. 

The two smaller pads, TEK-125 12 
button and TEK-165 16 button, are for 
use with hand-held transceivers or other 
small units. TEK-225 and TEK-265 are 
much larger and are intended for instal- 
lation in remote-control panels, repeater 
sites, or on vehicle dash panels. All units 
are 0.40 inch (10.2mm) thick. External 
dimensions are: TEK-125, 1.58x2.08 
inches (40x52.8mm); TEK-165, 
2.08x2.08 inches (52.8x52.8mm); TEK- 
225, 2.05x2.70 inches (52x68.6mm); 
T E  K - 2 6 5 ,  2 . 7 0 x 2 . 7 0  inches 
(68.6x68.6mm). 

Also featured are a glow-in-the dark 
keyboard face and a LED in the bezel 

The Unequalled 

FUPpJZ 
$645.00 

35 Watts 143.5 to 148.5 MHz Digital Display 

Fully Synthesized in SKHz Steps .25 uv Receiver 

15 Watt 

for 146 MHz 
10 Watt m d  

for 220 MHz 

THE f&q ECONOMY LINE 
12 Channels - ONLY $189.50 for either Model 

(special package prices for club groups) 

The Best Value in Hand Helds. 

1.5 Watts 5 Channels e.35 uv Receiv 
PRICED LESS THAN THE KITS 

ONLY $160.00 w/Ant. & 52 Simplex 
& Battery Pack 

ORDER FROM CLEGG DIRECT, 

WE SHIP WITHIN 24 HOURS! 
WE PAY DOMESTIC SHIPPING! 

FOR DETAILS ON ANY OR ALL OF THESE PRODUCTS 
PHONE US TOLL FREE TODAY. 

208 ~enterville Road, Lancaster, PA 17601 
Toll free sales 81 services - Phone (800) 233-0250 

In Pa. call (717) 299-7221 (collect) 
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GET TO 
THE TOP 

FAST! 
NOW YOU CAN CHANGE, 
ADJUST OR JUST PLAIN WORK 
ON YOUR ANTENNA AND 
NEVER LEAVE THE GROUND! 

Rohn manufactures towers that 
are designed and engineered 
to do specific jobs and that is 
why we have the FOLD-OVER 
TOWER.. . designed for the 
amateur. When you need to 
"get at" your antenna just turn 
the handle and there it is. Rohn 
"fold-over" towers offer unbeat- 
able safety. These towers let 
you work completely on the 
ground for antenna and rotator 
installation and servicing. This 
eliminates the hazard of climb- 
ing the tower and trying to 
work at heights that could 
mean serious injury in a fall. 
So use the tower that reduces 
the risks of physical danger 
to an absolute minimum.. .the 
Rohn "fold-over"! 

Like other Rohn big communi- 
cation towers, they're hot dip 
galvanized after fabrication to 
provide a maintenance free, 
long lived and attractive instal- 
lation. Rohn towers are known 
and used throughout the world 
. . . for almost a quarter cen- 
tury. . . in most every type of 
operation. You'll be in good 
company. Why not check with 
your distributor today? 

face to indicate when a tone has been 
generated. The LED also functions as a 
battery-level indicator. The keyboard 
face i s  nonradioactive, and when ex- 
posed to normal sunlight or other simi- 
lar light, it will glow up to eight hours. 
The phosphor green color is highly visi- 
ble and legible under al l  lighting condi- 
tions, from bright sunlight to total 
darkness. Other colors are available in 
quantity purchases. 

The TEK series tone-encoding key- 
boards have gold-plated circuit boards, 
single-unit molded ABS plastic bezels 
and cases, and an externally adjustable 
level control. Combined operating cur- 
rent for the tone generator and LED 
indicator is less than 13 mA. When 
operating as a battery-level indicator, 
the LED current drain is less than 8 mA 
at the rated input of 6 to 16 Vdc. Out- 
put level i s  a 0 to 600 mV p p  com- 
posite waveform, which will modulate 
any transmitter. The TEK-165 weighs 
less than 0.9 ounce (279). 

The TE K key boards are complete 
and ready to go. Only three electrical 
connections are needed a t  the trans- 
mitter: audio, B+, and ground. Mech- 
anical installation i s  simple - either by 
self-tapping screws or adhesive strips 
provided with each unit. 

The single-unit l i s t  price for TEK-125 
is  $57.50; for TEK-165 it i s  $65.00. The 
TEK-225 and 265 prices are available on 
request. For additional information, 
write Electrografix, Inc., P.O. Box 869, 
Chino, California 91710, or use check- 
off on page 1 10. 

semiconductor 
replacement guide 

This book is designed to fill a gap in 
the information available to amateurs 
and electronics technicians. It provides 
general-purpose replacements for manu- 
facturers' semiconductor parts numbers. 
Over 15,000 semiconductors used in 
entertainment-type electronic equip- 
ment are cross-referenced to the uni- 
versal replacements produced by Gen- 
eral Electric, International Rectifier, 
Mallory, Motorola, RCA, Sprague and 
Sylvania. Included are bipolar and field- 
effect transistors, diodes, rectifiers, and 
integrated circuits. 256 pages, soft- 
bound, $3.95 from Ham Radio Books, 
Greenville, New Hampshire 03048. 
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solder remover 

You can de-solder any soldered joint 
merely by placing your iron atop a spe- 
cial braid, called Wik-It, which in turn is 
laid on the soldered joint. In a second or 
two the solder simply disappears into 
the special braid. The soldered joint i s  
now clean and free of solder, ready for 
the next operation. 

Wik-It is  a patented solder remover 
developed by the Wik-It Electronics 
Corporation. Because of special chemi- 
cal treatment of the braid, the solder to 
be removed is drawn into the braid 
through capillary action. When the 
solder has been removed from the joint, 
the user just snips off about a half-inch 
of Wik-It which is then ready to be used 
again. 

Because the solder removal occurs so 
quickly, little heat i s  transferred to the 
surrounding material, whether it be 
mounting board or wire insulation. As a 
result, Wik-It eliminates delamination. 
lifted pads, and measling which are all 
too often seen with de-soldering at -  
tempts. Flux contamination and compo- 
nent-damage are also eliminated by the 
quickness of the Wik-It method. 

Wik-It has been thoroughly tested for 
over two years in manufacturing com- 
panies and i s  approved for use in mili- 
tary and aerospace work since i t  meets 
specification MI L-F-14256C Type W 
and Type A. 

Wik-It i s  available in different sizes to 
suit small transistor and IC applications 
as well as larger tube and heavier-size 
wire work. Wik-It comes in various 
lengths from 5 to 100 feet. The price of 
a 5-foot roll of Wik-It i s  from $1.59 to 
$1.79, depending on width, and i s  avail- 
able in electronics supply stores or from 
the manufacturer. Free samples are 
available upon request. 

For more information, contact Wik- 
I t  Electronics Corporation, 140 Com- 
mercial Street, Sunnyvale, California 
94086, or use check-off on page 1 10. 

7 and 11 ELEMENT YAGIS: Cut 
and tuned for FM and vertical 
polarization. Rated at 1000 watts 
with direct 52 ohm feed, quick, 
neat assembly. 220-225 MHz 1-R 

I Wt/turn radius 5 Ibs. 51" 21bs. 70" I , "%%% 

1 Net Pr~ce 822.95 $18.95 1 

I STACKING KITS: For two verti- 
cally polarized yagis, gives 3 dB 
qain over the single antenna. I 

I A220-VPK com~ie te  kit $19.95 1 
A21 -SK coaxial'harness only 

$13.95 

OMNIDIRECTIONAL G A I N  
RINGO: 3.75 dB gain half wave 
antenna direct dc around. 52 

MODEL AR-220-220-225 MHz, 
length 30". wt. 3 Ibs., power 100 
watts, wind area .20 sq. ft. 

$18.50 net 
FOUR POLE: 9 dBd Gain offset, 
6 dBd omni Dattern. Excellent 

POWER PACK: 22 element array 
for 220 FM, with mounting boom, 
harness and all hardware. Gain 
16 dBd F/B ratio 24 dB beam 
width 42O , dimensions 102" x 
50" x 27". weight 12 Ibs., 52 ohm 
feed . A220-22 $56.50 

I Mount on pipe or tower. MODEL 

wind area 1.85 sq. ft. $52.50 

RING0 RANGER: A 6dB gain 
antenna with three half waves. 
Ranger gives an extremely low 
angle of radiation for better signal 
coverage. Perfectly matched to 
52 ohm coax. 4.5 dBd - 6dB ref. 
% wave whip. 
ARX 220-220-225 MHz. $28.50 
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/ SUPER THUNDERBIRD 
The UltimateTri-Band 

No other antenna gives you performance on 10, 15 and 20 meters equal to the 
TH6DXX Super Thunderbird. It's built, without compromise, to be electrically and 
mechanically superior to everything else. 

Separate "Hy-Q" traps are used for each band and they are factory tuned for 
peak performance. You can get optimum results on transmission, phone or CW, 
with the easy-to-use tuning charts we supply. 

The cast aluminum, tilt-head, boom-to-mast bracket accommodates masts from 
1%" to 21/2" and provides mast feed-through for stacking with other antennas. 
Taper-swaged, slotted aluminum tubing is used for easy adjustments and light 
weight. Full circumference compression clamps are used throughout, instead of the 
usual, self-tapping screws. All element-to-boom brackets are formed from extra 
heavy gauge aluminum. 

Hy-Gain's exclusive Beta Match is used to give optimum matching on all three 
bands and a positive DC ground path. 

For tri-band DX, nothing can beat the Super Thunderbird. 

Up to 9.5 dB gain over 1/2 wave dipole 
3 active elements on 20 and 15 meters 
4 active elements on 10 meters 
25 dB front-to-back ratio 
SWR less than 1.5:1 on all bands at resonance 
24' boom, 20' turning radius 
6.1 sq. ft. surface area, net weight 61.5 Ibs. 
For best results, always use a BN-86 Balun 

6-element Super Thunderbird Order No. 389 
3-element Thunderbird Order No. 388 
3-element Thunderbird Jr. Order No. 221 
2-element Thunderbird Order No. 390 

Hy-Gain Electronics Corporation 8601 Northeast Highway Six; 
Lincoln. NE 68505; 4021464-91 51; Telex 48-6424 
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PALMER INDUSTRIES 
INTRODUCES 

THE 
-7-- 

TRISTAO 

SUPER 
MINI-MAST.. . 

featuring an exclusive three- 
s e c t i o n ,  c r a n k - u p ,  s e l f -  
supporting 52' mast with auto- 
matic brake winch. Constructed 
of telescoping 20 foot sections of 
high-strength steel tubing, de- 
signed to withstand winds of 50 
to 60 MPH when fully extended 
or higher winds when partially re- 
tracted. 

Only the Tristao Mini -Mast  
features as an exclusive option, a 
rotating base assembly - which 
adds an additional 2Y2' to height 
of the mast. Rotor may be 
mounted at ground level for easy 
operation. 

We offer a complete assortment 
of accessory bases and raising fix- 
tures for the Mini-Mast. 

1 AVAILABLE FOR 
IMMEDIATE SHIPMENT 

40' MODEL ALSO IN STOCK 

Call or Write for FREE Catalog and 
Price List 

TRISTAO TOWER 
DIVISION 
Palmer Industries, Inc., 
Dept. HR 

A 415 East 5th Street 

. . - -  P.O. Box 115 
;. .:.; . . . . . _.:. Hanford, California 93230 

(209) 582-901 6 

IC OP-AMP COOKBOOK 
by Walter G. Jung 

Sure to  become one of the more important works in 
this field, this large new book really covers Op-Amps 
in  great detail. You will learn about general purpose 
and special purpose devices. You will be given many 
dozens of useful applications and circuits. Also in- 
cluded are data sheets for general purpose Op-Amps 
and a linear IC cross reference guide. 576 pages. 

Order 20969 $12.95 
TTL COOKBOOK 

by Donald E. Lancaster 
Another smash hit from the author of the RTL Cook- 
book. The author gives you the background you need 
to best use these devices in your projects. Great stress 
has been placed on the practical side making this an 
outstanding experimenters book. 

Order 21035 $8.95 
RTL COOKBOOK 

by Don Lancaster 
This book will show you how to  understand and In- 
telligently use RTL d~gi ta l  ICs for practical, everyday 
electronics projects. This book also shows you the 
concepts of digital ICs - how they work, how to 
use and design with them. 

Order 20715 Only $5.50 
ACTIVE FILTER COOKBOOK 

by Don Lancaster 
Here is a practical, user-oriented manual giving you 
everything you need to  build your own active filters. 
I t  explains the many different types and how to  select 
the best one for your application. Written by the same 
author as the best selling RTL and TTL Cookbooks. 

Order 21168 Only $14.95 

ham 
I radio 
I 

I Greenville, NH 03048 
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5 WAYS TO STOP 
WASTING TIME IN 
ELECTRONICS. 

1 Stop wasting your time soldering. Save popular solderless breadboarding system 
hours of soldering, desoldering, re- . . . our Proto-Board'qine. For just $15.95: 
soldering with QT sockets and bus you can have our PB-6 Proto-Board kit. 
strips. Connect and disconnect Takes about 10 minutes to assemble, 

resistors, capacitors, transistors, IC's etc., and gives you 630 
literally as fast as you can push in solderless QT 
-or pull out-a lead. Make terminals. On the other w",? end of the spectrum 
instant interconnections 
with short lengths of wire. ., 

'- 

is our giant PB-104, 
And interlock sockets with 3,060 

solderless and bus strips for 
terminals infinite expand- 

ability on bench, ' ,$ ,  I , . .. for $79.95: 
chassis, plug-in cards, &.:,:;;:::~;!;, ..,A* 

or only 2.60: apiece! You can 
etc. At $2.00-12.50: you'll @I. ; ; -  choose from a variety of models, 
wonder how you've done ...: . . . . f with or without regulated power .:::. -" _ _ . .. :.. I without them! . .  , ..;::. Y .::;: . .,. .. . supplies. 

2 
''.3$,qf&;,,, ;. ;. . 

Stop wasting . .... .. .... ..::>:.:. . . 5 Stop wasting your 
your time design- . ..... time testing. 
ing circuits. Design You can own the test gear you 
Mate" 1 will help, by n e e d  at economical 

providing you with QT hookup versa- prices. Our Design Mate 2, for instance, 
tility (see above), a continuously-variable gives you a 3-waveform function 
5-15V, 600mA 1%-regulated supply, and a generator- 
vo~tt'-neter to monitor supply or circuit. Plug sine, square and triangle-from 

it in, turn it on and 1 Hz to 100 kHz.. .for just 
start designing more 
by soldering less. At 
$49.95: you can 

ord to. 
Stop wasting 
your time testing. 
On Dl P IC's, 

.findins the lead 
you want-and making sure you aon't short 
others-can be as delicate as 
surgery. Until you discover 
our handy Proto-Cl i p" 
. . .the instant, short- 
proof way to test IC's . 
up to 24 pins. 
Available without cable or 
with cable, they're the mos 
economical and foolproof I 
test aids on the market. -u 

4 Stop wasting your time bread- 
boarding. Small budgets or big 
requirements are no obstacle to 

o w n i n g  and enjoying today's most 

$64.95: 
Design Mate 3 
R/C bridge pro- 
vides 5%- 
accurate 
measurements 
of unknown resistors 
and capacitors f 
to 10 meg and 10 pF to 1 uF, with 
built-in LED null indication. Price is a "m~cl 
$54.95* And as you're reading this, we're 
busy adding new low-priced, high- 
quality Design Mates. 

Stop wasting your time reading. Send for 
the complete CSC catalog and dis- 
tributor list.. .and start making more of 
your time in electronics. 

"Manufacturer's recommended retail. 

44  KcwIa l l  Slrf.t>l Box 1942 
New Haven, CT 06509 l 203-624-3103 T W X  710-465-1227 

West Coast off~ce Box 7809 San Franc~sco. CA 
94119 0415-421-8872 TWX 910-372-7992 

Q 1975 Continental Specialties Corp. Canada ~ e n ~ ~ n k l e r  Ltd . Ontarlo 
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r NOW - SEE MORSE CODE DISPLAYED - 
AUTOMATICALLY - AT SELECTED SPEED - 

O n e  e a s y  c o n n e c t i o n  from your s p e a k e r  to 
t h e  A l p h a - N u m e r i c  D i s p l a y  of your C o d e  
R e a d e r  C R - 1 0 1 .  D i s p l a y s  a l l  l e t t e r s ,  nurn- 
bers ,  p u n c t u a t i o n .  O p e r a t i n g  s p e e d  5 
50 WPM. E a s y  to u s e  t e a c h i n g  a i de .  
H a n d i c a p p e d  p e r s o n s  can l e a r n  n e w  1 

-- 
MODEL KR50 
SUPERLATIVE "FEEL" 
5-50 GUMS PADDLE FORCE 
AUTOMATIC OR 
MANUAL WEIGHTING 
011 AND DAH MEMORIES 
WITH SEPARATE DEFEATS 
"STRAIGHT KEY" OVERRIDE 
FOR IlRS OR TUNE.UP 
GUARANTEED FOR LIFE 
BEARING PIVOTS 

A sparkl~ng new keyer wi th  a 
hos t  o f  e x c i t i n g  f ea tu res .  A 
powerful aid t o  cleaner, more V 
articulate CW that is  relaxing t o  
use and a joy t o  copy. 

s k i l l s .  C R - 1 0 1  l a r g e  .6 in r e a d o u t  
I - $225.00. C R - 1 0 1  A h a s  s m a l l -  

e r  .2 in r e a d o u t  - $195.00. 
TU-102 TTY i n t e r f a c e  pro- 

v i d e s  CR, LF, f i g u r e s  a n d  l e t -  
$85.00. 6 Month G u a r a n t e e  

TRONICS BOX 77, ESCONDIDO, CA 92025 

The paddle assembly wi l l  delight the CW purist KR~O.A 
as as Ihe recent graduate a bug Or Paddle has unique principle 
hand key. The S~per la t ive  "feel" is  attained by w ~ t h  excellent feel for rhyth- 
a magnetic return force, instantly adjustable t o  mlc CW. Characters are self- 
exactly the r ight touch for you. completing. Bit weighting 1s 

Weighting, the rat io of d i t  and dah (bits) lengths ipii",':?dk:o,' b",";?b91 ",",',",""v 
t o  the spacing between them, is  either automa- n l en t l y  located f o r  hand 
t ical ly or manually in the amtomatic posi. sending. Slde tone slanal 
tion, i t  is programmed to  lengthen the b i ts  at slow ~ , " , 9 " , p , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
speed for enhanced smoothness and decrease them voc; H W D  2vl" x 4V2,' X 
as you advance the speed, for  highest art iculat~on. 8'4 0 Wt. 2% Ibs. 
Or, i t  can be adjusted t o  a constant value. PRICE $67.50 

The KR50 is  versatile. Dit  and dah memories are 
provided for fu l l  iambic (squeeze1 key~ng. Either KR5.A 
di t  or dab. or both, may be turned off fo r  opera- s imi lar  t o  the KRPOA but 
t ion as a conventional type keyer. Self.completing without monitor signal and 
characters a t  al l  times. AC power supply. A great 

A convenient ..Straight key" is built-in for QRS value. For 6-14 VDC operation. Stze HWO 2" X 4" X 6". 
sending or tune-up. Also an internal side-tone and Weight: I *  Ibr. 
llSVAC/12VOC operation is  provjded. PRICE $38.50 

The KR50 is  designed t o  have a permanent place 
i n  your shack for the years, perhaps decades, 

RAOlO AMATEUR 

Lake  Bluff. 111. 60044 

KR1-A 
This is the paddle mechanism 
used in the KR50. Requlres 6- 
14 VDC for adlustable electro- 
maenetic paddle return force. 

de':?:',"Abqcc~:t:",l,Y~",~~d~!i 
keyers. "Stra~ghf key" but. 
ton. Housed in an attractive 

p":::;, ~~~u;'$:I'"l~~. 
2.. X 4" x 6", Wt. I *  Ibs. 

PRICE $25.00 

KR2-A 
The paddle used in the KRZOA. 
Stngle paddle for non4ambic 
keyers. "Slrai t key" button 
conveniently tcafed,  cream 
alum!num case wlth walnut 
vinyl top. Size: 2" x 4" x 6". 
We~ght: 1% lb. 

PRICE $15.00 

Order from your favorite electronics 
dealer or direct from the publisher. A l l  
dlrect orders add 51.00 shtpping and 
handling per Callbook. 

ahead. An investment i n  the enjoyment of CW. 

PRICE $110.00 
TEN -TEC, lnc .  
SEVIERVILLE. TENNESSEE 37862 

EXPORT 5:15 LINCOLN AVE . CHICAGO, ILL. 60646 

Bigger & Better 
with MORE 
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74LS02 39 74LS73 65 74LS153 
74LSO3 3 9  74LS74 65 74LSIS7 

SN7417N 43 SN7488N I  SO SN74174N 1 95 
SNl418N 25 SN7489N 3 00 SN74175N 1 95 
SN7420N 21 ~ ~ 1 4 9 0 N '  49 SN74176N 90 DISCRETE LEDS 

XC526R 5r$ l  
XCi26G d $1 
XC526Y 4 $1 
XCS260 4 S I  - - 
XI S56R 5151 *o. ...mlr o n .  o, *o,-.8lr pB 126 52 35 $1 95 S1 47 $ 1  30 
XI:556G 4 lS l  c , ~ ~ . "  c * " ,  w c , , . ~ " , ,  ,,. 
X1.556Y I ' S l  
XI5560 ('$1 

P." NO P I I C l l P l i l "  P""l 

N * I I , < , Y  I,, nso,,. I I C I ~ I  I N ~ # , O  ' I , ,  I.. 18  

LM320K 5 10 50 LM711N 39 15494CN 89 

E R  A S S O R T M E N l S  

1 0 0 V O L T  M Y L A R I I L M C A P A C I ~ O A S  
OO,,,,l I 7  10 07 O??",l I I 1 1  0 6  

0077 1) 10 0, O d l l l l l  I 1  l l  I 3  

(iOl,,", 12 10 0 1  i l"l  2 1  21 11 
Ol,,lf 10 0 1  2 1 ~ ~ 1  13 21 7 1  . 10' DIPPED T I I N T A L U M S  ISOLIO1 CAPACITORS 

' I  8 " , , , , , , ' S ' i l l h ~ ~ ~  

a , , , ,  ., ,,,>,," > , # I , ,  % ! >  t 8 8 , '  

/ , , / , , , ,  , a , ,  " 7  2 "A'1c 

P H A S E  L o c K E o  L O O P S  ;; 
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50 or 60 HZ OPERATION 2 4  - Molex pins for  I C  socket 

................................... Printed Circuit Board for  above (etched & dri l led Fiberglass) $2.95 
........................................................................... Transformer for  above (7-10V AC) $1.50 

Plextglas Cabinet II, Red Chassis, White Case, 

KIT #7001-C SAME AS #7001-B BUT HAS DIFFERENT LEDs. USES 4 D L - 7 4 ~ ~ -  1 .63,' DIGITS LL 2 MAN-7 3'' DIGITS FOR SECONDS. COMPLETE KIT. Less Case. $42.95 1 
CABINET I/ 1-1 

GREAT FOR CLOCK 6 
Clock-Calendar Kits 

3 "  HIGH 
Spec~fy RED or GRAY 

51/2" DEEP Plex~glas Chassis 
Chassis Serves As Bezel To Increase Contrast of Digital 
D~splays. Use Gray With Any Color - Red With Red 
D~s~lavs Only (Red LED'S with Red Chassis Brightest) 

GREAT FOR SMALLER CABINET 11 )CLOCK KITS. (Ideal for 
2' 2'' H I G H  1(1t .:a50 above ) 
@ 2" WIDE f13 All PIexlglas Red Chassis, 
5' 2" DEE-\ -P: Wh~te Case 

I Red Chasrls'.&s % Bezel To Increase Contrast of 
LEO Displays.' 

$6.95 ea. 1 $5.95 ea. - 6 or more $5.45 ea. 

COMPLETE WITH 
L.C. TYPE 
ENCODER ELECTRONICS 
DIAGRAM FURNISHED 

PLEXIGLAS FOR DIGITAL BEZELS 
Gray or Red Filter 
3" x 6" x I /R" Approx. Size 

75+ ea. 
Or 6/$3.50 

Rapeater Computer Phone 

SocurFty Etc. 

SEND $19.50 TO 

XTAL TIME BASE KIT for ClockCalendar- 
Alarm Kit (115VAC or 12VDC operation) 
Uses 100.800 KHz xtal. Can be used 
with #7001 Kits only. $9.95 

25 AMP FULL WAVE 
BRIDGE 100 PI" 

$lSg5 ea. 
3155.00 

ROCKER SWITCH 

NEW! @ 4/$l.OO 
loo "O- 

SPDT4A 125VAC 1 x'' rntg. ctrs. 

Dollar Value Electronic Supply 
20748-A PLUMMER STREET 

CHATSWORTH, CALIF. 91311 

FACTORY PRIME 
.3n RED 7-SEG. LED 

COMMON 
1:;;~ MAN., 

.95 ea., 10/58.50. 1001579 
1, sealed F~~~~~~ PI 

Calif. Residents Add 6% Tax 

Apollo Products-Little Giant Trans Systems Tuner K i t  - $99.50 
Designed and engineered after "Apollo" - "Little Giant" 2500X-2, for an "engineered 
performance" Trans Systems Tuner and Adaptations of the Lew McCoy Transmatch, with 
power handling at the KW plus level! 

Kit includes: 
1 200 pfd wide-spaced variable 
with isolantite insulation rated 
3,000 volts 
1 200 pfd dual section parallel 
condenser isolantited 
2 finger-grip pointer knobs 2" 
diam. white indented 
1 pvc insulated shaft couplings 
% to  % 

I Kit 2000X-KW 3 SO-239 coax chassis connectors. 

Kit price $99.50, FOB Tunes 52 ohm or 52-300-600. or 
random wlres 

1 heavy inductance for 10.15.20. 
40-80 meters 
6 pvc stand.offs. 4 for condensers 
and 2 for inductance 
1 HD switch for band catching 10 
thru 80 meter coverage 
1 pkg 12-gauge tinned round wire 
Cabinet included - Apollo "Sha- 
dow Boxes" M Kit includes sche- 
matic. Recommend parts layout. 
INFO NOTE '377 OHM and **6W 
OHM "Open wire spaced ladder 
I~ne" air dialectrtc. 
'53 x wire diam. O.84 x wire diam. 
info only - not supplied. 

Apollo Products, Box 245, Vaughnsville, Ohio 45893 419-646-3495 
Subsidiary "Little Giant Antenna Labs" 

86 february 1976 More Details? CHECK-OFF Page 110 



Name Total SHIPPING I N F O R M A T I O N  All h ~ p m r n h  arr r.0 8 .  B#ngh.mlon. N Y .  11902. Sh8pmrnll r l l l  bc 
mad. b r  ~ h r  mur! ~ o n ~ r n l r n !  melhod PIC.,. ~ n ~ l u d e  wlltrornl lurid, !u mrr r  %hmp#ng 2nd ha-. 
dlcng. f ogvrr $hipping rl>.ryr% un m~t>$mum rraghl ol 2 ~ o u n d s  prr unll r l l h  Ihr c%'eyrtlu81 01 lkc  

Addrers Shipping lollurmy PSISC I 1  lb, . PSISC 15 lbr.. K c p a l c r r  2 5  lb, Allow 3 to 4 r r r k r  lor drlav7r). 

.DPLX I 4 4  and OPLX-210 rfr $hooord l r e ~ h l  L S ~ I I ~ C I .  

. . . . . .  ~ - - -  
I- . .  _ 

320 WATER ST. PO BOX 1921 BINGHAMTON. NY 13902 607-723-9574 

MINI - CATALOG 1976 
THE WORLD'S MOST COMPLETE LINEOF VHF - FM KITS AND EQUIPMENT 

HT144B K i t .  . 2 meter - 2w - 4 channel - hand 
held xcvr with crystals for 146.52 

'\ . . . . . . . . . . . . . . .  simplex 129.95 

TX144B K i t .  . transmitter exciter - 1 watt - 
. . . . . . . . . . . . . .  2 meters $ 29.95 

TX144B Wn. . same as above - factory wired 
and tested . . . . . . . . . . . . .  49.95 

TX22OB K i t .  . transmitter exciter - 1 watt - 
220MHz . . . . . . . . . . . . . .  29.95 

TX220B Wn. . same as above - factory wired 
. . . . . . . . . . . . .  and tested 49.95 

RPT144 K i t  . . repeater - 2 meter - 15w - . . .  TX432B K i t .  . transmitter exciter 432 MHz 39.95 complete (less crystals) . . . . . .  465.95 
RPT220 K i t  . . repeater - 220 MHz - l 5 w  - 

. . . . . .  complete (less crystals) 465.95 
RPT432 K i t  . . repeater - 10 watt - 432 MHz . . . . . . . . . . .  (less crystals) 5 15.95 

. . . .  RPT144 repeater - 15 watt - 2 meter - 
factory wired and tested . . . . .  695.95 

. . . .  RPT22O repeater - 15 watt - 220 MHz - 
factory wired and tested . . . . .  695.95 

. . . .  RPT432 repeater - 10 watt - 432 MHz - 
factory wired and tested . . . . .  749.95 

RXSOC Ki t  . . 30-60 MHz rcvr w12 pole 10.7 
MHz crystal fi lter. . . . . . . . . .  59.95 

RX144C K i t .  . 140-170 MHz rcvr w/2 pole 10.7 . . . . . . . . .  MHz crystal fi lter. 69.95 
RX144C W/T. . same as above -factory wired 

and tested . . . . . . . . . . . . .  114.95 
RX220C . . . .  210-240 MHz rcvr w/2 pole 10.7 

MHz crystal fi lter. . . . . . . . . .  69.95 
RX432C K i t .  . 432 MHz rcvr w12 pole 10.7 MHz . . . . . . . . . . . .  crystal filter 79.95 . . . .  RXCF. accessory filter for above receiver PS3 Kit .  12 volt - power supply regulator . . . . .  . . . . . . . . . . . . . . . . .  kits gives SOD6 adjacent channel card 8.95 

. . .  rejection 8.50 PS15C Kit  NEW - 15 amp - 12 volt regulated . . . . . . . . . . . . . .  
power supply wlcau, wlfold-back 
current limiting and overvoltage 

. . . . . . . . . . . . .  PA2501H Ki t  . 2 meter power amp - ki t  l w  in - protection 79.95 
25w out with solid state switching. 

. . . . . . . . . .  . . . . . . . . . . . . .  
PSlSC W/T . . same as above - factory wired 

case, connectors 59.95 and tested 94.95 
. . .  PA2SOlH WIT. same as above - factory wired PS25C Ki t  NEW - 25 amp - 12 volt regulated 

and tested . . . . . . . . . . . . .  power supply wlcase, wlfold-back 

. . . . . . . . . . . . .  . . . .  

. . . . . . . . . . . . .  . . . . . . . . . . . . .  

PA4OlOH Kit  . 2 meter power amp - lo:/ in - current limiting and overvoltage 
40w out - relay switching 59.95 protection 129.95 

PA401 OH WJT. same as above - factory wired PS25C WIT . . same as above - factory wired 
and tested 74.95 and tested 149.95 

PA144115 K i t .  2 meter power amp - l w  in - 
15w out - less case, connectors OTHER PRODUCTS BY VHF ENGINEERING 
and switching . . . . . . . . . . .  39.95 

. . . .  PA144125 K i t .  similar to PA144115 kit except C D l  K i t  10 channel receive xtal deck 
. . . . . . . . . . . .  25w out 49.95 wldiode switching $ 6.95 . . . . . . . . . . . . . .  . . . .  PA220115 K i t .  similar toPA144/15 for 220 MHz 39.95 CD2 K i t  10 channel xmit deck wlswitch 

. . . . . . . . . . . . . . .  PA432110 Kit  . power amp - similar to PA144115 and trimmers 14.95 
. . .  except l o w  and 432 MHz 49.95 COR2 K i t  complete COR with 3 second and . . . .  . . . . . . . . . . . . .  

PA140110 l ow  in - 140wout - 2  meter 3 minute timers 19.95 . . .  . . . . .  amp - factory wired and tested . 179.95 SC3 Ki t  10 channel auto-scan addpter for RX 19.95 
. . . .  PA140130 . . .  30w in - 140w out - 2 meter Crystals we stock most repeater & simplex 

. . . . .  amp - factory wired and tested . 159.95 pairs from 146.0-147.0 (each) 5.00 

ORDER FORM 

NYS Rcsidenl TERMS L.0 D. r.$h or L ~ C L L  r r l h  ot4.r. W r  alu, arrcpl 8anliAmcctr.rd and Mdbtrr Char*. 
C i t y  Srler Tax CLAIMS NO~,I; V I I ~  vrrd the '.rr,rr 01 damage ~ t t h o n  vrrn 1 7 )  d r r , o ~  tcrc~pt  01  **pmrnt. 

Total 
RETURNS vblrnn ruthoraral~on from VHF h l a r  rclurntnm en, m r r ~ h m d . r  
P R l L I S  A N D  ?rPLClflCATlONS Subject l o ~ h a n p  wl lhou l  nullrc. 

Stale Zip Enclosed E.DOC~ p , , ,~ ,  ,re % I O S ~ L I V  hoghcr. 
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C-METER 
Direct Reading Capac~tance Meter $2495 

Reads from 100 ff to 1 MFD 12 HR 
Linear Scale 4 Digit 
Internal 9V battev lasts 1 year Bright 1/2" Displays 
Fully assembled and tested Fully assembled 

Special with purchase of counter or C-Meter: Clock For Only $20. ppd 

VHF FREQUENCY COUNTER 
5 DIGIT LED DISPLAY 

10 Hz TO ,230 M H z  

< 200 MV SENSITIVITY 

FACTORY DIRECT SALES 

ASSEMBLED OR KIT $19500 
WIRED & TESTED 

KIT PRICE $149.95 + $3.50 POSTAGE 
AND HANDLING 

WEBER Electronics 1 Elmcrest Terrace, Nomalk, CT 06850 
203-853-4716 Ea 

, 

TEKTRONI= 
Scope Sale 

Here's a parl~al l ~ s l  of our ruond~t~oned and 
FULLY GUARANTEED scopes Prices are for Main 
Frames. See below for parl~al llst~ng of vertical amps 
MODEL 5 $395 00 

5 $495 00 
5 $445 00 
5 $595 00 
5 $795 00 
5 $695 00 
5 $895 00 

Vertical w ~ t h  above) 
L Plug In  $ 85 00 
CA Dual Trace $145 00 
M Four Trace $295 00 
Others $ 65 00 EL up  

This Month's Special 
DEI Spectral D~splay Unit. Model 
TDU 4 - 30 MHz center frequency 

2. 

New in facto cartons 
y295.00 

Other O~splay UIIIIS Include TDU-3, Nerns Clarke/ 
V~tro Model SOU-200 -300 - Center freq 30 
or 2 1 4  MHz (~pecliy) - New and Used - 
Prtces range 495 - $295 

CLOSE OUT SPECIAL - $19.95 
whtle they last ppd. USA 

ARR-52 SOLID STATE 
VHF RECEIVER 

Eas~ly converted to 2-meter 
FM Now set for 163-173 39ww 
MHz I b  channels. Includes n ~ e ~ c . ~ ~  
schehatlc dlagram and con- m C  *-, 
versoon deta~ls As descrtbed o . ~ Q - T  
~n the Surplus S~del~ghts -c, CJ cn * 
Column, (Pg 58 Oct CQ) 

OVER 400 SOLD 
BankAmerlcard & COD Welcome 

Electronic Equipment Bank, Inc. 
516 M ~ l l  Street, N.E. V~enna. V i rg~nla 22180 

(703) 938-3350 

r-------------------------------------------------------------------------- 

I SUB-AUDIBLE GENERATOR 1 WANT EVEN MORE SATISFACTION FROM YOUR HOBBY? i 
for FM THE CUBE 

I CG - QC 
Low distortion sine- 
wave 

I Ad jus tab le  frequency 
( 9 8 - 2 5 0  Hz) .  L o w e r  
available .5 1 .6 . .B in 

. - 

a n l a  CIera C8Mf. 

I location for CUSTOM DIV. OF CFP ENTERPRISES Sat. 10:00.12:00 Noon PSOSl I MOLDED PLASTIC SIGNS. 1:OO-5:00 p.m. , 
I 211 NORTH MAIN STREET Price $19.95 

HORSEHEADS. NEW YORK 14845 Calif. res. add 6% : ! r=l 
PHONE: 607-739-0187 Freq. set a t  factory $5.00 extra 

Send for  more information 

INCREASE YOUR TALK 
POWER 10 TIMES 

Our NEW DE-120 cornpres. T 

% and % watt 

Dynamic Electronics, Inc. P. O. BOX 1131 Decatur, AL 35601 
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New 
leader in '761 f 

GTX-1 or 
GTX-IT 

HAND-HELD I 
Transceiver 

CHECK THESE FEATURES: 

All Metal Case 
American Made 
Accepts standard plug-in 
crystals 
Features 10.7 MHz crystal 
filter 
Trimmer caps on TX and RX 
crystals 
3.5 watts output 
Battery holder accepts AA 
regular, alkaline or nicad cel 
Mini Handheld measures 
8" high x 2.625" wide 
x 1.281" deep 
Rubber ducky antenna, 
Wrist safety-carrying-strap 
included 
6 Channels 
Factory-direct to You 

6TX-200-T 
2-meter FM. 100 
channels. 30 watts 
(incl. 146 94 MHz) 

6TX-200 
2-meter FM. 100 
channels. 30 watts 
was $299.95 
(Incl. 146 94 MHz) 

GTX-loo 
1%-meter FM. 
100 channels. 
12 watls 
was $309.95 
(Incl 273 5 MHz) 

2-meter FM 
10 channels 
10 watts 

2-meter FM 10 
channels 30 watls 
was $299 95 
(Incl 146 94 MHz) 

GTX-600 
6-meler FM. 100 
channels. 35 walls 
was 5309.95 
(Incl 57 525 MHz) 

STX-l 
2-Meter FM. 6- 
Channel, 3.5 Watts 

G T ~ - ~  Operate Auto PIBICII 
Same as GTX-1. ~ l u s  
Factory Installed 
Tone Encoder 

I 
0 PSI-11 Battery Pack (with 

I 

charger) @ $109.95 $ I 
ARX-2 2-M Base Antenna 

@ $29.95 $ 
I 

Lambda14 2-M Trunk Antenna 
@ $29.95 S 

I 
I 

TE-I Tone ~ncoderjad I 
@ $59.95 $ I 

TE-I1 Tone Encoder Pad 
63 $49.95 I 

PSI-9 Port. Power Fackage 
(less batteries) @ $29.95 $- 

I 

GTX-1 I n PS-1 AC Power SuFply 
@ $69.95 $-- 

I 
Accessories Available: 2 Meter 6 channel GTX-lT I and the following standard crystals I 

Nicad Battery Pack Hand-Held with ~ ~ i l ~ - l ~  I @ $4.50 each: . .. ........... $ 
(without encoder) Tone Encoder Non-standard crystals 

I 
Charger for GTX-1 battery pack I @ $6.50 each: ................... $ I 
Leather carrying case $24995 $29995 1 For per transceiver. factory crystal installation add $8.50 I 

TE Ill Tone Encoder for auto I Sub-Total: $ 
(allow 8 

I 
patch I weeks TOTAL: $ 

h ldelivew.) 
I 

(minimum order $12.001 1 
IN residents add 4% sales tax: 

A l l  orders shipped post-paid 
within continental U.S .  I 

I 
-- AMATEUR CALL 

I 
-- CITY .. . STATE & ZIP 

I 
I 

[7 Certified CheckIMoney Order Personal Check C.O.D. Include 20% Down I 
General Aviation Electronics, he., Note: Orders accompanied by personal checks will require about two weeks to process. 

4141 Kingman Drive, I 20% Down Payment Enclosed. Charge Balance To: 
I 

I [7 BankAmericard # -- Expires 
I 

Indianapolis, Indiana 46226 1 I [7 Master Charge # Expires Interbank # 7 
Area 31 7-546-1 11 1 ~IIII-I-I--CIIP~~ITAN~~R~FR NOW----------- H 6 
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Aha, the SECRET o f  PC 

Board success finally revealed. 

A perfectly balanced lighting 
tool combining magnification 

w i t h  cool fluorescence. Excel- 

lent  for fine detail, compon- 

ent assembly, etc. Lens is pre- 

cision ground and polished. 

Regularly $70.00. Now, over 

30% discount (only $49.00) 

in Callbook. Uses T-9 bulb 
(not  supplied ). 

Include $3.00 U.S. postage, or  $4.00 
in Canada. $5.00 elsewhere. Cali- 

fornia Residents include 6% sales tax. 

Or send stamped envelope for free 
brochure o f  other incandescent or  

fluorescent lamps suitable for  a l l  en- 

gineers, architects, students, etc. 

Mastercharge and BankAmencard accepted 

0-0 ENTERPRISES 
Dept. A, P. 0. Box 7776 

San Francisco, CA 94119 

Home 
training in 
AMATEUR 
RADIO 

N R I ,  leader i n  Communicat ions.  
Televis ion,  E l e c t r o n ~ c s  and  T V -  
Radio home training, now offers the 
f i rst  i n  Amateur Radio courses, de- 
signed to  prepare you fo r  the FCC 
Amateur License you want or need. 

Don't lose your favorite frequency 
The FCC has said "either-or" on 
Itcensing, but to pass Advanced and 
Ex t ra  Class exams, you need the 
technical guidance as offered by NRI.  
N R I  Advanced Amateur Radio is f o r  
the ham who already has a General, 
Conditional or Tech Class ticket. 
Basic Amateur Radio is  f o r  the be- 
g i n n e r  and includes t ransmi t t e r ,  
3-band receiver, code practice equip- 
ment. Three training plans offered. 
Get a l l  the facts. Mai l  coupon. N o  
obligation. No salesman w ~ l l  call on 
you. NAT IONAL RADIO 
INSTITUTE,  Washington, 
D.C. 20016. ............. ............. @ 

MAIL NOW 
NATIONAL RADIO INSTITUTE 46-016 : : Wash~ngton. D C. 20016 
Please send me tnformatoon on Amateur Radio : : lratntng 

. Name Age- : 
Address 

: c~ty s t s t e z o p  : 
ACCREDITED MEMBER NATlONLL HOME STUDY COUNCIL : ....................................... 
90 february 1976 

FOR FREQUENCY STABILITY 
Depend on JAN Crystals. Our large stock 
of quartz crystal materials and com- 
ponents assures Fast Delivery from us! 

CRYSTAL SPECIALS 

Frequency Standards 
. . . . . . . . . . .  100 KHz (HC 131U) $4.50 

. . . . . . . . . . .  1000 KHz (HC 61U) 4.50 

. . . . . .  Almost all CB sets, TR or Rec $2.50 
(CB Synthesizer Crystal on request) 

. . . . . . .  Amateur Band in FT-243 ea. $1.50 
. . . . . . .  4/$5.00 

-meter not avail.) 

heck or money 

10 CHANNEL 

Selectable Priority Channel 
(Selected By Channel Selector Switch) 
10 Second Delay Before Scan Ruumes 
after Transmlt . 2 Second Delay Before Scan R u u ~  
After S~gnal Loss 
Plugs Into Existing Crystal Sockets. Simple 
5 Wire Hook-Up Without Major Modilica- 
tion To Radio 
Simple Modification For Selective Channel 

OptionaI Digital Channel Display 
SCANN 10B 10 Channel Scanner 

(Wired Only) $52.50 
DlOB Digital Channel Display $21.75 

(Wired Only) 
SPECIAL NET PRICE FOR BOTH OF 
ABOVE (Valid only untll May 1) $59.95 

... HR-2B With Both Installed $299.99 
6T-HR2-3 Crystal Deck (6 more FQ's 

in HR2, HR-ZA) . . 

HF 144 U MOSFET Preamp 
Kit $11.95. Wired $17.95 

MOTOROLA METRUM II IN STOCK - 
WRITE FOR INFORMATION 

CW TRANSMITTER 
ALL SOLID STATE-MODEL 50 
160. 80, and 40-M Plug-In Coils (included) 

Built-In 120 VAC Supply 
Built-In Antenna Relay 
Full Break-In Keying \\ C~S..  Control & \ 

OVERALL SIZE: 2%"H x 5'h"W x BV4"D 
ORDER DIRECT or write tor FREE brochure 

and name of nearest dealer. 

......... MODEL 50K (KIT). $49.95 
ADD-ON OPTIONS: 

.................. SIDETONE, 200-21K (KIT) S 5.95 
.................... KEYER. 20022K (KIT) .S13.95 

..... MODEL 50W (WIRED). $69.95 
ADD-ON OPTIONS: 

.............. SIDETONE. 200-21W (WIRED) S 8.95 
................. KEYER. 200-22W (WIRED) $18.95 

ADD $2 10 SHIPPING 6 HANDLING. U.S.A. 

THE WORLD AT YOUR FINGER- 
TIPS! SEND ORDER TODAY! 

Residents Add 6% Sales Tax). 
PHONE: 18141 432-3647 

BOX 185A FRANKLIN, PA. 16323 

This Month's Specials 
Thumbwheel Switches EECO Model 
805M 0 to 9 BCD and  Compl iment 
(These switches are used but are in 
good condit ion and are perfect f o r  
Ham Use) 

Price: 
1-10 $1.95. 11-25 $1.65, 26 and 
UP $1.25 

1 Tubes New Tubes Used But OK I 

Wire: 
RG174/U 24Awg. 7/34 Strand. These am 
in 5 foot lengths. 

Price per 50 lengths $6.95 
Price per 100 lengths $ 11.95 

Spectra Strip Type 2444 16 conductors 
7 strand 24 Awg. 

Price 1 to 25". .39" 

2543 N. 32ND ST. 
PHOENIX, ARIZONA 85008 

PH. 602.957-0786 

More Details? CHECK-OFF Page 110 
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March 1968 (first issue) May 1974 
FEATURING: 5-band SSB exciter, IC- FEATURING: 5th annual antenna issue, 
regulated power supply. Remotely-tuned Log periodics, Parabolic antennas, An. 
l omete r  beam. Transistor curve tracer. tennas for satellite communications, 
Double-balanced mixers. Ground systems, Antenna measurements. 

January 1969 August 1974 
FEATURING: UHF effects on gridded FEATURING: High-power solid-state linear 
tubes. Solid-state SSB circuits, 220 MHz power amplifier, Wind loading on antenna 
mosfet converter. Stub-switched convert- structures, VHF FM scanners, SSB trans- 
ers, Cubical quads. ceivers, Variable-speed RTTY. 

May 1969 February 1975 
FEATURING: Potpourri of integrated-cir- FEATURING: 2304.MHz power amplifier, 
cuit applications, FM repeater receiver Bandpass filter design, Speech proces- 
performance, RTTY converter, IC noise sing. RTTY terminal unit, GHz frequency 
blanker. The ionospheric e-layer. scalers. 

August 1969 March 1975 
FEATURING: Homebrew Parabolic Reflec- FEATURING: Ultra low noise UHF pre- 
tor. Solid-state Q-5er, Frequency calibrator amplifier, S-meter circuits. AZEL anten- 
with mos IC's. New multiband quad an- na mount, Programmable calculators. 
tenna, Troubleshooting with a scope. Electronic vox biasing. 

September 1969 April 1975 
FEATURING: FM techniques and practices. 

FEATURING: Integrated-circuit electronic 

IC power supplies, 1296-MHz varactor 
keyer, 1296 MHz preamplifiers, Touch- 

tripler. Tunable bandpass filters. Amateur 
tone encoder, Capacitance meter, Wide- 

microwave standards. 
band RF amplifier. 

June 1975 
October 1969 October 1972 FEATURING: A phasing-type single-side- 
FEATURING: Hot Carrier Diodes, Low FEATURING: 4 channel spectrum analy- band transmitter. Slim-line touch-tone. 
cost linear IC's, Diversity antennas, solid- zer. HF frequency synthesizer, all-band UHF prescaler, Crystal oscillators, Noise. 
state 432-MHz exciter. Tropospheric-duct dipole, 160 meter vertical, multi-function figure measurements. 
commun~cations. 1'2's. - 

July 1975 
November 1969 February 1973 FEATURING: UHF double.balanced mixers, 
FEATURING: op , . , theory, selec. FEATURING: Communications receiver Tone encoder, Cubical quad antenna, ATV 
tion & application, wwv receiver, ~ ~ l t i .  design, rf speech clipper: f m  receiver sync generator, 432 MHz converters. 
band antenna, ~ l ~ ~ t ~ ~ ~ i ~  key, ~ i ~ . ~ ~ t ~ ~  scanner, Plessey SL600 ~ntegrated cir- Sweepstakes winners. 
collinear. cuits, solid-state nolse blanker. August 1975 

June 1970 March 1973 FEATURING: 500 watt power amplifier 
FEATURING: Solid-state 80-meter trans- for 160 meters. FM alignment techniques. ~ f ~ T ~ P p ' { G ~ , " ~ ~ n ~ u ~ j " , " d ~ ~ ~  f&peiz:E celver, reciprocating detector receiver. Programmable keyer memory. Solid-state 

tion standards, Designing phase-shift net- AFSK generator, electronic keyers, mobile 432 MHz linear amplifier, Adjustable IC 
works. Transistor frequency multipliers, touch-t0ne' 

voltage regulators. 

RTTY frequency-shift meter. June 1973 September 1975 

October 1970 FEATURING: Digital R T Y  autostart,, f m  FEATURING: Inductively-tuned six-meter 
repeater installation, mlcropower receiver, kilowatt, RTTY terminal unit, SSB speech 

FEATURING: An SWR meter for accurate broadband amplifiers, logic oscillators. splatter. 432 MHz power amplifier, Hand- 
RF power measurements, Direct.conversion held touch-tone. VHF mobile antenna. 
receiver, IC voltage regulators, 432 MHz July 1973 
converter, Introduction to thyristors. FEATURING: SSTV test generator, carrier October 1975 

operated relay, VHF receiver, two-meter FEATURING: Special receiver issue, Re- 
December 1970 frequency synthesizer, antenna matching. ceiver sensitivity and dynamic range. 
FEATURING: SSB generator. RF interfer- High dynamic range r.eceiver input stages, 
ence, Antenna bridge, QRP transmitter, December High-frequency communications receiver. 
AFSK oscillator. FEATURING: Two-meter power amplifier, Pre-amplifier for satellite communications, 

AFSK ,generator, VHF cavity filter. Band- Crystal discriminator. 
June 1971 pass f~ l te r  des~gn, H~gh-ga~n  wire antenna. 

FEATURING: A practical approach to 432- January 1974 
November 1975 

MHz SSB, FM carrier-operated relay. 
FEATURING: High-performance VHF FM 

Audio systems, Practical L o w  FEATURING: CW memory for RTTY ident- receiver. RTTY line-end indicator. Tunable 

noise 1296-MHz preamp. 
ification. Linear amplifier. IC logic fami- audio filter. SSTV preamplifier, Binaural 
lies, FM transceiver, Heatsink design. CW reception, Master frequency oscillator. 

June 1972 April 1974 December 1975 
FEATURING: 5 Band solid-state commun- FEATURING: Communications techniques FEATURING: S-line frequency synthesizer. 
ications receiver. FM repeater control, for Oscar 7. Active filter design. Telefax lntroduct~on to mlcroprocessors. 1296- 
SSTV synch generator, microwave experi- conversion. FM receivers. Wideband amp- MHz bandpass filters. UHF frequency 
menting. lifier, Antenna radiation patterns. scaler, Cumulative index. 

HAM RADIO BINDERS 
........................................................................ 
I 
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I 
March 1968 (first issue) j ham 

I 
I 

Collector's items deserve the best January 1969 December 1973 1 
protection you can give them. and / radio May 1969 January 1974 I 

we know of no better than our hand- G R E E N V ~ ~ ~ E ,  NH 03048 
I 

August 1969 [? April 1974 t 
some Ham Radio Binders. Bound in I 

I 

washable buckram and supplied with f There's no place like a good collec- September Ig6' May 
I 
I 

year labels to identify each volume. / tion of HAM RADIO back issues to October August 
I 
I 

Each binder holds 12 issues. I find answers you're looking for. Go November 1969 February 1975 j 
sfjaOO each for $13.50 / Over the list above and find the O June 1970 March 1975 I I 

I ones you need. October 1970 April 1975 I 
I 

HAM RADIO I I 

I 
December 1970 June 1975 I 

0 July 1975 
I 

BOUND VOLUMES I Enclosed i s - - -  for O June 1971 I 

I the items I have checked. 
I 

0 June 1972 August 1975 
Here is a handsome addition to your I 

I 
I 

October 1972 September 1975 1 
library. Twelve issues (a full year) of 

I 

Ham Radio bound into a rugged, j Name--- -. n February 1973 D October 1975 I 
I 

good looking hard cover book. Cer- \ March 1973 0 November 1975 1 
Call---- 

tainly the most deluxe way to col- June 1973 a December 1975 1 
lect Ham Radio and perhaps the Address - _  _- 

0 July 1973 I 
I 

only way to acquire some out of I Just $1.00 each ppd. 
I 
I 

print back issues. Years 1972, 1973, 1 I 
I -- - _ - . . - - I 

1974 and 1975 available. I 

I 
I 

$19.95 each or All Four $65.00 1 city- . 
-~-Binders $5.00 each 3 for $13.50 I 

I Specify Large or Small Size I 
I 

I 
I 

I 

I State---- Z i p . _  -Bound Volumes $19.95 Specify year(s) f , ........................................................................ 



-access ttme 50 NS 
test for resonant 

-Tri-state O L I ~ O U ~  erasable resistance 
-Field p r o g r a k b l e  I - stat ic  units 
-16 pin DIP Each 19.95 

Each S5.W 8 for $34.95 I 
vo- 2N3565 NPN 70-106 

30v Beta 150 rain. 
Regulators TO-3 I roo n. I 

1 AMP POSITIVE each 10 fo 

7806 6V 13.W] 
1 1 1  l E k s s i 5 W  LM309K 5V 11.00 $8.00 

7R12 12V 1.W 17.50 
7 1 1.95 17.50 ,I cEUIIc Olsc@ 
7824 24V 2.25 20.00 

1 AMP NEGATIVE 8 for 11.00 

LMXO 5V 1.95 17.50 8 
1 I 

LM320 5.2V 1.95 17.50 .n i  CERMIC DISC 

LM320 12V 1.95 17.50 CAPACITORS 
LM320 15V 1.95 17.50 15 for $1.00 

DIP Trimmer I TTL Special 270 1 

-4 leads spaced 
.3" x .2"  

Each 1.65 10 for 4.95 

DIP RC NETWORKS 
14 and 16 pin IC packages containing 
precision resistors and capaci tors. 

NO SCHEMATICS AVAILABLE 
Sample indicates most contain 10 t o  

1% and 1 or 2C 
Assortment of 1E $1.00 

A l l  merchandise i s  new unused surplus 
and I s  sold on a money back guarantee SEND FOR 
Five dol lar  m i n i m  order. Free f i r s t  
class pottage on a11 orders. Califor- FREE FLYER 
nla residents please add sales tax. 

rur r oln-767-7571 Phone (916) 334-2161 I .... .*- .--. 
f3AWLOn ?b: k e ; i 7 K :  
ELECTROnlCS Sacramento. CA 

95841 
P 

with an omega-t 
antenna noise I 

The Omega-1 N o s e  Br~dge IS an lnexpenslve and 1 Ilex~blelesttnodevtceIhaIcanelfecl~velvmeasure 
antenna resoGant lreauency and ~mpedance Thls 
unlaue olece o l  lesl equlpmenl does Ine work of 

1 more expensave dev~ces by uslng an exlsttng 
recelver lor a brldge detector There 1s no longer 
a need lor power loss because of Impedance 
mlsmalch Get more dela~ls or order now1 

Model TE7-01 tor 1-100 MHz Range $29.95 
Model TE7-02 tor 1-300 MHz Range $39.95 

320 TERRACE VILLAGE 
RICHARDSON, TEXAS 75080 
TELEPHONE (214) 231-9303 

So lda t  Amateur Radio Dealers 
or Direct l rorn Electrospace Systems. Inc. 

FAST SCAN AMATEUR TELEVISION EQUIPMENT 
SOLID STATE 

BROADCAST QUALITY 
PERFORMANCE 

FOR TECHNICAL DATA -..+-*- - A m + -  

AND PRICING, 
WRITE TO: AM-1A RCVR MODEM 

.Dual t o n e  
d e c o d e r  
decodes o m  
T o u c h .  Tone 
digit. 

.Available l o r  
1.2.3.4.5.6.7. 
8, v, 0, k ,  ' 
and other dual  
tones 7W-3000 
Hz. 

.Latch a n d  
r e s e  t 
c a p a b i l i t y  
built.in. 

OOperates on 
anydc  voltage 
f r o m  + V  t o  
+30 v. 

COR control built-in. 
Relay output SPST ' /~a rnp .  

.Octal plug-in case. 

.Compact 1.1.4'' square. 3" high. 
.Free descriptive brochure on request. 

T.2 Touch.Tone Decoder ... SJ9.9) PPD. 
Specify d ig i t  o r  tone treqmncies. 

I Include sales t a r  i n  Calif.) 

Shur-Lok Mobile VHF 

Shipping 
& Handling 

U.S. Patent #3410122 . SHUR-LOK w i t h  overa l l  w i l l  d imens ions  a c c o m m o d a t e  i n ~ l u d i n g  a u n i t  

m o u n t i n g  braczket u p  ?: 3% H i g h  
a n d  f r o m  4th t o  9% Wide. - Prevents access t o  rig's m o u n t i n g  
h a r d w a r e  N o  spec ia l  too ls  
Sa t i s fac t ion  Guaran teed  
Spec ia l  pry-proof  h a r d w a r e  
Dealer  & C l u b  inau i r ies  inv i ted  

You spent $200, $300 or $400 to 
put your VHF rig in the car. Why 
not spend $15 to keep it there! 

Order now from N a t i o ~ l  Mfp'r. Rep. 
for Amateur Radio Use. 

PRUllT ENTERPRISES 
B o x  41H Tonopah, NV 89049 

Tal: 702-482-3473 
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( WE'RE GOING TO NEED ROOM.. . HERE'S YOUR CHANCE TO GET THE GOODIES THAT YOU NEED AT A LOW PRICE!! I 
OPERATING INSTRUCTIONS 

Organize your mobile or base installation. 
These consoles were designed to  sit next to 
you on the car seat, but are ideal for home 
use too. They originally were to  be sold at 
nearly $100.00 Check these features: 

Rugged construction 
Storage area for logs, etc. 
Cut outs for rocker switches 
and speaker on some models 
4 styles available (specify) 

style D 

Were $19.95 $1795 prepaid 

(continental U.S.) 

I SPECIAL . . . We will supply 3 rocker switches FREE on appropriate models, while supplies last. I - CABINET . . . FITS R390 - 
We have a limited supply of cabinets 
similar to BUD model CR1740. They 
have 19" opening and the R390 fits 
quite well. Many other uses too . . . 

- UHF RECEIVER STRIPS - 
We still have a supply of used Motorola 
"B" series UHF strips. They are 2 freq, 
narrow band, dual squelch units. ldeal 
for monitors or link receivers. 

were $25.00 

NOW $19.95 + shipping 

- R43HHT . . . MOTRACS - 
We still have a few left. At this price 
they won't last long. 

12 VDC operable 
Convertible to 2 mtrs 
2 Freq 
Narrow Band 
Less Accs 

- LO BAND MOTOROLA - 
FOB Oak Park 

T41GGV . . . 30 watt, vibrator mobile $49.00 
T51GGV . . . 50 watt, vibrator mobile $48.00 

(units are tons squelch) 

U4lGGT . . . 30 watt, T power mobile $79.00 
T51AGD . . 50 watt. 3 0 4 0  MHz, mobile 

less. accs. Ideal for making 
base or mon~tor RX, dynamotor 

supply $29.00 
Units come with mobile accy group (except T51AGD) 

I DID YOU MISS OUR 1976 BUYERS GUIDE?? . . . SEND FOR YOUR FREE COPY NOW!! I 
SPECTRONICS, INC. HOURS 

STORE HOURS: 
1009 GARFIELD 

Mon-Thurs 9:30-6:OO. Frl. 9:30-800 
OAK PARK, IL. 60304 Sat. 9:30.3:00, Closed Sun. & Holtdays. 

312-848-6778 - 
TELEX 72:8310 
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SLEP ELECTRONICS COMPANY 
IS NOW SHIPPING 

BRIMSTONE 144 FM TRANSCEIVER, 25 WATTS 143.00 
TO 149.99 MHz IN DIGITALLY DIALED FREQUENCY 
SYNTHESIS IN  5 kHz STEPS, NO CRYSTALS TO BUY, 12 
VOLT, INCLUDES DYNAMIC MICROPHONE AND MOBILE 
MOUNTING BRACKET. MADE IN U.S.A. $650.00 

OPTIONAL PLUG-IN BRIMSTONE ACCESSORY MODULES 
TOUCH-TONE INTERFACE 28.95 
DIAL TONE (SPECIFY FREQUENCY) 39.95 

MODEL 4X6C TONE BURST 1800 TO 2400HZ 39.95 

50  HZ-250 MHz . . . . . . . . . . . . . . . $270.00 SUB-AUDIBLE TONE (SPECIFY FREQUENCY) 39.95 

142.00 TO 149.99 MHz EXTENDED RANGE FOR MARS 
15.00 

300 and 500 MHz PRESCALERS COMCRAFT CST-50 VHF TWO BAND FM TRANSCEIVER 
FOR 2 AND 11/4 METERS 142 TO 149.995 MHz AND 

FREQUENCY STANDARDS 220.00 to 225.00 MHz, 25 WATTS BOTH BANDS, 12 
VDC, DIGITAL FREQUENCY SYNTHESIS IN 5kHz STEPS, 

MARKER and PEAKING GENERATORS NO CRYSTALS TO BUY, BUILT-IN REPEATER OFFSETS, 

POWER SUPPLIES AMPLIFIERS 
600 kHz, 1 MHz AND 1.6 MHz. INCLUDES MICRO- 
PHONES AND MOBILE MOUNT. MADE IN U.S.A. 869.95 

WRITE FOR FREE CATALOG TOP TRADES GIVEN FOR YOUR FM TWO METER 
CRYSTALS SETS. SPECIFY MAKE. CONDITION, AND 
CRYSTALS INSTALLED. WE PAY SHIPPING IN U.S.A. 
VIA U.P.S. WE ALSO STOCK CUSHCRAFT, NEWTRONICS. 
HY-GAIN AND ANTENNA SPECIALISTS VHF ANTENNAS. 

WRITE OR PHONE BILL SLEP (704) 524-7519 

BLEP ELECTXRONXCe C 0 .  
P. 0. BOX 100, HIGHWAY 441, DEPT. HR 

OTTO, NORTH CAROLINA 28763 

FREE STANDING 
ALUMINUM TOWER 

FOR THESE RADIOS ON 
STANDARD ARRL REPEATER 

I 
FREQUENCIES: I 

I 

DRAKE - TR-22 Crystal Controlled - Digitally Synthe- I sized Tones. 
I 

I Low Current Drain CMOS Logic. I 
ICOM/VHF ENGINEERING I 

KEN/WILSON 
REGENCY HR-2A/HR-212 EVER MADE! 
HEATHKIT HW-202 
REGENCY HR-2B 

REQUEST 

STANDARD 146/826 - STANDARD HORIZON 

Send for f ree  frequency 
list and order blank to: I 2" Square Velcro Available for Con. I 

I venient Mounting - Dashboard - Sun I 
I Visor - Radio - Etc. 

TOWERS & 
I 

ANTENNAS 

COMMUNICATIONS INC. Midwest Ham Headquarters 
DEPT. 10276 For Over 36 Years 

HAMS! Write For Free Catalog 
BOX 469, QUINCY, MA. 02169 and Wholesale Prices! 

PHONE: (617) 471-6427 
P. 0 .  BOX 271 ELECTRONIC DISTRIBUTORS, INC. 

I 
WAYNESVILLE. OHIO 45068 1960 Peck Muskegon. MI 49441 

I 
I 

513.897-2926 I Tel: 616-726.3196 TELEX: 22-8411 
I 
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KLM PRODUCTS, Larsen ants., Icom, police 
and fire scanners. Send for prices. Not glven 
aver phone. Narwid Electronics, 61 Bellot 
Road, Ringwood, N. J. 07456. 

flea market 
6.3 Volt 1 Amp Transformer. Fully Shielded. 

$1.75 Each ppd. 
Transformer - American Made - 115V 
Primary - 12V sec. - 250 mi ls  - !or 
P C  Board Mountin Size: 1%" x 1% x li/BX, 3.5 ounces. Brice: $1.40 ea. ppd. 

FREE Catalog. LEDS, Microphones, Nicads, 
IC's, Relays, Ultrasonic Devices, Precision 
Trimmer Capacitors. Digital Thermometers, 
Unique Components. Chaney's, Box 15431, 
Lakewood, Colo. 80215. 

TRANSFORMER. 115 volt pri- 
mary, 12 volt % amp second- 
ary. $1.68 ppd. 

LEARN CODE IN A FEW DAYS with audio 
reflex method of teaching letters, numbers, 
punctuation. One hour cassette only $7.00. 
Guardian, 20 E. Main St., Ramsey. N. J. 07446. Transformer - 115 Volt Primary - 12 

Volt 1.2 Amp Secondary $2.57 ppd. 
Transformer - 115V primary. 12V, 3A 
Secondary $4.15 ppd. 
Transformer, 115 VAC primary, 18 volt, 5 
amp ccs or 7 amp intermittent duty 
secondary $6.60 ea. ppd. 
Transformer - American Made - Fully 
shielded. 115 V Primary. See. - 24-024 
@ 1 amp with tap at  6.3 volt for pllot 
light. $3.15 ea. ppd. 
30-0-30 V - 2.5 AMP SHIELDED TRANS- 
FORMER - AMERICAN MADE - 3 
pound. 2%" w. x 3" h. x 3%" deep, with 
6.3 V - 1A winding. $5.15 ppd. 
115 Volt Primary. Secondary #1: 32.0-32 
Volt @ 1 Amp. Secondary #2: 6.3 Vo;;s. 
Low Current for Pilot Lights. Size 2% x 
2%" x 3". Price: $2.65 Each ppd. 
TRANSISTOR OUTPUT TRANSFORMER - 
One watt rating 200 ohm Centertapped 
primary, 8 ohm secondary 

Price: 854 Each ppd. 

- 
MARINE FMH-MC, $299.00. Yaesu FT2 auto 
scanner xcvr, $289.00. FTDX400, $395.00. 
FTDX570. $469.00. Herb. Days 213 478-3577, 
nite 276-8769. 10960 Wilshire. Suite 527. Los 

RATES N o n - c o m m e r c i a l  ads lo$ 
p e r  word;  c o m m e r c i a l  ads 4 0 $  p e r  w o r d  
both payab le  in advance.  No c a s h  dis- 
c o u n t s  or agency  commissions al lowed. 

HAMFESTS Sponsored by non- 
profit o rgan iza t ions  receive o n e  free Flea 
Market a d  (subject to our editing). Re- 
p e a t  i nse r t i ons  of h a m f e s t  a d s  p a y  the 
non-commerc ia l  rate. 

COPY No specia l  l ayou t  o r  a r -  
r a n g e m e n t s  avai lable. Ma te r ia l  should 
be typewr i t ten  or c lea r l y  printed a n d  
must inc lude  full n a m e  and address.  W e  
reserve t h e  right to re jec t  unsu i tab le  
copy. Ham Radio can not check each 
advertiser a n d  thus cannot be he ld  re- 
sponsible for c l a i m s  made.  L iab i l i t y  for 
correctness of m a t e r i a l  l i m i t e d  to cor- 
rec ted  a d  in n e x t  avai lab le issue. 

DEADLINE 15th of second  preced- 
ing month. 

SEND MATERIAL TO: Flea Market ,  
Ham Radio, Greenvi l le, N. H. 03048. 

Angeles, Calif. 90024. 

NOVICE, GENERAL AN0 CODE COURSES are 
available at the Harrison, New York School of 
Continuing Education. 10 two hour sessions 
one evening a week. Contact George Buchanan 
WB2FVX. (914) RO-1-4183. 

NORTHWESTERN PENNSYLVANIA Swapfest. 
May 1. Crawford County Fairgrounds, Mead- 
ville. Free Admission. $1 to display. Flea 
market begins at 10:OO a.m. Hourly door 
prizes; refreshments. Commercial displays 
welcome. Indoor i f  rain. Talk-in 146.04/64 and 
146.52 MHz. Details. Crawford Amateur Radio 
Society, Box 653, Meadville, Pa. 16335. - 
PAYING 5% OVER BEST OFFER for Eimac/ 
Varian tubes, ham and commerc~al gear, etc. 
Ted Dames. WPKUW. 308 Hickory St., Arling- 
ton, N. J. 07032. (201) 998-4246. 

American Made % watt carbons with ful l  
leads. Completely standard. Some 5%. 
some lo%, some 20%. 
6.8 470 3300 75K 1.5 MEG 
22 620 4700 lOOK 1.8 MEG 
27 750 5600 120K 2.2 MEG 
39 1000 6800 180K 2.7 MEG 
47 1300 8200 220K 5.6 MEG 
82 1500 1OK 330K 9.1 MGE 
100 1800 22K 390K 1 0 M E G  

FREE FLYER of electronic parts, printed cir. 
cuits, kits, photo items, misc. Write to R & L 
Photo-Electronics Co., Dept. HR, P. 0. Box 
1432, Reseda, Ca. 91335. 

THE 21ST ANNUAL HAM AUCTION. America's 
Largest. Saturday, March 13. 1976, at Lucas 
County Recreation Center. Toledo. Ohio. Auc- 
tion, flea market, commercial displays, prizes. 
8:00 a.m. to 5:00 p.m. $1.50 advance, $2.00 
after March 1st. Send SASE. Talk.in 146.52. 
Toledo Mobile Radio Association. Box 273. 
Toledo, Ohio 43696. 

--- 
Your chbi fe  - 33% $I.~.'M-& be mixed 

General Purpose Germanium Diodes. Sim- CIRCUIT BOARDS. Artwork, negatives, etchings. 
SASE for details. Karl Raup. WB40XG. Box 
498. Springfield, Virginia 22150. 

ilar to l ~ 3 4 a  etc. All Cathode banded. 
Full leads. 16 for Sl.OO D D ~ .  

B.A.R.T.G. SPRING RTIY  CONTEST - From 
0200 GMT March 27th to 0200 GMT Marc.h 
29th. No more than 30 hours of operation IS 
permitted. Listening counts as operating. Off 
periods may not be less than 3 hours. Times 
on and off must be summarized on the log 
and score sheets. Separate categories for 
mult i  operator stations and SWL's. 3.5 thru 
28 MHz amateur bands. Stations may only be 
contacted once on any one band, but addit~onal 
contacts may be made on other bands. Mes- 
sage exchanged wil l  consist of time. RST and 
msg. no. Two-way RlTY contacts within one's 
own country earn Two points. Two-way RTTY 
contacts outside one's own country will earn 
Ten points. Stations will receive a Bonus of 
200 points per country worked on each band 
including their own. Two way exchange points 
times total countries worked plus total country 
points times bonus points times number of 
continents worked equal total score. Logs must 
be received by May 31 by Ted Double. GBCDW. 
89 Linden Gardens, Enfield, Middlesex, Eng- 
land EN1 4DX. - 
MANUALS for most ham gear made ,1940/65, 
some earlier. Send SASE for speclflc quote. 
Hobby Industry. W0JJK. Box H-864. Councll 
Bluffs, Iowa 51501. 

- 
RARS 1976 ANNUAL HAMFEST, Aprjl 11. For 
details write: RARS, Box 17124, Rale~gh. N. C. 

Small, glass, silicon diodes. Fairchild FD. 
type. Full leads and guaranteed. 

Price: 16 for 51.00 D D ~ .  27609. - 
FACTORY-ALIGNED GLB Channelizer., HW202. 
WAgQDZ, 2851 Ways~de Dr., Evansv~lle, Ind. 
47711. - 
TELEVISION diagnostic repair course prepared 
by master technicians. Lessons only $6.00 
each. Optional matching one hour cassette 
tape $6.00 each. Send for first lesson and 
master index. Guardian. 20 E. Main, Ramsey. 
N. J. 07446. - 
TECH MANUALS - $6.50 each: SP-600JX. 
URM-25D OS-8B/U. BC-348JNQ. Thousands 
more available. Send 506 (coin) for large list. 
W31HD. 7218 Roanne Drive. Washinaton. D. C. 

... -- 

RED NYLON CABLE TIES 
BALL-BEAD TYPE - 4 l h  LONG 

Price is 70 for $1.00 ppd. 

PL-55 TYPE PHONE JACKS 
High quality American made 
jacks. J/8 inch mounting 
with hex nut. Extends 1%" 
behind the panel. Includes 
circuit switch that opens 
upon insertion of plug. 

Price: 506 each or 3 for 51.25 D D ~ .  

20-02 . - - - - - 
HOMEBREWERS: Stamp brings list of high 
quality components. CPO Surplus, Box 189, 
Braintree. Mass. 02184. 

. . .  

BACK IN STOCK ONCE AGAIN 
fT- -- 3000 MFD NEW SINGER MODEL RLE-1 low frequency 

standards receiver - complete with LFA-1 
antenna and 100 feet connecting cable ready 
to go. Make offer. KH6ZT. A. S. Morgan. 4916 
Haleilio. Kapaa. Hawaii 96746. 808-822-4726. 

-- - -- 
@ 30 Volt 

- - Ca~acitors. 
Size 1" ~ i a m e t G 3 "  ~ong.. 90c Each 

or 3 For $2.25 ppd. 

CANADIAN JUMBO SURPLUS and Parts Cata. 
logs. Bargains Galore. Send $1. ETCO-HR, Box 
741. Montreal "A" H3c 2V2. 

STOP don't junk that televisian set. ASE man- 
ufactures the world's most complete 11ne of 
television picture tubes. Over 1700 types. 
Most types immediate delivery. Tubes for Old 
or New TV's. black & white and color. 2 vear 

3000 MFD @ 20V Capacitors. Same size 
as above. 804 ea. or 3 for $2.00 ppd. 

CRL DISC CAPACITORS 
- 

STERLING ROCK FALLS Amateur Radio Society 
Hamfest. March 7, 1976. New bigger and bet. 
ter location. Sterllng, High School Field House, 
1608 4th Ave.. Sterllng. Illinois 61081. Tickets 
$1.50 advance, $2.00 at door. For Info w r ~ t e  
Don Van Sant. WA9PBS. 1104 5th Avenue. 
Rock Falls. Illinois 61071. Talk i n  on 94 
Simplex. - 
ROCHESTER HAMFEST 1976 ,is Sa!urday., May 
22. Your name added to ma~ l lng  1st or  Infor. 
mation - write: Rochester Hamfest, Box 
1388, Rochester. N. Y. 14603. - 
TWO HEATHKIT TWOERS - good condition 
with manual and two crystals. $45 or best 
offer. WA7EXH. Rt. 1, Box 172-A3. Halsey. 
Oregon 97348. Ph. 503-491-3591. 

fact6;i wa;;antyy Lowest prices anywhere. 
Allled Sales & Engineering. Inc.. D e ~ t .  22. 
Pimento. IN 47866. Telephone 812.495-6555. 

59.104 OWNERS CLUB - Expanding its hori. 
zons to include the HW-104 and the new Heath 
2 meter equipments. Newsletter, builders 
guides, modification information and other 
services on current Heathkit amateur equip- 
ments. Send SASE for deta.ils to  Chuck Har- 
rlson, RD 2 Box 1. North Stonlngton. CT 06359. 

Red 6 foot #18-2 line cord with f l a n g e d  
safety plug - 55d ea. or 3/$1.45 ppd. 
AMERICAN MADE POWER CORD, 6 foot 
gray, 7A, plugs into auto liter socket 

956 ea. or 3/$2.55 
115V. 6' Gray AC Line Cord 

456 ea. or 3lS1.25 
INDIANA LAKE COUNTY Amateur Radio Club, 
Inc.. 23rd Annual Banquet. Saturday, February 
21, 1976, at 6:30 p.m. CST. Location. Griffith 
Knights of Columbus Hall, 1400 South Broad 
Street. Griffith, Indiana. Program includes 
delicious home-cooked food, entertainment, 
speeches, gifts, special awards. , Come! Bring 
your friends and enloy an evenlng of fellow. 
ship. Tickets are $7.50 each. available from 
Herbert S. Brier, W9EGQ. 409 S. 14th St.. 
Chesterton. lnd~ana 46304, or from other club 
members. Positively no tickets sold at the door! - 
VERY in-ter-est-ing! Next 4 b i  issues $1. "The 
Ham Trader." Sycamore, IL  g0178. 

.-? - -, 7 -  -- 

UNPOTTED TOROIDS - center tapped, 
88MHY 5 for $2.95 ppd. 

SEND STAMP FOR BARGIN LIST 
Pa. res~dents add 6% State sales tax 

ALL ITEMS PPD. USA 
Canadian orders for less than $5.00 add 
S1.OO to cover additional mailing costs. 

- 
PORTA-PAK the accessory that makes your 
mob~ le  really portable. $59.95 and $39.95. 
Dealer ~nquirie; invited. P. 0. Box 67. Somers, 
Wisc. 53171. - 
MOTOROLA HT220, HTZOO. Pageboy. and other 
popular 2M FM transceiver (Standard. Regency. 
etc.) service and modifications performed at 
reasonable rates. WA4FRV. (802) 272-8403. - 
TELL YOUR FRIENDS about the BIG NEW Ham 
Radio Magazine! I \ electronic specialties-BOX 353, IRWIN, PA 15642 1 
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PC BOARD negatives made photographically 
from your or magazine's art work. Now obtain 
professional results quickly. simply. 4 x 5. 
$3.00 or SASE for information. WA4FRV. 10139 
Apache Road, Richmond. Virginta 23235. 804- 
272-8403. - 
WYOMING RANCH LAND. Wild horses, ante- 
lope. deer. elk. 10 acres $30 down. $30 month. 
FREE Maps . Photos .Info. Owner - K61CS. 
Mike Gauthier. 9550 Gallatin. Downey. CA. 
9n74n - 

2 

- - -  .-. 
RlTY - MODEL.15, T.D. unit, converter, rnan- 
ual $65.00 u.sh~ WA5CBF. P. 0. Box 143, 
 ion. Okla. 73576. 

m u  
0.1 Hz. to 100 KHz. 

For only $39.95 
Our new FG-2 Funct ion Generator k i t  

gives y o u  a l l  f ive o f  the most useful 

waveforms for  design and testing at  one 

fou r th  the cost o f  previous similar in-  

struments. Thanks t o  improved IC's the 

FG-2 n o w  features ampli tude stabi l i ty 

of 2 1 d b  over any range, Sine wave 

d is tor t ion o f  less than 1% f rom 20 Hz. t o  

20,000 Hz. and an ou tpu t  o f  4.0 Vol ts  

peak-to-peak w i t h  adjustable offset. The 

offset selector lets y o u  pu t  the positive 

peak, negative peak, o r  the center o f  the 

waveform o n  D C  ground. The D C  coupled 

circuit  keeps the waveforms i n  exactly 

the same posit ion n o  matter what the 

level contro l  setting. 

Gray impact plastic case 5% x 6% x 2%. 
115 Vol ts  60 cycle power supply included. 

FG-2 Funct ion Generator K i t  

shipping weight 3.0 lbs ......... $39.95 PPd 

SEND FOR OUR 

NEW 1976 
CATALOG 

listing this and other unique kits 

('1 R € EPP 
by simply circling our number 

on the reader service card. 

m SOUTHWEST T E C H N I C A L  
PRODUCTS CORPORATION 

DEPT. H 

219 W. Rhapsody 
San Antonio, Texas 78216 

d 

. . - 
JAPANESE TRANSISTORS - All Transistors 
orlglnal factory made. Over 500 types avail- 
able. Write for free catalo West Pacific Elec- 
tronics. P. 0. Box 25837: W. Los Angeles. 
CA 90025. - 
DRAKE CC-1 SC-2 SCC-1 CPS-1 $130. Heath 
scanner # ~ d l 1 0 .  i46.94 &HZ insjalled. $80.00. 
Drake R4B, $310. Hallicrafters SR42.A and 
matching VFO. $115.00. Heath crystal fi lter 
VSBA301- I  (AM), $18.00. Crys ta l  pack  
#SBA401.1. $20.00. Colella. WAPHQD. 105-18 
131 St., Richmond Hill. N. Y. 11419. 212 641- 
2559. - 
TRAVEL-PAK QSL KIT - Send call and 25C- 
recelve your call sample kit  i n  return. ~ a m c o :  
Box 203, Wynantskill. N. Y. 12198. - 
TEKTRONIX SCOPES. Hewlett-Packard audio 
& RF generators. and other test o r  electronic 
equipment. Transformers, tubes, amateur sup- 
plies, surplus, and scarce parts. Free catalog. 
Electronic Specialties. 1659 Wetmore, Tucson. 
AZ 85705. (602) 887-9729. - 
MODERN 60 MIN. CODE CASSETTES. Novice 
0.5 wpm, Progressive 5-13 wpm, General 13-15 
wpm. Extra 20.22 wpm. $3 each. 4/$10. Royal. 
Box 2174. Sandusky, Ohio 44870. 

UNSCRAMBLE POLICE CODE with decoders. 
Works on all scanners and receivers. Guar- 
anteed. For prices and brochure write: Don 
Nobles. Rt. 7. Box 2658, Hot Springs. Ark. 
71901. 501-623-6027 (Dealer inquiries invited). 

QRP TRANSMATCH for HW7. Ten-Tec. and 
others. Send stamp for detalls to Peter Mea. 
cham Associates. 19 Loretta Road. Waltham. 
Mass. 02154. - 
GREATER BALTIMORE HAMBOREE. Sunday. 
April 4th at 9:00 a.m. at  Calvert Hal l  College. 
Goucher Blvd. and LaSalle Road. Towson. 
Maryland 21204. (1 mile south of Exit 28 
Beltway - Interstate 695) Prizes. flea market. 
registration $2. 250 tables inside gym. Over 
1000 attended last year. Info: Contact Brother 
Gerald Malseed. W3WVC at the above address. - 
ANTENNAS: Dipole, multiple band arrays. 15 
thru 75 meters from $59.50. Mobile Antennas 
- CB. 20M. 40M, and 2M from $19.50. Baluns: 
1:l and 4:1 . $12.95 ea. Data Available. Savoy 
Electronics. Inc.. P. 0. Box 5727. Ft. Lauder- 
dale. Fla. 33310. 

SIDESWIPER only $13. Airmailed USA. Kungs. 
~mport .  Box 257. Kungsbacka. - Sweden. 

PC's Send large S.A.S.E. for list. Semtronics. 
Rt. &3. Box 1. Bellaire. Ohio 43906. - 
BUY - SELL - TRADE. Write for free mailer. 
Give name, address, call letters. Complete 
stock of major brands. New and reconditioned 
equipment. Call us for best deals. We buy 
Collins. Drake. Swan, etc. SSB & FM. Asso- 
ciated Radio. 8012 Conser. Overland Park. 
Ks. 66204. 913.381.5901. 

OSCAR SLIDES, set of 5. $1.25. Launch and 
spacecraft. Proceeds AMSAT. K6PGX. P. 0. 
Box 463. Pasadena. CA 91102. - 
MARYLAND FM ASSOCIATION'S Electronic 
Swapfest. March 14. 1976 from 0830 to  1530 
hours at High Point High School. 3600 Powder 
Mill Road. Beltsville. Mawland. Open to all 
persons interested in  elecironic and/or radio 
communications. Donations $2.00 per person. 
tables available for $3.00 per table. Anyone 
wishing advance ticket and/or reserved table 
send appropriate remittance to  David Mc- 
Crory. WA3TKW/KQ12199. P. 0. Box 111. Col- 
lege Park. Maryland 20740. Checks payable 
to the Maryland FM Association, Inc. - 
RECONDITIONED TEST EQUIPMENT for sale. 
Catalog S.50. Walter. 2697 Nickel, San Pablo. 
Ca. 94806. - 
CPMPUTER HOBBYISTS! Bargain hunt or  sell 
vla On-Line. 18 issues/year . $3.75. Free 
sample issue from: On-Line. 24695 Santa Cruz 
Hwy., Los Gatos. CA 95030. 

1 ENGINEERS 
RF COMMUNICA- 
TIONS has immediate 
openings for Elec- 
tronic Project Engi- 
neers and Design Engi- 
neers experienced in 
HF, SSB, VHFIUHF - 
F M communications 
equipment, or both. 

Call or write 
Ken Cooper, WZFLZ 

RF Communications Div is ion 

COMMUNICATIONS AND 
INCORM/\TK)(Y UANDLlNG 

1680 Un~vrn~soty Averjue 
Rort,esrar. New York 9 4 6 1 0  U 5 A 

A' ft ,r. l i  O O ~ , , " " , , ,  Irn00"*, V 5 

V H  F/U H F CONVERTERS 
PREAMPS 

Ten metprs through 432 MHz. A post card 
will br~ng our full 1976 Catalog. 

@ JAln laboratories 
220 N W  POLK AVE. 
CORVALLIS, OREGON 97330  

Telephone: 503-757-1134 
I 

New England's Friendliest 
Ham Store - "Stop by and see us". 

TUFTS 
RADIO ELECTRONICS 
386 Main Street, Medford, Mass. 02155 

L 

Other tubes and Klystrons also want. 
ed. See HR last issue for other equip. 
required. 

I The Ted Dames Company I 
308 Hickory Street Arlington. N. J. 07032 

(201) 998-4246 Nites (201) 998-6475 
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HIGH FREaUENCY ANTENNAS 

4 ELEMENTS 40 METERS 
--*ax 

. -. 

INTRODUCING THE LONG AWAITED, PRACTICAL SIZED, HlGH PERFORMANCE 4 0  METER 
"BIG STICK" DUAL DRIVEN YAGI. NOW YOU CAN HAVE CONSTANT GAlN AND LOW 
VSWR ACROSS THE 4 0  METER BAND. DUAL DRIVEN ELEMENTS FOR HlGH EFFICIENCY 
AND CLEAN PAlTERN. LlGHlWElGHT BUT STRONG MATERIALS INCLUDING KLM EX- 
CLUSIVE EPOXY INSULATOR DESIGN . . . 

SPECIFICATIONS 
FREQUENCY: 7.0.7.3 MHz 
ELEMENTS: 4, LINEAR LOADED 

46' MAX. LENGTH 
BOOM: 3" DIA. X 42' LONG 
TURNING RADIUS: 32' 
SHIPPING CONTAINER: WOOD CRATE 12' LONG 

125 LBS. TOTAL WEIGHT 

GAIN: 7.25 dB/DIWLE 
F/B: 20 dB  TYPICAL 
FEED IMP.:200 OHMS BALANCED 

(50 OHMS WITH OPTIONAL 
KLM 5-31 4:l BALUN - $13.95) 

WEIGHT: 85 LBS. 
WIND AREA: 10 SQ. FT. 

PRICE $495.00 

20 METER 5 ELEMENT 15 METER 6 ELEMENT 

KLM 13.9-14.4-5 $249.95 
9.7dBd GAlN 30dB F/B 

KLM 21  .O-21.5-6 $224.95 
10.5dBd GAlN 30dB F/B 

WHEN YOU SPEAK OF PERFORMANCE IN 
ANTENNAS, AMPLIFIERS OR TRANSCEIVERS THE NAME IS: 

17025 LAUREL ROAD 
MORGAN HILL, CA. 95037 ICL M EI~ECTROSICS (408) 7 n a 3 m  

?A*..",. ."D 
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flea market 
500 MHZ SCALER 

MODULE 

ONLY 1.55 x 1.65 x .4 INCHES 
Fits Right Into Existing Equip- 
ment. 

HIGH SENSITIVITY: 
35 mv at 500 MHz. 
15 mv at 150 MHz. 

INPUT IMPEDANCE: 50 ohms 

REQUIRES 12 to  15 VDC at 100 
ma. max. 

I T L  compatible output F /10 
IN 

OVERLOAD PROTECTED 

PS-M Prescaler Module wired b 
tested. 

$99.00 plus $.85 shipping 

Calif. residents add 6% sales tax 

WRITE FOR DATA ON ENTIRE LINE 
OF PRESCALERS 

LEVY 
AgeOETAVEg 

P. 0. Box 961 Temple City. CA. 91780 

WANT HP25. S. Webb. 2790 W5 St.. Brooklyn. 
N. Y. 11224. - 
QSL'S - BROWNIE W3W1 - 30356 Lehigh. 
Allentown. Pa. 18103. Samples wlth cut cat- 
alog 356. - 
WINNEBAGO 20-foot motorhome. Loaded wlth 
options. Hot and cold running water, ful l  bath- 
room, heat, air conditioning, 2500-watt genera- 
tor, antennas. Sleeps 6.8. Ideal for field day. 
Send for spec sheet to Peter Stark. K2OAW. 
Box 209. Mt. Kisco. N. Y. 10549. - 
DAVENPORT RADIO AMATEUR CLUB HAM- 
FEST. Feb. 22. 1976 at the Masonic Temple. 
Davenport. lowa. Admission $1.50 advance and 
$2.00 at  door. T~ckets available: W r ~ t e  WAQIGXC 
Dick Lane. 116 Park Ave. So.. Eldridge, lowa 
52748. - 
MOBILE IGNITION SHIELDING provides more 
range wlth no noise. Available most engines 
in assembled or kit forms, plus many other 
suppression accessories. Free literature. Estes 
Engineering, 930 Marine Dr.. Port Angeles. 
WA. 98362. - 
1.V: - SERIOUS EXPERIMENTERS - R.C.A. 
m ~ l ~ t a r y  Image or th~con system. camera. sync 
unit. power supply. 7N monitor, 600 lines res- 
olution. Info. Peter S. Gerry, 34 Newcomb Dr.. 
New Providence. N. J. 07974. 

* 

- 
NEW CANADIAN MAGAZINE. "Electronics Work 
Shop". $5.00 yearly. sample $1.00. ETCOB. 
Box 741, Montreal. H3C 2V2. 

A Brokerage 
for HAM GEAR?? 
That's right. Now there's a place you 
can call to find out who's selling the 
equipment you're looking for- 
absolutely free. Sound incredible? 
BUYERS (L SELLERS radio brokerage 
compiles its listings from sellers all 
over the country for all kinds of radio 
gear, test equipment, etc. If you're 
looking for ham gear, give us a call. 
We'll put you in touch with someone 
selling the gear you want, usually in 
your vicinity. 

If you've got something to sell, or 
have some equipment that's been 
collecting dust, let us know about it. 
Sellers list their equipment at no 
charge and pay a 10% commission of 
the asking price only if we find you 
a buyer and a sale is made. 

Do it now! Get together a list of gear 
you have to sell and/or would like 
to buy. give us the details, and we'll 
do the rest. When writing be sure to 
include your callsign, name, address, 
telephone, make and model of unit 
you're buying or selling. Sellers should 
also include the age. condition, price, 
and all serial n0.s. 

WRITE OR CALL: 

BUYERS & SELLERS 
61 7-536-8777 

Post Office Box 73, Boston, Mass. 02215 
Weekdays 9am.5pm Wed 8 Sun 7prn-mldnlght . 

TRADE: R-lOSl/URR for T-827/URT. WABFAD, 
528 Bonita. Pleasanton. California 94566. - 
"HAM BUY LINES" Send name and address 
for Literature. Vito laco elli. 1720 77 St.. 
Brooklyn. New York 1121g. 

IC-230. Brand new. Swee stakes prize, never 
used. $399. KZCTK. 516-2g5-0587. 

DO-IT-URSELF DXPED~ION - sta at ZFISB 
- Cayman Is. Vertical antenna a n J ~ a r i b b e a n  
at  your doorstep. Diving/fishing i f  band folds. 
Write Spanish Bay Reef Resort, Box 800K. 
Grand Cayman. 19. W. I. 

FEW 6939 TUBES for  SSB mixer-amplifiers 
2-6-220-432. $5. 4X150A.s for lOOW linear De- 
cember Ham Radio $ 5  FOB. Use 62-220-432 
plate tanks too! Cheapest power .you can get. 
W4API, Box 4095, Arlington, Virglnia 22204. - 
FERRITE BEADS Ferroxcube beads w/specifi. 
cation and appltcatton sheet - 10 @ $1.00 
postpaid. Includes latest catalog. CJO Surplus. 
Box 189. Bra~ntree. Mass. 02184. 

GIVE YOUR ASCII-BAUDOT KEYBOARDS, Morse 
Code keyboard generators, or keyswitch ori- 
ented master control stations a distinct ro- 
fessional appearance with the Univue fey- 
board and control center enclosure. The 24 x 
12% x 3" Univue enclosure gives you dimen- 
s~ona l  flexibility with a modern low profile 
appearance. The blank 23 x 8" removable 
aluminum front panel is easily cut to  ac- 
commodate virtually any keyboard or control 
arrangement. Over 200 cubic inches of space 
in  the rear is available for housing additional 
c~rcuitry, allowing a complete and handsome 
desk top unit. The Univue enclosure body js 
precision machined welded steel. and 1s 
primed and surfaced light gra ready for the 
color co-ordinated finish 07' your cho~ce. 
Shipped complete with panel, heavy duty non- 
skid rubber feet, plated mounting hardware. 
and Money-Back Guarantee. $29.95 plus $4.50 
shipping/handling. Send stamp for complete 
information and pictures to: Advanced Data 
Sciences. P. 0. Drawer 11478, Marion. Ohio 
A7107 - 
COLLINS- 30s-1 in  excellent operating and 
physical i ondx  for Bendix R.I051B/E receiver. 
Sid Sidman. 3571 Gresham Court. Pleasanton. 
Calif. 94566. - 
WANTED: Rotaw inverter. input 32 volts D.C.: 
output 115V. 60 Hz. 200 watts or  larger. K. 
Sorensen. Box 182. Tingley. lowa 50863. 

ENGRAVED RADIO LICENSE. Exact reoroduc- 
tion in solid brass. Permanent identification. 
Send good Xerox copy. with $5.00. to  Metal 
Art Graphics. 1136 Potomac Ave.. Hagers- 
town, Md. 21740. - 
FIFI'Y CENT HAMFEST, February 28. 1976. at 
Tri-county Rehabilttatlon Center. US-1. 3 miles 
south. Stuart. FI. Talk-in 146.94. For tables 
ctc K4ZK. 454 Skyline Dr., Jensen Beach. 
Fla. 33457. - 
WANTED: tubes, transistors, equipment, what 
have you? Bernard Goldstein. WZMNP. Box 
257. Canal Station. New York. N. Y. 10013. 

ALDELCO Semiconductor Supermarket 
RF Dwlces 
2N3375 3 w a l l  400 MHz 5.54 2N3866 1 all 400 M A  .99 
215590 10 w a t l  175 MHz 4 15 215591 25 watt 175 MHr 10.95 
216080 4 watt 175 MHz 5.40 2N-1 15 watt 175 MHz 8.45 
2N6082 25 u t l  175 MHz 10.95 2Nb083 30 watl 175 MHz 12.30 
2N6084 40 wt1175 MHz 16.30 ZN4041 l a l l 4 0 0  MHz 5.25 
IN2637 Rrplasn 8bb. 8 W ,  3828 9.80 
Silicon Tub. R.plac.m.nh 
IN2389 R q l a r n  5U4. 5Y3. 5W4 5.25 
5872 Rcplam 872 

2 Amp Epoxy Brldy R u t l k  
1M) Volt .25 W V o l l  .45 
2W volt .35 boo V0I1 .55 
212222 or 2 N m 7  .I5 2N5496 or ZNblOB .35 
2N5179 .90 FTObOl .W 
741 a 709 14 pin DIP .25 2N3819 FET .35 
555 Timer .75 2425V 3.50 
200 Volt 25 Amp Brid~. .49 Z N 3 W  or ZN3906 .I5 
Iswn IN746 to lN759 .25 Iemn IN4720 l o  IN4764 .35 
lN91C lN4148, INW, IN64 Rst. 1000 Volt 2 Amp . I S  

.I5 
We quote on any device at any quantity. All llams 
postpaid. f5.W Man, order. Send Stamp for flyer. 
NVS add tar. 

ALDnCQ P. 0. BOX 34lH 
v LVNBROOIC. N. 1.11563 

MILITARY 
SURPLUS WANTED 
Space buys more and pays more. High- 
est prices ever on U.S.  Military sur- 
plus, especially on Collins equipment 
or parts. We pay freight. Call collect 
now for our high offer. 201 440-8787. 

SPACE ELECTRONICS CO. 
div. n f  Military Electronics Corp. 

35 Ruta Court, S. Hackensack, N.J. 07606 

HFISSB DESIGN ENGINEER 
The manufacturer of renowned Alpha line linear 
amplifiers has expanded Into a wide range of 
MF/HF/VHF products, concentrating on HF/SSB. 
Here's a great opportunity for an outstanding EE 
with strong state-of-the-art design experience to 
"get in on the ground floor" and grow with a 
young company that's already world famous for 
product innovation and quality. Technical areas 
include transmitters, receivers, synthesizers, linear 
ampl~fiers, antenna couplers, and accessories. Your 
Amateur Radio background will be very useful. 
Small town in wooded hills convenient lo Tampa 
Bay metro area offers excellent year-round living 
and recreation. Send detailed resume, including 
salary history to Dick Ehrhorn President. Techni- 
clan and marketing/serv~ce dositions also open; 
Amateur Radio background essential. 

EHRHORN 
TECHNOLOGICAL OPERATIONS, INC. 

P. 0. Box 1297 . Brooksville, FL 33512 
904-596-371 1 

CONNECTOR 
HIE-QUE IHQ-I) dspale conncclor 
has ( o . % x  $0 .)?9 socket  molded anto 
Blnrs I~llr<l yl~artoc 11ody to n c c r p ~  
coax  PL 759 plug on leedlqne Orap 
c a l l  L c c T ) ~  ronx IlltlnRs dry Inslruc- 
llorlr ancludsd G u l r l n f r c d  I ,  
r(caler% or 11.95 palpaid. C%: 
pnrloon tnrulalorr 7fi.99. 

BUDWIG MFG. CO. PO BOX 97H. Ramona. CA 92065 
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G R A N D  OPENING SPECIAL! 

M O T O R O L A  METRUM II 
5 0 (hal f  suggested l ist  ! ) -. a.mw 

L U t  KOTOr-S 

SPECIFICATIONS= 
FEATURES= Transmitter Power: l W / 2 5 W  

25 Watts out Receiver Sensitivity: .2uV 

Hot, selective receiver Power Requirement: .3 A receive, 
7.5 A transmit (25W) 

12 channels Size: 2)/rx11~9~14 inches 
Single crystal R/T Optional PL, ACpower supply 
PL provision built in and multiple repeater offset kits available 

V-. 

Mail orders shipped UPS same day on receipt of cashier's check or 
money order. Mail orders add f 10 for handling and shipping. _I 

HOURS: 9:30 - 9 Mon. & Thurs.; 9:30 - 5:30 Tues., Wed. & Fri.; 9 - 3 Sat. 
Open more than 50 hours a week t o  serve you better 

ERICKSON COMMUNICATIONS, INC. 
5935 North Milwaukee Ave., Chicago, IL 60646 

Mo! 
Newt 

Rnrrr 

l ins 
c r a f t  
Signal 
tron 
t - 

;ley 
ronics 
anrv 
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Solid State Modules 
2050 KOMO MA1 DRIVE 

PEARL CITY. HAWAII 96782 
PHONE (808) 455-2282 

This unit is a linear transmit and recelve con- 
verter from 10 meters to 2 meters, suitable for 
use with either a separate transmitter and re- 
ceiver or transceivers. 

Any transmissions mode fed into the unit is 
retransmitted on 2 meters. When used with YAESU 
MUSEN gear it takes its power directly from the 
accessory socket on the H.F. equipment. 

Used in conjunction with other gear, the required 
voltages may be taken from the H.F. equipment or 
a separate power supply may be used. 

SPECIFICATIONS 
Dual Gate MOSFETS in the receive converter. 
Bipolar transistor oscillator chain. 
200 W P.E.P. input. 
Transmit drive requirement only 100 mW. 
Receive converter gain - 3048. 
SIZE - 9" x 43h" front panel 4%" deep. 
Power supply requirements: - 
1. 600-800V at 250 mA. 
2. 300-350V at 70 mA. 
3. -75 to -150V at 5mA. 
4. 12.6V ac. 1.8 amp. 

The Europa-8 ON-OFF switch switches the Yaw 
H.F.P.A. heaters ON and OFF automatically. 

Introductory Price: $279.95 less tubes 
Tubes Required 2 - 6360 

1 - 5894 
Total pr ice wi th  tubes $299.95 

Dealer Inquiries Invited 
Low Noise and Miniature VHF Pre-amps available. 

! p_ 

Pedestr lm Portable? FM o r  SSB or both - To mate with the IC-202, or your old 
FM HT, new goodies from SCS. 

Sidekick Linear Portable System - 3 
watts in, 30 watts out ...................... $219.95 

And NEW Amps for  FM and  SSB modes: 
2M3.30L, 3 watts in. 30 watts out $109.95 
2M3-140L. 3 watts in, 140 watts out $199.95 

And for  easy carrying: 
DX 'J' Collapsible for  2 meters, including 
cable (specify connector) ................. $39.95 

Write now or contact your nearest dealer! 

Specialty Communications Systems 
4519 Narragansett Avenue 

San Diego. CA 92107 

Louis N. Anciaux. WB6NMT 

(Dealer inquiries invited.) 

714-222-8381 

flea market 
BRAND NEW CARTRlVlSlON COLOR VIDEO 
RECORDER.REPRO0UCER ELECTRONIC UNIT. 
Contains power supply with adjustable, regu- 
lated outputs of k 10 t o  t 18 ,VDC. 
( ~ 1 .  15 VDC I!, 1 %  amps) Third output IS 10 
VDC at 3 amps. Perfect for CMOS. TTL, Op- 
Amos and MICROPROCESSORS. Contains over 
goorbarts w ~ t h  extremely long leads. Includes 
182 transistors. IC's, d~odes. and FET's. num- 
erous resistors, capacitors, crystals, inductors, 
varlcaps and delay Ilnes. (One 63.5 micro- 
second, precision, quartz, acoustically coupled 
delay ilne whlch stores one I ~ n e  of TV.) Tran- 
zortorz will ooerate In HEATHKIT TV's. Sche- -. - . - - . . - - - 

matics and semiconductor cross reference 
supplied upon request. $19.95 + $1.50 ship- 
ping. 50C for brochure. Madison Electronics 
Comoanv. Inc.. P. 0. Box 369. Madison. Ala. 
h a m i  35758. Monev back nuarantee. - - - - 
FIGHT NI with the RSO Low Pass Filter. For 
brochure write: Taylor Communications Manu- 
facturing Company. Box 126. Agincourt. On. 
tarlo. Canada. MIS 384. 

TEL ,TPE PAPER NEW, Fresh f rom the. mill! 
4 %  rolls whtte or canary. For al l  f r lct lon 
feed Teleptype machines. $20/ case of 12. 
Buy 5 cases, only $18 each. ZTY-RTTY Paper 
Co.. Box 147. Corunna. Mi. 48817. - 
TELETYPE EQUIPMENT FOR SALE for  begin. 
ners and experienced operators. RTTY ma- 
chines, parts, supplies. Special beginners 
package consists of Model 15 page printer 
and TH5-TG demodulator. $125.00. Atlantic 
Surplus Sales. 3730 Nautilus Ave.. Brooklyn. 
N. Y. 11224. Tel: (212) 372-0349. - 
R l l Y  - NS-1A PLL TU (RTTY Journal 1/76). 
Improved version. AFSK. FSK. Wired/tested 
$29.95 p d. SASE for info. Nat Stinnette Elec- 
tronlcs. favares, FL 32778. 

Slmple as A.B.C. 
A.,8...<~...'.".n B u... -,.. "...-l,-. can u. 

11111111 .-. ....I 

PLUS - .Y --. ". 
ONLY $9 % SPRINGFllLD V1R61NIA 11151 

703,354 0513 

CA$H FOR 2-WAY FM RADIO 
MOTOROLA, GE. RCA. ETC. EQUIPMENT 

MOBILES BASES PORTABLES MOBILE- 
TELEPHONE$ REPEATERS, R E M O ~ E  CONTROLS, 

TONE EQUIPMENT, 2-WAY ,TEST EQUIPMENT 
Operat~onal Unlts Only 

Commissions/Finders Fees 
CAL-COM SYSTEMS. INC. 

701-51A KINGS ROW, SAN JOSE, CALIF. 95112 
Telephone 24 Hours 408/998-4444 

MODSET: precision modulat ion 
m e a s u r e m e n t s  for AM-SSB. 0.2 to 
300 MHz, $29.50 (Kit: $19.50) 

0. R. CORBIN MFG. CO. 

- 
TELETYPEWRITER PARTS. gearp. manuals, s u p  
p l ~ e s  tape, toroids. SASE Ilst. Typetronlcs. 
Box 8873. Ft. Lauderdale, FI. 33310. Buy parts. 
late machines. 

- 
QSL CARDS - Something completely different. 
Nothing even close t o  i t  on the market! Sam- 

1 2 5 . H ~  CRYSTAL FILTER for  Drake R-4C re- 
celvers. Ideal for OX and contest work. 
$125.00. Shemood Engineering. 1268 So. 
Ogden St.. Denver. Colo. 80210. 

P. 0. Box 44. North Bend. Ore. 97459 

DESOLDERING AIDS AND HAND TOOLS. R. 
L. Syphers Assoc~ates. Box 883. Dept. H. 
Bensenville, l l l inols 60106. 

ples: 25t.  WSUTT, Box 1171D. Garland. TX 
7CIndn 

AN/APR4Y RECEIVER. Tunable 38-1000 MHz. 
AM FM CW. Converted t o  12b VAC. 60 Hz. 
~ e h e c t .  'with manuals. $195.00. WABUIT. P. 0. 
Box 18161, Cleveland. Ohio 44118. 

EXCLUSIVELY HAM TELETYPE 21st year. 
R,FY Journal, articles. news. DX. VHF, clas- 
s ~ f ~ e d  ads. Sample 356. $3.50 per year. Box 
837. Royal Oak. Michigan 48068. - 
VlTRO TUNER. 250-1000 MHz. 60 MHz output. 
Very sensitive, $200.00. WAIUIT, P. 0. Box 
18161. Cleveland. Ohio 44118. 

TELETYPE MODEL .28: 28R0 bases, $35.00. 
3/$100.00. New Rlbbons $1.50. Typeboxes 
(WX COMM or ~ r a c t i o n h  $25.00 ea. ASR 
has; for LXD TD. $25.00. Base - LXD stand- 
;&e f30y00. ~ 2 8  cabinets. gears. gearshifts, 
reperi's. TD's keyboards. terminal units pa- 
per, tape. AS'R'~.  KSR'S. SASE for comb~ete 
list. L. Pfleger. 532 W. Wilson St.. $1, 
Madison. WI 53703. 

vou - , I ~  I ~ ~ ~ . ~ ~ ~  10 nz to IW KHZ 
10 DBlOclmr Roll O I I  -60 DB Ull!mal. Al ln  

Mobmt. €ME. Antm.Al8mlnp Hoph P-sr a L a  Pau 

519- Po" h i d  USA 

OSCAR 7. SSB-CW TRANSMIT CONVERTERS. 
For 28 or 50 MHz input at 20 mw. 432 MHz 
output a t  1 watt. So l~d  state. for 12 volt sup- 
ply. 35 watt solid state amplifier available 
for this converter. Units designed and built 
by WDENC. Write for information. UHF.V,HF 
Communications. 53 St. Andrew. Rapid Clty. 
S. D. 57701. - 
TTL 74WN 6/$1.00. 7402 5/$1.00. 7406 S.43 ~ 
each. 7450N 6 7453N. 4/$1.00. 74121 2/$1.00. ' 
75454 Prrtnharal Drlvers 3/11.00. lOOOV 1 - -  

b&6-d iodZf0/$1.00,  14 p in  IC sockets 5/ 
$1.00 18 oin edge connectors 2/$1.00. Na- 
t ionai CMOS Data Book $1.00 each. Free 
Catalog. Some quantities lim,ited. all products 
euaranteed. NuData Electronics. 104 N. Emer- 

RMS CORPORATION 
THE ELECTRONIC STORE 

675A GREAT ROAD (ROUTE 119) 
LITTLETON. MASS. 01460 

(617) 486-4973 

ICOM MATRIC-KEYERS 
HUSTLER ANTENNA SPECIALISTS 
CONSIGNMENT EQUIP LARSEN 
KLM RADIO PUBLICATIONS 
LARGE INV. COMPONENTS 

USED EQUIP. 

I 4 9 5  t o  Ute. 119 Groton Exit 19 
2 miles on  Right 

SEE US FOR 
KLM's 
HF ANTENNAS 

;in St.. Mt. Prospect. I L  60056. 
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MONEY BACK GUARANTEE 
24 HOUR SHIPMENT 
ALL TESTED AND GUARANTEED 

TRANSISTORS I N P N l  
2N918 TYPE RF A m p 8  Ornllalor l o  1 CHI 3/51 00 
213563 TYPE RF A n ~ p 8  Osr to I GHsfp l  2N9181 51Sl 00 
213565 TYPE Gcn Purpo<a Gavn I T 0  9211061 5/SI 00 
2N3641 TYPE RF & GPAmp8  Sw to5OOmA8  30MH) 5 6 1  00 
283866 TYPE RF P a r t  Amp 1 5 W Eu 450 MHz S1 50 
2N3903 TYPE GP Amp&  Sw to 1OOmA and I O M H r  5lS1 00 
2N3904 TYPE G P A m p 8  Sw l o  1OOmA hFE 100 5lS1 00 
213919 TYPE RF Power Amp l O 2 5 W  C 3 30MHz S l  00 
244214 TYPE Ultra Haqh Sps~d  Swttrh 12 n, 515lOO 
215108 TYPE RF Pnwsr Amp2  W 1-450 1 W @  I CHI S2 50 
MPS6515 TYPE H q h  Can  Amp l~ l~e r  hf E 250 3 lS l  00 
Awart NPN GP TYPES i q 213694 213901 elr 1151 $2 00 
213638 TYPE lPNPI GP A m p 8  Sw to 100 mA 5/S1 00 
IN1906 TYPI  IPNPI CP Amp&  Sw l o  30 MHz 5/51 00 
214249 TYPE IPNPl Low Noose Amp l i r A  to 50mA 4/51 00 
F E T  s 
N CHANNEL ILOW NOISE1 
ZN4091 TYPE RF Amp 8 Swltrh 110 1811061 3151 00 
2N4416TYPE RF Amplml~er l a 4 5 0 M H ~ l T O  121 2 lS l  00 
215163TYPE Gen P u r p a v A m p 8  Sw I T 0  1061 3 lS l  00 
2N5486 TYPE RF Amp lo  450 MHz Iplarttr: 2N44161 2ISl 00 
E 100 TYPE Low Cost Audlo An8plbfr# 4 IS l  00 
I l t 4 8 6 8  TYPE Ultra Law N o w  Audio Amp 21S1 00 
TIS14 1 YPE H q h  Speed Swolch 40 ' 31S1 00 
Aanr l  RF R GPFET 5 e q  295163 MPFl02 etc 181 S2 00 
P CHANNEL 
2N4360 TYPE G m  Purpose Amp&  Sw (TO 1061 3/51 00 
E l15  IYPE HnqhSpmd Sw~tch I25"lTO 1061 1ISl  00 

SPECIALS: 
2N2222 NPN TRANSISTOR GP Amp R Switch 6/51 00 
2N2907 PNP TRANSISTOR GP Antp R S w ~ c h  6/51 00 
213553 RF Power Amp 5 W I*' 150 MH, 1 W (d 50 M H t  S2 00 
E l01  N CHANNEL FET Low Current LowVp  AmplSw 3/S1 00 
MPFl02 N CHANNEL FET RF Amp20OMHt 3lS1 00 
556 DUAL 555 TIMER 1 urec to I h w t  IOIPI S l  00 
121 VOLT REGULATOR 3 3 0  V W  1 ZOO mA ID IPnO 51 2/51 00 
141 Op Amp F r y  Connp LM 141 pA141 r l c  (MINI DIP1 PIS1 00 
2140 FET Op Amp L~hsNE536andpAl4OITO 51 52 40 
irA7805 VOLTAGE REGULATOR 5 V  <u I A I T 0  2201 51 25 
8038 WAVEFORM GENERATOR Wavew/rk~\  $4 50 
IN4001 RECTIFIER 50VP IV  1A 15151 00 
IN4154 OlOOE 30 V/lOmA IN914except 30 V 25lS1 00 
BR1 HRIOGE RECTIFIER 50 V PIV 500mA IOlPl 1 /51 00 
MM5314 DIGITAL CLOCK CHlPWathSpmlSchama~er $4 95 

L I N E A R  IC'r 
308 M w o  P o w r  Op Amp ITO-5/MINI DIP1 S1.00 
309K V n l t r q ~  Rsptolator 5 V I? 1 A I T 0  31 S1.25 
324 Ound 141 Op Amp, Compenralrd IOIPI S I  50 
3407 Val1 R w  I Amp Sprrkly 5. 6. 12.15 or 24 V w/rht% S1 15 
380 2 5 Wall Audln Ampl!fler 34 dB IOIPI $1.29 
555 Tts3.1 1 ss to 1 ht NE555. LM555. r l c  IM lN l  OlPl S .65 
109 Pnpalar OP Amp IOIP'TO 51 S 29 
139 O11aI LOW NOIW Plodto PtrampIOp Amp IOIPI S l  00 
1458 Ocdrl 141 Op Amp (MINI DIP1 S 65 
741 Fmm Can~p Op AmplDIP/TO 51 31S1 00 
O lOOFS 
Zf NERS -Sp.rtly Voltape 3 3. 3 9 . 4  3. 5 1. 6 8, B 2 400mW 4151 00 

9 1. 10 12. 15, 16. 18. 20. 22.24. 27.0, 3 I V  f . lW&I  I Watt 3lS1.00 
IN914 or IN4148 TYPE GtnenlPurpo5r 100VIlOnnA 15lS1 00 
IN3893TYPE RECTIFIER Stud Mount400 V l t 2  A 2/S1 00 
0 5  VARACTOR 5 50 W Output 6.' 30 250 MHz. 7 70 pF 55 00 
F 1 VARACTOR 1 3 W Oulpul@ 100 500 MHz. 5 30 pF S l  00 
.MAIL NOW' + ~ r i  I , n l n  w r r  I , ,  ~ . , ~ r , , , ~ , ~ #  *.,h r,,rr ,qrnn frrln, rh,, .,.i 
l l l i  I C l r i  l < F O V i S l  741 OP &rnt,w#tl,+.va.>v (8 l t l . l  . I< $511. nlclll. 141 IJ(#.s1 
<h> Am(, ,?r  !wf, f ,(I0 b f  1 ,, wmlt, vvc,rv r-ratm~ , v $  $10 ~ 8 ,  rncsr~ ~ r > % V m a r k + < l  
",,,,, , , , . I  VJ ,I; or,,. ,,PC. ,,..,"$"., , , , t , ~ ~ ~  

ORDER TODAY All ,!rm% n~l,~'.r! I>!II~? ,.,$* ,~nd pnarr, $ # 8 l , n r , l  tn rk.wn~v 
* l l l l ( l l l l  1.1 I,,.. All It..",, ,I." n l u  %.l,,l,,, rrll,% 1,Y)- I.,nrllntl.rli" It..II.<I 

W R I T E  FOR FREE C4TALOG Z c ? l l l  r t t l * .~ ,n< j  t ,w,< 350 $mm~lc,ncluc ! I ~ S $ C . V  

t , ,-cl , r t  \ !w L S11tbc1 In# <t,>n,r, 
TLRMS '.n-rvl , la . rb *I. rnl,ney atfl-n 1U S l t rrxfs l  wl?l! hrrl!.r W6. W Y  1st Cl.m' 
,%,<I sws, I , ,  U S  ,.,bn,<t,a M?X<LO S! 0n !,,#%flmq ch,$u<+? on $ o r d ~ , , ,  UWW! 
5111 <.all, ~n.\~lt,nn .u l l  6 ulcb t.cx I cw?,t!!> #%rt l$ . t>  . ~ l r l  ~xIII..I~. COl l  o#tl#.l% 

.m*1 51 *) ,I.,"l<l. c h.,,<". 

ADVA E L E c T R o N I c s  
BOX 4181 E WOODSIDE CA 94062 
Tel. (415) 851'-0455 

2 CHANNEL OPERATION I . FREQUENCY RANGE 144.14 MHz I 
1 WATT MINIMUM POWER 
OUTPUT @ 12.5 vdc 
50 OHM RF OUTPUT IMPE- 
DANCE 
8 x  MULTIPLICATION FACTOR 
NARROW BAND FM f 5 KHz 
RUGGED BALANCED EMITTER 
OUTPUT TRANSISTOR 
SIZE 3?4/4" L X 1%'' W X 
1" H 
TESTED & FULLY ASSEMBLED I 
(Less xtals) I - $32.91 price includes al l  postaffe fees I 

1 SPECIAL INTRODUCTORY OFFER 1 

I N T E R L O K - C ~ ~ ~ ~ ~ ~  kits are of all aluminum construction ready 
for easy assembly. Aluminum panels and extrusions match with 
precision. Sides and cover panels are covered with blue vinyl. 
Front panels are clear anodized aluminum. Inside the enclosures 
can be sub-divided in numerous ways to fit your needs. All cabi- 
nets are individually packed in heavy duty mailing cartons. 

An INTERLOK line of Collet Knobs 
to complement your cabinet i s  also 
available. These are a newly de- 
signed method of securing knobs to 
control shafts using a collet. No 

t- more set screws, notched or grooved 
@ 0 8 & shafts and no mare marred front . 8 panels. 
6 -- ,# A starter kit with 5 black knobs in 3 

shaft sizes plus 5 black caps, 3 black 
pointers and 3 clear skirts i s  avail- 
able for $2.95. This kit will assemble 

0 z,.? • into 45 variati~ns to fit your needs. 
INTERLOK can furnish a wide range 

of Knobs and Cabinets to meet your production needs. Please 
write for a catalog. 
INTERLOK, One of the Purdy Group of Companies. 

SPECIAL INTRODUCTORY OFFER 
Width Height Depth Cost Each 

Order - pp - 

Number Inches / MM Inches / MM Inches / MM -- -- - 
IJ 34.181 16.44 417.5 10.45 265.5 15.53 394.5 $81.45 c] 34-281 16.44 417.5 10.67 271.0 14.69 373.0 81.45 
n 34.381 16.44 417.5 9.38 238.2 13.64 346.5 69.25 a 34.481 16.44 417.5 8.53 216.6 13.09 332.5 67.75 
0 3 4 . 6 8 1  16.44 417.5 11.09 281.8 15.79 401.0 86.75 
- -- 

a 36.111 5.67 144.0 2.83 72.0 5.75 146.0 $18.25 
0 36.153 7.56 192.0 3.78 96.0 10.47 266.0 23.25 

36.194 17.00 432.0 5.67 144.0 12.84 326.0 42.25 
-~ 

Collet Knob Starter Kits $ 2.95 

Please ship prepaid (USA Only) 
The items checked to: Send Order To: 
Name . . . .  . . .  . 

Street . .. . . . . . . . . . . . . . , . , . , . . . . . . . . . , , . . . , . INTERLOK 
c ~ t y  770 Airport Blvd. 
State ZIP Burlingame, CA 94010 
Cal~ fo rn~a  Res~dents add 6% Tax (415) 348-5625 
Total cash or check enclosed 
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You Can't Beat The System! 
The SPEC COMM 2M FM Modular System 

U N I Q U E  "SNAP-PACK''  
MODULAR SYSTEM permits 1 
Transceiver to funct ion as 3 - 
W/O COMPROMISE! 

I T S  A FULL 5 WATTSPORT- 
ABLE- w i t h  the BP-1 Portable 

Pkg. The plug-in H.D. N l C A D  
Battery "Snap Pack" has 3X THE 
CAPACITY o f  the usual "penlite" 
cells - for  8 hrs. typ.  operation 
per chg. 

IT'S A 25 WA TT MOBILE - 
w i t h  the BA-1 2 5  Wt. Amp. 
"Snap-Pack". (Or a 5 Wt. mobi le  
W/O BA-1.) 

IT'S A HIGH PERFORMANCE 
FIXED STATION - w i t h  the 
AC-1 A C  Supply "Snap-Pack". 

Exclusive, "State o f  the Ar t "  
HOT CARRIER DIODE MIXER 
- Virtual ly Eliminates Intermods! 
Sensitivity 81 Selectivity are excel- 
lent. 

MADE IN  USA - finest quali ty 
throughout. (See what our  cus- 
tomers say about qual i ty  and per- 
formance - NovIDec 73 Mag. p. 
126.) 

Modules Snap O n  or Of f  
i n  seconds. 

SC512 -12 CHA N. 
SC560 - 6 CHA N. 

700% Moneyback 
Guarantee 

700 Day Warranty 
Write for information o n  our High Performance REPEATER RCVR. & XMTR. BOARDS. 

Send for Data Sheet o n  SC512/560 Transceivers & Accessories. 
Available through Dealers - Or Factory Direct. 

DEALER INQUIRIES INVITED. 

SPECTRUM COMMUNICATIONS - -  - -  - -  

Box 140 H R -  WORCESTER, PA 19490 (215) 584-6469 

I 6-DIGIT COUNTERS! I 
I 6-Digit Kit 6 - D i g i t  Kit 

W e  have  a w h o l e  w o n d e r f u l  l i n e  of unbe l ievab le  c o u n t e r s  
s t a r t i n q  a t  $45.95! D r o p  u s  a l i n e  or g ive  u s  a ca l l  today .  - .  

I ~ U ~ C O  Dept. 15, P.O. Box 357 Provo, Utah 84601 (801) 224-3355 1 
L I 

ITHIS IS YOUR BIG CHANCE! 
I BUY $50  WORTH; THEN PICK $50  WORTH FREE! 

OTHER ORDERS: $lo+ Orders take 5% Discount; $30+ Orders take 10% Discount I 
LINEAR 

374H 2.75 746H .80 
3761 .50 747H .70 
377N 2.75 748N .35 
380N 1.25 1304N 1.00 
380-8N 1.00 1307N .75 
381N 1.75 1310N 3.50 
555N/H .85 1351N 1.00 
565N 2.00 1458H .75 
566N 2.25 1489N 2.00 
703H/N .40 1496N .95 
709H .30 1741N 2.00 
710H .30 1800H 2.50 
711N .30 1845N 1.00 
723H/N .55 1899N 2.50 
733H 1.75 2111N .90 
741H/N .30 3019H 2.00 

1 Add 50c for costaee & ha ndlinu on orders 

75221 
7523N 
7524N 
7525N 
7528N 
7529N 
7539N 
7553N 
7554N 
75107N 
75108N 
75450N 
75451N 
75452N 
75453N 
75491N 

under $10. . .. ~. - 
W E I R N U  2. AII items guaranteed. 3. Send SASE for Bargain Flyer. 

PO Box 942, Colton, CA 92324 
4. SEND YOUR ORDER ALONG WITH CHECK OR MONEY ORDER TO: WEIRNU, 

P. 0. Box 942, Coiton, CA 92324 (Calif. residents include 6% tax). 

2M. 200 MW FM/CW EXCITER 

450 PA, using new RF power 
modules, wired 

jects - 31/2"H x 73/rnW x 7"D 

SEND SASE FOR CATALOG. 
INCL RCVRS, PREAMPS, ETC - 

/ 

Support the AMSAT Team 
That Brought Us OSCAR 6 and 7 

Since November 1974. Amateur Ra- 
dio has had not one, but two long-life 
OSCAR satellites available for use by 
the international Amateur Radio come 
munity. 

AMSAT is now developing Phase Ill 
spacecraft. intended for much higher 
orbits. AMSAT Phase Ill promises to 
be a considerable step forward be- 
yond OSCAR satellites launched to 
date, making possible reliable com- 
munications over transcontinental dis- 
tances for hours at a time. 

Please write now to find out how 
you can help make this possible. 
AMSAT Membership Dept., P. 0. Box 
27, Washington, D. C. 20044. 
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Radio's guide to help you find 
your local Amateur Radio Dealer 
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Ohio 
UNIVERSAL SERVICE 
114 N. THIRD STREET 
COLUMBUS, OH 43215 
614-221-2335 
Give U.S. a try when ready to  buy. 

Pennsylvania 
ARTCO ELECTRONICS 
302  WYOMING AVE. 
KINGSTON, PA 18704 
717-288-8585 
The largest variety of crystals 
in  N. E. Penn. 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

HAMTRONICS, INC. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same location for 25 years. 

South Dakota 
BURGHARDT AMATEUR CENTER 
124 FIRST AVE. N.W. P.O. BOX 7 3  
WATERTOWN, SD 57201 
605-886-73 14  
America's most reliable Amateur 
Radio Dealer - Nationwide! 

Texas 
ALTEC COMMUNICATIONS 
1800 S. GREEN STREET 
LONGVIEW, TX 75601 
2 14-757-283 1 
Specializing in  ham equipment for 
the Ark-La-Tex. 

Washington 
AMATEUR RADlO SUPPLY CO. 
6213 13TH AVE. SO. 
SEATTLE, WA 98108 
206-767-3222 
Amateur center of the 
Northwest. 

California 
HENRY RADIO 
931 N. EUCLID AVE. 
ANAHEIM, CA 92801 
714-772-9200 
The world's largest distributor of 
Amateur Radio equipment. 

HENRY RADlO CO., INC. 
11240 W. OLYMPIC BLVD. 
LOS ANGELES, CA 90064 
213-477-6701 
The world's largest distributor of 
Amateur Radio equipment 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
"Headquarters for all your 
Amateur Radio needs" 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL 60304 
312-848-6778 
Chicagoland's Amateur Radio 
leader. 

Indiana 
HOOSIER ELECTRONICS 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in  Meadow Shopping Center. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P.O.B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade. 

Massachusetts 
TUFTS RADIO ELECTRONICS 
386 MAIN STREET 
MEDFORD, MA 02155 
617-395-8280 
New England's friendhest 
ham store. 

Michigan 
AUDIOLAND 
36633 SOUTH GRATIOT 
MT. CLEMENS, MI 48043 
313-791-1400 
All major brands, newlused 
equipment & accessories. 

ELECTRONIC DISTRIBUTORS 
1960 PECK STREET 
MUSKEGON, MI 49441 
616-726-3196 
Communication specialists 
for over 3 7  years. 

PURCHASE RADlO SUPPLY 
327 E. HOOVER 
ANN ARBOR, MI 48104 
313-668-8696 or 668-8262 
We still sell Ham parts! 

RADIO SUPPLY & ENGINEERING 
1203 WEST 14  MILE ROAD 
CLAWSON, MI 48017 
3 13-435-5660 
1801 Chalmers, Detroit, MI  
48213, 313-371-9050. 

Missouri 
HAM RADIO CENTER, INC. 
8342 OLIVE BLVD. 
P. 0. BOX 28271 
ST. LOUIS, MO 63132 
800-325-3636 
Call toll free. 

New Jersey 
ATKINSON & SMITH, INC. 
17  LEWIS ST. 
EATONTOWN. NJ 07724 
201-542-2447 
Ham supplies since "55". 

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 MAIN STREET 
HORSEHEADS, NY 14845 
607-739-0187 
J I ~  Beckett, WA2KTJ, Manager 
Dave Flinn, W2CFP, Owner 



I VANGUARD NOW HAS THE WORLD'S LARGEST SELECTION OF I 
SYNTHESIZERS FROM $129.95 

SEND N O  MONEY. 
WE S H I P  C.O.D. 

ORDER BY PHONE 
A N D  SAVE TIME. 

W e  ship open account only to U.S. .and 
Canadrnn government ogencrea, untoer- 

AVAILABLE FOR ritrer nnd w lec t rd  AAA rated corporn- 
AIRCRAFT. FIRE. POLICE 1 1 0 ~ .  

A N D  AMATEUR FREQUENCIES , 

I 
Check these features: 

Smallest size of any commercially available Vanguard frquency synthesizers are custom pro- 
synthesizer - only 1-3/8" x 3-3/4" x 7". grammed to your requirements in 1 day from 

Excellent spectral purity since no mixers are stock units starting as low as $129.95 for trans- 
I , C ~  mit s~nthesizerr and $139.95 for receive synthe- I "<.". 
.0005% (5  parts per million) accuracy over 
the temperature range of -10 to +60 C. 

Immune from supply line voltage fluctuations 
when operated from 11 to 16 volts D.C. 

Up to 8000 channels available from one unit. 
Frequency selected with thumbwheel switches. 

Available from 5 MHz to 169.995 MHz with 
up to 40 MHz tuning range and a choice of 
1, 5 or 10 kHz increments (subject to certain 
restrictions depending on the frequency band 
selected). 

Tap quality components used throughout and 
all ICs mounted in sockets for easy servicing. 

All synthesizers a n  supplied with connecting 
hardware and impedance converters or buffers 

sizers. Add 520.00 for any synthesizer for 5 kHz 
steps instead of 10 kHz steps and add $10.00 for 
any tuning range over 10 MHz. Maximum tuning 
range available is 40 MHz but cannot be pragram- 
med over 159.995 MHz on transmit or 169.995 
MHz on receive (except on special orders) unless 
the i-f is greater than 10.7 MHz and uses low 
side injection. Tuning range in all cases must be 
in decades starting wtih 0 Kc .  - 140.000 - 
149.995 etc.). The output frequency can be 
matched to any crystal formula. Just give us the 
crystal formula (available from your instruction 
manual) and we'll do the rest. We may require 
a deposit for odd-ball formulas. On pick-up orders 
please call first so we can have your unit nady. 

I that plug into your crystal socket. I 
Cal l  212.468.2720 between 9:DO a m  a n d  4:OD p m  

Monday th rough Fr iday I LABS 196-23 JAMAICA AVE. HOLLIS, N. Y. 11423 I 

I-? FIELD RI 
RUG-IN. FRE 
DETERMlNlNi 

s: 

I DUPLEXER KITS I 
PROVEN DESIGN. HUNDREDS SOLD IN US, 
CANADA, EUROPE. CONSTRUCTION WELDED 
ALUMINUM IRlDlTE & SILVER PLATED. SEE 
JAN. 74 QST RECENT EQUIPMENT. ALL PARTS 
PROFESSIONAL QUALITY. EVERYTHING SUP- 
PLIED. NO SPECIAL TOOLS. RECEIVER & 
TRANSMITTER CAN BE USED FOR TUNE UP. 

MOD. 62-1 6 CAVITY 135.165 M H z  POWER 
250W ISOLATION GREATER THAN 100 
d B  600 kHz. INSERTION LOSS .9 d B  
M I N .  T E M P  S T A B L E  OVER W I D E  
RANGE PRICE $349.00 

MOD. 42-1 4 CAVITY SAME AS 6 CAVITY 
EXCEPT ISOLATION GREATER THAN 
80 d B  600 kHz INSERTION LOSS .6 
d B  MAX. PRICE $249.00 

NORTH SHORE R F  TECHNOLOGY 
Exclusive D is t r ibu tor  TUFTS Rad io  
386 MAIN ST., MEDFORD, MA 02155 

617-395-8280 
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1 faster 1 
service 

USE 
ZIP 

CODE 

I all I 

the action and 
adventure in 

amateur radio: 

WORLD RADIO 
-monthly publication- 

trial subscription 
next 2 issues $1 

2120 28th St. 
Sacramento, CA 
9581 8 - W ~ A J Y  NEWS 
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* REFERENCE DATA FOR RADIO ENGINEERS 
A must for any serlous amateur. In 45 chapters ~t covers not only 
every area of bas~c radlo theory, but also goes into such modern 
areas as m~cro-mlnlature electronlcs and space cornmunlcations. 
Literally hundreds of charts, nomographs and tables round out what 
is probably the most complete reference of thls type. Sales af over 
350,000 testify to  its w~de acceptance. 1,196 pages, hardbound. 

Was $23.00 

Order 20678 Now Only $14.95 

H* 

ryc4=' 

We have just purchased 
the complete inventory of re- 
cently superseded editions of the 

DATA FOR RADIO ENGINEERS. 

O ~ P  RADIO HANDBOOK and REFERENCE 

Here is a unique opportunity to own copies 
of these outstanding reference books at very 
attractive prices. S4& c~ 

* RADIO HANDBOOK, 19th Edition 
by William I. Orr, W6SAI 

48 
The famous commun~cat~ons handbook whlch is the electronlcs industry stan- 
dard for engineers, technlc~ans and advanced amateurs. Explalns in authorlta- 
tlve detall how to  deslgn and bu~ld  all types of rad~o communlcatlons equip- 
ment, RTTY clrcults, latest sern~conductor and computer clrcultry. 986 pages; 
hardbound. 

Was $16.95 

Order 24030 NOW Only $9.95 

Order today from 

ham 
radio 
Greenville, NH 03048 
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Remote Motor-Controlled 
Coax Antenna Switch 

Control unit works on 110/220 
VAC. 50/60 Hz, and supplies 
necessary DC 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 combinations. 
Control cable (not supplied) 
same as for HAM-M rotator. 
Selects antennas remotely, 
grounds all unused antennas. 
GND position grounds all an- 
tennas when leaving station. 
"Rain-Hat" construction shields 
motor and switches. 
Motor: 2 4  VAC. 2 amp. Lubrica- 
tion good to -40°F. 

Switch R F  Capability: Maximum 

$1 20 suggested Amateur Net 

See your Dealer. For details write: 

R. L. DRAKE COMPANY 
540 Richard St., Miamisburg, Ohio 45342 
Phone: (513) 866-2421 Telex: 288.017 

106 february 1976 

I Continental Specialties Proto Boards 1 
I FREE 7 Segment Digital Readout with purchase of every PB-600 PB-100 I 

PROTO PROTO 
BOARD 6 BOARD 100 
The PB-6 lets the user test and build A low cost. big 10 IC capaclly breadboard 
csrcults without solder~ng or patch cords: kit w ~ t h  al l  the qual~ty  of QT sockets and 
all ~nterconnections between components the best of the Proto f3oard serles . . . 
are made with common ::22 AWG hook. complete down to  the last nut, bolt and 
up wore. This quality breadboard~ng kit screw. Includes 2 QT.35S Sockets: 1 QT. 
includes 630 component tie point? at less 358 Bus Strsp: 2 5.way binding posts: 4 
than 2 . 5 ~  each. I t  measures 6" long by rubber feet; screws. nuts, bolts; and easy 
4 "  wide. Des~gned specially to Breadboard assembly ~nstructions. 
Microprocessor Clrcu~ts. 

$19.95 
$15.95 Postpaid - Continental U.S.A. 

HOSFELT ELECTRONICS 
224 OPAL BLVD., STEUBENVILLE, OHIO 43925 Phone 614 264-6464 

SSB ... CW ... FM . . .80-10 ... VHF ... UHF 

PERSONALIZED SERVICE FOR ALL YOUR AMATEUR NEEDS 
New Equipment Used Equipment FM Transceivers 

Transmitters Publications Preamps 
Receivers OSCAR Antennas Mobile Antennas 

Keyers Coax Beams 

SPECTRONICS INC. 
1009 G A I I F I E L D  S T R E L 7  
O A K  PARK.  I L L .  60304 

(312)  848-6778 

Handy Logging Area 

I Spinner Handle Available 
Case: 2x4"; shaft %"x3" 

p- -- Model TC2: Skirt 2-118"; 
PRICES %c Knob 1-518" 
TC 2 - $8.00 Model TC3: Skir t  3"; 

PARTS PANIC!! 
Having parts problems such as Minimum Orders, Unanswered Letters, 

Uninterested Suppliers, Too Much Time at Flea Markets? 
Let G. R. Whitehouse & Co., the New Parts Specialists solve your 

problems. 
NOW IN STOCK 

Transmitting Variables - Roller Inductors - Counter Dials 
Air Wound Coils - Couplings - Knobs - Receiving Variables 

R.F. Chokes - Coil Forms and more 
From 

Millen - E. F. Johnson - Barker & Williamson - JW Miller - Hammarlund 

Send First Class Stamp for Flyer 

G. R. WHITEHOUSE & CO. 
S) 10 NEWBURY DRIVE, AMHERST, N. H. 03031 

"The Parts Finders" 

More Details? CHECK-OFF Page 110 



a lot to talk over 

Amencan Made Ouallty at Import Price 

Full 12 Channel, 15 Watts 
with HI/LO power switch 

Here is everything you need, at a price 
you like, for excellent 2 meter FM 

performance. The 12 transmit channels 
have individual trimmer capacitors 

for optimum workability in point- 
to-point repeater applications. 

Operate on 15 watts (minimum) 
or switch to 1 watt. 0.35 uv sensitivity 

and 3 watts of audio output 
make for pleasant, reliable listening. 

And the compact package is 
matched by its price. 

Amateur Net 

7707 Records Street 
Indianapolis, Indiana 46226 

An FM Model For Every Purpose . . . 

ACT 10 H l l lU  
12 Channel 25 Watt 1 2  Channels 10 Watts 3 Band 10 Channel fM 

6 Meter F M  Tranrcelrar 220 MHz F M  I r m r r e ~ r ~ r  Scannrr R e c e ~ r a  

WHY 
WASTE 
WAmS? 

SWR-1 guards against power loss 
for $21.95 

If you're not pumping out all the 
power you're paying for, our little 
SWR-1 combination power meter 
and SWR bridge will tell you so. You 
read forward and reflected power 
simultaneously, up to 1000 watts RF 
and 1:1 to infinity VSWR at 3.5 to 150 
MHz. 

Got it all tuned up? Keep it that 
way with SWR-I. You can leave it 
right in your antenna circuit. 

4B SWAM, 
E L E C T R O N I C S  

A s u b s r d  d r y  0 1  C u b r c  CorDorarfon 

305 Airport Road. Oceanside, CA 92054 
(714) 757-7525 
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Barry joins VENUS in  a Super Savings Sale 
SS2K Monitor Kit, Reg. $269.00 Now $229.00 
SS2 Monitor wired, Reg. $349.00 Now $279.00 

C-1 Slow ScanJFast Scan Camera, Reg. $469.00 Now $369.00 

We are extending this sale due to our availability of stock. 
Other Venus Products available - Please wrlte for information. 

Barry Electronics i s  now your Collins dealer 
and factory authorized repair center. Write NOW for information. 

We also carry many other fine lines such as: 
DRAKE, HY-GAIN, MOSLEY, B & W. etc., etc. 

Heavy diversified stock of Eirnac tubes, chimneys & sockets. Thousands of 
unadvertised specials. Barry's is a builder's delight! 

Barry Electronics Corporation- 
NY city's only complete Amateur Radio Store! 

Complete Export Facilities available. We pack and ship equipment all over 
the world. 

Bird Wattmeters & accessories. 

Contact us now for information or equipment! 
...................................................................... 

................................... 
I / Your BEST BUY in KITS 

I Freq. Counter Kit - 0-300 MHz I 
I 
I $99.00 i 
I Freq. Counter Kit - 0-500 MHz I 
I 
I $139.00 1 
I Basic Clock Kit - full 6 d~g i t  $16.95 1 

I Electronic Dice Game Kit $10.95 i 
I Function Generator Kit $10.95 1 

I Analog-Digilab $139.00 i 
j Also DVM available shortly. I I 

; Var~ous other k ~ t s  and electronic 
1 components ava~lable. Send SASE 
I for flyer. I 

I 

/ H A L - T R O N I X  
I P. 0. BOX 1101 I 
I I 
I SOUTHGATE, MICH. 48195 I 

I (313) 285-1782 I 
I :----------------------------------I 

NEW 
ANTENNA SUPERMARKET - PO Box 338, Dept. H, Chambersburg, PA 17201 
DIPOLES A N D  WIRE ANTENNAS. comple te  w i th  100' Mil. Spec. Coax. Balun. Con- 
nector. 100' Rope. Copper Ant. Wlre. Insulators: 

......................... .............. 80/40/15 parallel dipole 536.95 160 short 130' lermth $36.95 
........................ .................. 40/20/15 parallel dipole $30.95 80 short,'63' length 531.95 
.......................... ................... 80/40 trap dipole 941.95 40 short, 33' length $28.95 

................... ............................ 40/20 trap dipole 536.95 S~ngle band m~dels from 524.95 

VERTICALS - comple te  w i t h  Universal  M o u n t i n g  Base. Folds t o  5' f o r  Easy Trans- 
port. H v y  D u t y  A l u m i n u m  Tubing. 

........ .............. I ..... ........ 
20/15 trap 13' hgt. 529.95 160 compact 23' hgt. 544.95 
40/20/15 ;rap 22' hgt. 544.95 80 compact 20' hgt. 539.95 
80/40/20 trap 30' hgt. ...... 569.95 40 compact 15' hgt. ..; 534.95 
fi0140115 trao 20' hqt. . . . . .  $59.95 20/15/10 full size vert~cal 529.95 I 

...... 10'rneiercw. for abmeBdd 59.95 I 
TO ORDER - Include 51.95 shipping (52.95 West Coast) , I 1-1 24 hour shipment. 30 day guarantee. Fj 1 

For Info: SASE w 1st Class Stamp. m 

Apartment/Portable 
Apt. roof or patio, 
camper trailer motor 
home. hll band; 80.10, 
folds to 5' easily. 13' 
height. 
80-40-20-15-10 $49.95 

/ PORTA-PAK An Almost Perfect Package ? 

i THE DELUXE PORTA.PAK M O T  OWLV SUGGESTS BUT 

OE LIVERS: ATTRACTIVE PACKAGE 
DURABILITY PLUS 

$59.95 O P E I A T I O I  AIYWHERE 
FULL POWER 
O V E I I I C H T  l lECHARGl IG  

PORTA-PAN I S  THE ACCESSORY THAT M A K E S  YOUR 

MOBILE RADIO REALLY PORTAILE .  AVAILABLE 

FOR MOST F.M. TRA ISC IEVERS AT S61.15 WHICH 1 INCLUOES CHARGER 

ADO SI 1s  PER UWIT FOR snlpplwo ANO HANDLING 

i PORTA-PAK, INC. 
P.O. BOX 67 

1 SOMERS, WI. 53171 

HAM NOTEBOOK 
Volume II 

Here i t  i s  - t h e  fol low-up t o  o u r  
very popu lar  H a m  Notebook Vo lume 
I publ ished several  years ago. 
H a m  Notebook. Volume II offers m o r e  
o f  t h e  very best f r o m  H A M  RADIO 
Magazine's popu lar  H a m  Notebook 
c o l u m n  p lus  a n u m b e r  o f  i n t e r e s t ~ n g  
ideas a n d  smal l  projects never i n  
p r in t  before. This i s  a n  all-new book 
- noth ing  has  been repeated f r o m  
Volume I .  
Eleven Chapters cover everything 
f r o m  antennas t o  repeaters, f r o m  
receivers t o  test  equipment.  There's 
someth ing  here f o r  everybody so  be 
sure t o  ge t  your  order i n  today fo r  
th is  exc i t ing  n e w  book. 

lust $4.95 
Don't forget Volume I 

Only $3.95 
SAVE $1.00 

Order both for just $7.90 
Order Today 

ham 
radio 

Greenville, NH 03048 
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Vintage Radio Has 
Great Books For You! 
Relax With A Time Tr@ To Yesterday! 

Thousands have already discovered the pleasure of 
owning Vintage Radio books. You too can enjoy brows- his ship, visit G. I. Joe in his foxhole with his handy- 
ing through those pioneer days of wireless and radio. talkie set, and meet the radio "Ham" in his shack. 
You'll recapture the excitement of wireless days even These experiences and many more await you in 
though they were long before your time. You'll see Vintage Radio's family of books. Young or old, you'll 
fine old battery radios of the 1920's, and rediscover be fascinated by your journey through those earlier 
"cathedral" radios of the 1930's. You'll relive the dawn days. You'll also discover the fun and rewards of col- 
of radio broadcasting, visit the radio operator aboard lecting old-time radio sets and memorabilia. 

1921-1932 
RADIO 
COLLECTOR'S 
GUIDE 

- '  
This book makes you an "instant expert" as you go 
prospecting for those fine old radios. I t  eliminates 
guesswork in determining a set's age and "pedigree." 
There are 264 pages loaded with over 50,000 facts 
on 9,000 radio models made by 1,100 manufacturers. 

A FLICK OF: 
THE SWITCH 

1930-1950 
Here's your time trip through the great day 

Own this authentic reproduction of Gernsback's clas- 
sic. Browse through radio's heroes (who's Marconi?) 
and hardware (what's a coherer?) of the old days. 
175 fascinating pages. Our hard-cover version is a 
serialized llmited edition, an ideal glft. - sort Cover Only $9.95 

Deluxe Hard Cover Only $12.95 
-f-Y--Y 

VINTAGE RADIO 
1887-1929 

You'll enjoy this fascinating pictorial story of pioneer 
radio broadcasting and the dawn of television. Re- days in wireless and radio. Relive the days bf Mar- 
visit the Lone Ranger, Philco "cathedral" radios, old coni, old spark transmitters, and the struggles of 
"Ham" days and many more. You'll revel in 312 early radio broadcasting. It's the radio collector's 
pages of story, old ads and over 1,000 pictures. reference, with over 1,000 pictures on 263 pages. 

soft cover Only $6.95 soft cover Only $5.95 
Hard Cover Only $9.95 Hard cover Only $7.95 

MOST-OFTEN-NEEDED 1926-1938 DIAGRAMS 
Thls repr~nt of Morrls Beltman's Supreme Publ~cations 
book shows c~rcuit d~agrams for 600 radro models. Its 
240 pages are valuable for historical circult Information, 
and are great alds in restor~ng those old sets. Made 
from Supreme's original artwork, i t  IS clear and readable. 

Please add 25t per book postage and handling ? 

Order your Vintage Radio 

ham radio .reenville. NH 03048 

Discover the Exciting Radio Collector's --- Hobby! 
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~d~er 'se rs  v 
check-off 

. . . for literature, in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 
Place your check mark i n  the space between 
name and number. Ex: Ham Radio r/ 234 

INDEX 
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In simplicity and ease 
of installation! I 
In low silhouette 
good looks! 
ln a performance 
difference you can hear! 

E v e n  when working through a 
repea te r  you w a n t  e v e r y t h i n g  going 
for you that you can. That's what 
y o u  h a v e  when y o u  use the Larsen 
KGlrod gain antenna. Has patented, 
g r e a t l y  s i m p l i f i e d ,  m o u n t  that stays 
p u t  and assures p o s i t i v e  ground 
plane.. . less than 1.3 t o  1 V.S.W.R. 
The e x c l u s i v e  Kulrod whip assures 
maximum r a d i a t i o n  e f f i c i e n c y  with 
no loss to heat .  A n d  for looks.. . 
it's the one the XYLs pick. Get the 
JM150-K f o r  complete 2 meter use 
. . .the J M 4 5 0 - K  f o r  UHF. 
Sold with no-nonsense money bac 
guarantee. Easy-to-follow 
installation instructions. Get f u l l  
f a c t  sheet and prices today. I 
Lanen Magnetic Mount.. .even the 
dragsters can't shake th is  one loose. 
Has real super hold for no-holes, 
no-mar mounting i n  seconds. Ask 
for Larsen MM-LM. Includes 
coax and connector all attached. I I * Kitlrod a Re~istered Trademark ll I 

1161 1 N. E. 50th Ave. 
P. 0. Box 1686 

Vancouver. WA 98663 
Phone 2061573.2722 

Pioneers in 
communicat ions 
antennas for 
over 25 years. 
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TWO BANDS, 2 METERS AND 1% METERS 
DIGITAL FREQUENCY SYNTHESIS 
WORKS ANY REPEATER SPLIT 
EXTENDED FREQUENCY COVERAGE 

FEATURES: Covers entire 2 meter and 1% meter bands Covers MARS, 
CAP and CD frequencies from 142 to 149.995 MHz Full digital fre- 
quency synthesis with 5 kHz steps No crystals to buy-ever Built-in 
repeater offsets of 600 kHz, 1 MHz and 1.6 MHz both plus and minus 
25 watts output on each band No transmitter retuning across either 
band FM-AM receiver 8 pole crystal filter Front mounted speaker 

PTT microphone and mobile mount included Operates on 12 volts 
DC Front mounted speaker for better sound Accessory connector 
for tone burst and tone coded squelch Lighted thumbwheel switches 
-a Comcraft exclusive 

SPECIFICATIONS 

GENERAL RECEIVER TRANSMI'TYER 
Frequency Coverage- Sensitivity- Power Output- 

2 M; 142.00 MHz to 149.995 MHz FM; 0.4 uv for20dB quieting 2 ~ ;  144 to 148MHz;28wattstypical 
1 '/a M; 220.00 MHz l o  225.00 MHz AM; 4dB noise figure, nominal 11/4 M; 22010 225 MHz; 28 watts 

Frequency Resolution- 5 kHz SquelchThreshold- 0.3 pv 
typical (25 watts guaranteed over 
both amateur bands) 

Frequency Stability- 0.00@5% Bandwidth- 13 kHz VSWR- Able l o  withstand infinite 
Power Input- 11 VDCto l5VDC Image Relection- 60 DB minimum VSWR with 14 VDC power input for 

10 minutes 
Dimensions- 10.5"W x 3.379"' x 1 0 0  Adjacent Channel Rejection- 80dB 

Warranty- 90 days, parts and labor 
(30 kHz) 

Audio Output Power- 2 watts 

CST-50 Two-band Transceiver. . . . . . . . $869.95 

P 0 .  BOX 266. GOLETA. CA 93017 



DELUXE REPEATER AUTO PATCH DATA TONE 
The auto.patch your club will TO DIAL PULSE 
be proud to own. It's complete 
in every aspect. Two 1.4  digit 

CONVERTER 
access codes, one 1-4 diglt dls- Convert standard 0-9 Data 
connect, rotary dial or regen- Tone digits to Bell System 
erated Data To?: output. dial. compatible dial pulse code. Co Includes state. 
i n  capability. 1". "0" and of.the-art Phased Locked Loop ant,-fals~np Data Tone decoder. 
numerical disconnects. ID by- large capacity 64-digit memory and solid state pulsing. Starts dial. 

pass, audio monitor, keyboard. digital readout, plus many other ing on f ~ r s t  incoming d ig~ t .  Memory will not become congested due 
features. Send for brochure. Rack mount only. to rapid succession of incomlng dlgits. Cancel and redial function. 

RAP-101 Sh. Wt. 15 Ibs. f949.00 and a digits are decoded and provlded for remote control Durooses. Available as D.C. board or rack mountina. 

DATA-TONE DECODERS - T T P l 2  & TTD-16 
The TTD-12 (TTD-16) is a com- 

C lete 12.digit (16.digit) Data 
one decoder. It uses the latest 

Phased Locked Loop technology 
to provide an extremely co rn  
pact. low-power receiver/decod- 
er. The TTD-12 accepts the 
standard 2 out of 7 (the TTD- 
16 accepts 2 out of 8) tone 
frequenc~es, providing a v a l ~ d  
output for each tone pair. Stan- - 
dard outputs are available with 

heavy duty relays or TTL logic. The TTD.12 and TTD-16 provide 
simple and reliable selective signaling capability. They are ideally 
su~ted for remote control purposes where unattended operatlon 
over radio links, private lines or the telephone network are 
required. 
TTD-121 TTL output 
TTD-12R. Relay output 
lTD-16L, TTL output 
TTD-16R, Relay output 

$89.50 wired 
$109.50 wired 

$99.50 wired 
$ 129.50 wired 

AUDIO AUTOMATIC GAlN CONTROL AMPLIFIER 
Is your tone decoder having problems due to  input variations? If  
so, eliminate these and other problems caused by weak, strong 
or  varying Input signels. The AAGC-1 will take slgnal levels be- 
tween 50 mV to  5 Volts and feed a clean rock stable signal to 
any decoder for perfect operatlon. Give your decoder a chance 
to decode properly with our AAGC-1 amplifier. 

Shipping Weight 3 oz. $39.95 wired 

AUTOMATIC DATA TONE 
Automatic mobile telephone 
dialing is now available. By 
the push of a single button 
you can automatically dial 
up to  six separate 7-digit 
numbers.  A l l  sol id.state 
micro.power COS-MOS de. 
slen. Automatic PTT ooeration. Progranim~ble to send telephone 
n&ber-only. access bode plus tekphone number or telephone 
number plus an identification number. Low profile dash mount, 
easy installation. Compatible with most r a d ~ o  equipment. Available 
w ~ t h  keyboard for manual dialing of numbers. Manual operation 
provides autoniatic PTT operation with I r / ,  second transmitter hold. 
AD-6 Without keyboard 99.50 
AMD-6 With keyboard 119.50 
Factory programming of numbers $7.50. 

DATA TONE PADS 
Standard size 12 and 16 digit Data Tone Pads. Automatic PTT 
operation with 1% second transmitter hold. Self powered via 
internal 9V battery. Audio and ,PTT outputs. TTP-1 and TTP-2 
also has low volume a u d ~ o  monltor for acoustically coupling of 
tones to microphone. Zero quiescent current. Operating temper- 
ature -20eF to -+-150'F. R. F. proof. 
l T P - l  16 digtt 3" A 5%" x 1%". Sh. Wt. 2 Ibs. 59.50 
lTP-2 12 digit 3" x 5%" x 1%". Sh. Wt. 2 Ibs. 59.50 

ANTI-FALSING 
DATA TONE 
DECODER 
Now, a true anti-falsing de- 
coder/receiver. Virtually im- 
mune to high noise or audio 
faking. Twelve or 16 digit 
capability. Completely solld 
state, uses latest Phased I 
power supply. Heavy duty 
board or 19" rack. 
TTD-12612 12 digit 
TTD-126-16 16 digit 

P.C. ~ o a r d  $195.00 
Rack Mount $285.00 

.ocked Loop decoding. Slngle 5-volt 
transistor output. Available as p.c. 

P.C. $149.95 Rack $219.95 
P.C. $169.95 Rack $239.95 

1 I 
REPEATER I I 
AUTO PATCH 
It 's complete - a single 
digit access/disconnect Auto 
Patch fac~ l~ ty .  All you need 
is a repeater and the phone 
line. matic Complete disconnect, wlth dialing auto- capability. E two way audio monitor plus 

remote control. When used w ~ t h  a rotary dial exchange. Data 
Signal's DPC.121 d ~ a l  converter is also reauired. P.C. board or 
~ a c k  Mount available. 
RAP-2 PC $99.50 Rack $149.50 

Sh. Wt. 2 Ibs. Sh. Wt. B Ibs. 
DELUXE 
P.C. KEYER 
I n  e~ther  a 5 volt TTL 
or a 9 volt C.MOS 
verslon thls new mod. 
ule type IC keyer can 
be eas~ly adapted to 
y o u r  o w n  c u s t o m  
package or  equ ip -  
ment. Versatile con. 
trols allow w ~ d e  char- 
acter weight varla. 
tlons, speeds from 5 
tn 50 w n m nltlr vnl. . - - - . . . - . . . . . - . - - - - 
ume and tone control. Solicl.state output s w ~ t c h ~ n g  saves power. 
eliminates al l  those annoylng relay problems and IS compat~ble 
w ~ t h  both g r ~ d  block and sol~d-state clrcultry. Wlth ~ t s  s~de.tone 
monitor and 90 day warranty the Data S~gnal  PC Keyer IS the 
one for you. 

TTL Keyer Wired $19.95; Kit $14.95 
C-MOS Keyer Wired $24.95; Kit $19.95 

DELUXE RECEIVER PREAMP 
Specially made for both OLD and NEW receivers. The smallest 
and most powerful s~ngle and dual stage preamps available. 
Brlng in the weakest slgnal w ~ t h  a Data Preamp. 

FREP. DELUXE PREAMPLIFIER 
(MHz) USE STAGES GAlN dB NF dB KIT WIRED 

SINGLE 20 2.5 S 9.50 512.50 
144 l o  148 2 METER DOUBLE 40 2.5 $18 50 52450- -- 
1 thru 30 HF BROADBAND 19-36 3 - 517.95 

Others Available. 

DATA 
Send fc 
1 A I 

IMMERGE LANE 

~r Free 
I rn 

! New r 

m n  

ALBANY, G ~ U K G I A  31707, 912-433-1 /b4 
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Look around anywhere, and we doubt if you'll find a base 
transceiver with a power-to-price ratio as good as the Yaesu 
FT-401 B. This is a radio with everything you've ever wanted 
for ease of operation, round-the-world coverage, and feature 
upon feature in both the transmitting and receiving sections. 
Including 560 watts SSB PEP, and 80 meter through 10 
meter transceiving coverage. What's more, the FT-401 B is 
backed up by a strong warranty, a nationwide dealer net- 
work and convenient service. 

So i f  you're ready to power up to one of the world's 
most popular rigs, get the radio. The FT-401 B. From the 
world's leading manufacturer of amateur radio gear. 

See your dealer or write for our catalog. Yaesu Musen 
USA, Inc., 7625 E. Rosecrans, No. 29, Paramount,Ca. 90723. 



When the FCC ap roves P a 750kWpower eve1 
for 12 clear channel AM stations 

to better serve the people 
of the United States, 

EIMAC tubes will do the job. 

Your cl 
PDM sl 
EIMAC 
Califor1 

ioice for ( 
ervice.El h 
Division, 

7ia 94070 varian 
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