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The new 2KD-5 linear amplifier.. . a one piece desk 
model with the power and reliability of a console 

At Henry Radio, we know how t o  build only one kind of in use al l  around the world. Conimercial and e x p o r t  

amplifier . . . t h e  bes t .  We w a t i t  you t o  c o l n p a r e  t h e  i n q u i r i e s  a r e  i n v i t e d .  

2KD-5 with any o t h e r  desk niodel a t  any price. The 2KD 5 1s a 2000 watt PEP ~ n p u t  (1200 watt PEP norn~nal  

Remember, t h e  2KD-5 i s  only one model in t h e  w o r l d ' s  output) RF Ilnear a m p l ~ f ~ e r ,  coverlng the 80. 40.20.  15 and 10 mete1 
amatecrr bands. 

b r o a d e s t  line of a n i p l i f i e r s . .  .both vacuum tube and Two Ernlac 3.5002 glass envelope t r~odes operating In a grounded 
solid s t a t e . .  . for HF. VHF and UHF.. .fixed s t a t i o t i  and P~I(I r ~ r r ~ ~ ~ t  " .- -. -- .- 
mobile.. . low power and high power. PI L plate c l rcu~t  wlth a rotary s~lver plated tank toll for greatest 

Never before has any one company offered s u c h  a eff~clency and maxlrnurn a t ten t~a t~on of unwanted harrnon~cs. 

cornucopia of high power RF amplifiers. - Full legal Input tn all modes. 2000 watts PEP Input for SSB. 1000 
watts UC Input for CW. RTTY and AM. 

Remember also t h a t  Henry Radio offers a broad line of . for 115 or 230 VAC, wire single phase, 
commercial and FCC t y p e  a c c e p t e d  amplifiers covering . high 15.. wide deep 
the range of 3 MHz t o  500 MHz. Henry amplifiers are . price, $ 8 9 5 , ~ 0  

2 K 4  ... LINEAR AMPLIFIER. Offers engineertng. TEMPO VHFlUHF AMPLIFIERS. Solid state power Tempo 40010 10W 40W $1 45 
construct~on and features second to none Provldes ampllflers lor use In most land mobtle appl~cat~ons. Tempo 40002 2W 40W 1165 
a long I t f ~  of rellahle servlce, while 11s heavy duty Increases the range, clarlty, r e l ~ab~ l~ l y  and speed ot Tempo 4 0 ~ 0 1  1W dOW $185 
components allow 11 to loaf along even at full legal two-way communlcallons. FCC type acceptedalso Tempo 25D02 2W 25W $125. 
power Operates on all amateur bands. 80 thru 10 Dr~ve Oulpul Tempo 10002 2W 10W $ 8 5  
meters. I1 you want to put that slrongclear slgnalon ~ o d e l  vower Power P"ce Tempo 1ODOl 1W 10W $125. 
the air that you've probably heard lrom other 2K 
users, now is the tlme Move up to the 2K-4 Floor BAND VHF AMPLIFIERS (35 lo 75 MHz) TEMPO lWALlO VHF LINEAR AMPLIFIER. Com- 

console ... $995.00 Tempo 100C30 30W IOOW $159 pletely so l~d  stale. 144-148 MHz Power output ot 
Tempo 100C02 2W lOOW 9179 100 walls (nom.) wlth only 10 watts (nom.) in. 

TEMPO 6N2 brings thesame highstandards tothe6 Tempo loOCIO loW loow $149 
Rel~able and compact ... $199 00 

and 2 meter bands. Apalrof advanceddesign Elmac HIGH BAND VnF AMPLIFIERS 1135 to 175 MHz) TEMPO 100ALlO'B BASE AMPLIFIER ...$349.00 
8874 tubes provlde 2.000 walls PEP Input on SSB or Tempo 130A30 30W 130W $189 
1.WO watls on FM or CW. Complete wllh self- Tempo 130~10 10W 13ow $179 Tempo solrrl state i ~mp l~ f l e r s  ate avalla1,le a t  

contained solid state power supply, blower and RF ~ ~ m p o  130~02 2W 1 3 0 ~  $199 Tempo cle;ilers lhroughoul the U.S. 
relalove power ~nd~calor .  ... $895 00 Tempo 80A30 30W BOW 5149 

Tempo 80A10 10W BOW $139 
TEMPO 2002. The same fine specs and features as T~~~~ BOA02 zw HOW $159 please call or write for complete informalion. 
the 6N2. but for 2 meter operation only. ... $745.00 Tempo 50A10 $ gg - w m a e 
TEMPO M06. Like the 2002, but for 6 meter Tempo 50A02 2W 5OW 9119 C .-- b ,? p p  f- 

operatlon $795.00 Tempo 30A10 10W 30W 9 69 
Tempo 30A02 2W 30W S 89 
UHF AMPLIFIERS (400 lo  512 MHz) 
Tempo 70D30 30W 7OW $210 
Temp0 70D10 TOW 70W $240 11240 W. Olympic Blvd.. Los Angeles. Calif. 90064 2131477-6701 
Tempo 70D02 2W 70W $270 931 N Euclid, Anahelm. Callf 92801 7141772-9200 

We also carry tho complete line of BIRD products. BU"er. Mossour' 64730 8161679-3127 
Price 1wbm1 10 tbn" .Ilhoul n011c1 



Which model should you choose now 
that you've chosen Rockwell-Collins? 

If you work mainly voice, and just dabble in CW, RTTY. 
or SSTV, build your station around our KWM-2A 
Transceiver. The unit is compact and lightweight, designed 
for portable as well as fixed operations. 

you're not limited to SSB voice 
communication, though. The 
KWM-2A's CW features include 
break-in and sidetone monitoring 
circuits. And with the optional 
516F-2 Power Supply and external 
cooling air, you can operate RTTY 
communications as well. 

But if your communications 
interest is varied and you want maxi- 

mum voice, CW, RTTY or SSTV capability, we recommend 
the Rockwell-Collins 753-3C Receiver and 32s-3A Transmitter. 

Optional 
filters, rejec- 
tion tuning 
and variable 
BFO on the 
receiver, plus 
features like carrier 
reinsertion on our 
transmitter. give you as 
much control of your equipment as possible. 
And our S/Line is famous as the cleanest sound around. 

Give your local Rockwell-Collins dealer a call. Or 
contact Amateur Radio Marketing, Collins Telecommuni- 
cations Products Division, Rockwell International, 
Cedar Rapids, Iowa 52406. Phone: 3191395-4493. 

Rockwell International 
..W sdence gets davn to bustness 
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k t s  p u  sekct 2 
coax led antennas, nndom wlre or 

This NEW MFJ Versa Tuner II . 8 

has SWR and dual range wattmeter, antenna switch, efficient airwound 
inductor, built in ballin. Up to 300 watts RF output. Matches everything 
from 160 thru 10 Meters: dipoles, inverted vees, random wires, verti- 
cals, mobile whips, beams, balance lines, coax lines. 

cient aimound induc- ransmitter matching 
capacitor. 208 pi. 300 and 30 watts. and RF watts in tor gives more watts out capacitor. 2 0 8  pf. 
1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 vo l t  spacing. 

Only MFJ gives you this MFJ-941 Versa me existing antenna. No need to put up sepa. 
Tuner II with all these leatures at this price: rate antennas lor each band. 

A SWR and dual nngc wattmeter (300 and Increase the usable IundwMth of your mo. 
30 watts full scale) lets you measure RF bile whlp by tunlng out the SWR hom inside 
power output for s~mplil~ed tunlng. your car. Works great with all solid state rlgs 

An antenna switch lets you select 2 coax (I~ke the Atlas) and with all tube type rigs. 
fed antennas, random wire or balance line. It travels well. too. Its ultra compact size 
and tuner bypass. 5 x 2 ~ 6  ~nches 111s easily in a small corner of 

A new efficient airwound inductor (12 po- your suitcase. 
sitions) gives you less losses than a tapped This bcaumul llHk tuner is housed in a 
toroid lor more watts out. transm~tter to any teedline from 160 thru 10 deluxe eggshell whtte Ten-Tec enclosure with 

A 1:4 balun lor balance lines. 1000 volt Meters whether you have coax cable, balance walnut grain sides. 
capacitor spactng. Mount~ng brackets lor mo. I~ne, or random wlre. S0.239 coax connectors are provided for 
b~le ~nstallat~ons (not shown). You can tune out the SWR on p u r  dipek. transm~tter input and coax fed antennas. 

With the NEW MFJ Versa Tuner R you can inverted vee, random wlre. vertical, moblle Oual~ty l ~ v e  way bind~ng posts are used fw 
run your lull transcetver power output - up to whlp, beam, quad, or whatever you have. the balance line inputs (2). random wlre input 
300 wans RF power output - and match your You can even operate all Bands wlth lust ( I ) ,  and ground (1). 

MFJ-900 ECONO TUNER 
Sam as MFJ-901 Y n a  Tunn. bd (n MI b r e  bm4n 'I ' I '  *mr s * , .  , 
baI~11 hr bllanra Ywr. Tuner man her and andom Yml. 

MFJ.901 VERSA TUNER 
MI - III III* tau hr nwn wan1 out. 

MFJ-202 RF NMSE BM06E 
Thlr MFI I F  Wfl k11 w WsI your 1nll.u 

Only MIJ  uses an ell!crcnl alr wwnd lMuclol (12 pmltlms) qulcrly h martmum pcmmlnre. YIlrvm ml. lml  hr. 
on thns class 01 tuners IO gtre y m ~  mwe walls wI and less quancy. t d ~ t * .  ~1111ance and mrlance, m y  
Imses lhan a upped laotd Malchsr evarythlnp trm 160 e#tenda and czp1dy  n p . c l l m m  nq1 (f 150 p0 (Irn 
thru 10 Meters dlpoler. tnvcrled vces. random wlrss, verb you much extended mrarurlnp nnw. 
calr. mob~le whops, beams. balance tams, coal llncs Up to MFJ-16010 RANDOM WIRE TUNER T ~ I I ~  resonan1 t r ~ r j i i ~ n ~ y  .a!rt wh~~hsr to shwlen a 1mgthm 
200 walls R f  oulpul I 4 balun In balance lhms Tune out Operate 160 lhw 10 Me lm.  Up Is 200 wins I F  rlpl. yoor nnlenna for $m#ai#rltilm SWH Adltlsl ywr slnpte a mu110 

the SWR PI ywr mm~lr whtp lmm InrMe prr ur. Works Matcher nlph a d  low tmpmlancsr. 12 prll)n lllduclr. barxi d~pole. I ~ Y P ! ~ P ~  YPP. b ~ d m  vertocal. mobile whtp or 
S0.239 tonnrtlur. 213x4 Inches. Mahhrr ZS 11 200 ohms random ryrtam lor mallmum perlamance 1 la 100 MHz. 
at 1.8 MHz. SO 23'3 connectas 2 x 3 ~ 1  lnches 9 volt batlay 

For technical I n f o r m a t i o n ,  order and repair status. and in Mississippi. please call 601-323-5869. 

Order any product f r o m  MFJ and try it. H not delighted, re tu rn  within 30 days for  a prompt refund ( less shipping). 
Order todav. Money back i f  not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 

Order ~y   ail or Call TOL FREE 800-647-8660 and Charge It On 

M F J  ENTERPRISES P. 0. BOX 494 1 1-1 
MISSISSIPPI STATE, MISSISSIPPI 39762 
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If  you look at technological advances with the eye of a historian, you'll see periodic peaks in new tech- 
nology, followed by nulls where everything seems to come to a standstill. This phenomenon is most no- 
ticeable in the semiconductor industry during the past few years, but if you look back to the 19th century, 
you'll see the same thing happened then, with George Stephenson's steam-powered locomotives and Eli 
Whitney's cotton gin early in the century, and later with the development of mass production techniques, 
the electric telegraph, and Marconi's wireless. Every few years, it seems, a major breakthrough in tech- 
nology occurs which produces an avalanche of new products on the market place. If you analyze it care- 
fully, in most cases you'll find that the "major breakthrough" didn't happen all at once as it first appears, 
but was the culmination of years of research by many different workers in many diverse fields. 

In many ways the cyclic rise and fall of technological achievement is an extension of the well-known 
domino theory - the apparent lulls in activity occur when the dominoes are being lined up; the break- 
through comes when the last domino is set in place and the whole line is knocked down, one domino after 
the other. It takes but one missing or misplaced domino to prevent the whole line from going down. 

In the field of gallium-arsenide field-effect transistors lGaAs fets or "gas" fets, for short), the last of the 
dominoes has been set in place, and in the near future there will be devices on the market which will pro- 
vide noise figures of less than 1 dB at 4000 MHz, and power outputs of 6 watts or more at 10 GHz. At a 
conference last summer at Cornell University, researchers from Bell Labs reported on a GaAs fet amplifier 
which yielded 10 dB gain at 4 GHz with a noise figure of 0.7 dB; at 6 GHz the noise figure increased to 1.25 
dB and gain dropped to 9 dB. At the same conference, scientists from Rockwell International were talking 
about a device which gave a 2.2 dB noise figure at 10 GHz with 8.5 dB gain. These devices and similar 
ones from other manufacturers will be available on the commercial market this year, but be prepared to 
pay a pretty healthy price for the privilege of building a circuit around them. As manufacturing processes 
are improved and yields go up, however, I expect device cost will drop within the amateur price range. If 
you can't wait, in this issue JH1 BRY describes a high-performance GaAs fet preamp for 432 MHz that has 
a noise figure below 1 dB. 

At Texas Instruments the accent is on power GaAs fets with claimed power output of 4.2 watts at 10 
GHz; and RCA has announced 140 m W  output at 22 GHz. The most impressive of the power GaAs fets, 
however, is a device from Fujitsu which provides 10 watts output at 4000 MHz. In theory 14 or 15 watts 
should be possible at 4 GHz with GaAs fet devices, and 6-7 watts at 10 GHz, but there are still a number of 
problems to be solved, so this capability may be five years in the future. 

Some of the same technology that has produced high-performance microwave GaAs fets is also being 
used in other areas. At the International Solid State Conference in February, an engineer from Hewlett- 
Packard described a monolithic 4-GHz integrated amplifier which provides 28 dB gain from dc to 2000 
MHz (gain is 7 dB from dc to 4 GHz). The three-stage amplifier is built on a single GaAs chip and uses re- 
verse biased Schottky diodes as capacitors and MESFETs as resistors. At the same conference, Bell Labs 
reported on a uhf operational amplifier which has a unity gain frequency in excess of 1000 MHz. Silicon 
NPN transistors are used in the design, which provides 20 dB gain at 300 MHz; the operational frequency 
range is 10-500 MHz. 

While GaAs fets threaten to displace bipolars above 3000 MHz, silicon MOSFETs are quietly moving in on 
microwave bipolars from the lower end of the frequency spectrum. Attention has been focused recently 
on advances in VMOS devices for vhf and uhf applications. Since the first commercial VMOS device was 
announced by Siliconix two years ago (ham radio, September, 19761, a number of semiconductor manu- 
facturers have gotten on the VMOS bandwagon including Intersil, Motorola, and Westinghouse. One firm 
has reportedly obtained 10 watts at 1000 MHz and more than 5 watts at 1500 MHz with a VMOS transistor. 
One of the big advantages of VMOS is its negative temperature coefficient which eliminates thermal run- 
away and secondary breakdown. This means that emitter resistors, temperature sensing diodes, and other 
protection circuitry required for bipolars can be eliminated, resulting in a substantial cost savings. VMOS 
also offers better linearity with third-order IMD typically 3 to 5 dB better than bipolar power amplifiers. 

As I said earlier, technological breakthroughs seem to come in spurts. During the past year or so there 
have been some remarkable achievements in the world of digital electronics, but it has been pretty quiet on 
the analog front. With the latest rf devices just now emerging from the laboratory, how long will we have 
to wait before all the dominoes are gathered for the next breakthrough? 

Jim Fisk, WlHR 
editor-in-chief 
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ICOM's matchless mobile IC-22s has, since its introduction, been 1- 
standard against which all other VHF mobile transceivers have bc 
measured. It is a prime example of ICOM's quality engineering, pe 
performance and phenomenal flexibility blended into one splendii 
simple and affordable radio. Small wonder that the IC-22s has bc 
the most popular radio that ICOM has ever offered. 

UU 

cer 
mil 

R4lt to be viable operating hardware for years to come, wlrn a magn 
~t high sensitivity receiver and instant programming and reprogra 
ng of any 22 of 256 possible frequencies, the IC-22s is priced for 1 
)bile beginner and the multi-vehicle serious VHF enthusiast. S m  
nder that many hams own and operate more than one IC-22s. 

With Touch Tone adaptability, quick change mobile mount, external 
speaker provisions, optional AC base power supply and other great 
flexible growth characteristics, the IC-22s is the perfectly affordable 
radio for those to whom present performance and future possibilities 
are important. Small wonder. 

All 1COM radios slgnificantfy I i F ~ q u m y  Range: 146148 MHz n V&agc: 13.8VDCmgatkrrgrmnd I: Olnmt R q u m d :  
exceed FCC Speclficatlon~ TX.  ampr rat I 0  W.0.9 ampat I w: RX. 700 ma at maxaudb Size: Sllmm(h) x 156rnm(w) r 218mm(d) Weight: 

llmlting spurious emissions. 1.9 Kg N u m k  of Chanmfr: 22 selected hom 256 polslble : P w n  Ourput: 10 W or I W. wllected ' Modulation 
Wldlh: 5 KHz Mkmphnne lmprdanrr: 500 ohms Spuriarr Level: - 60 dB below caniPr Moduhtion 
Acceptance: 16F3 Hecelver Ssnsilivll~: .4 mv h~r  20dR qtllnlng Spurious Response: 60dB or morcansnustion 
I Bandpass: . 7.5 KHz/ 6dB: . 15 KHz1 60 dB Squelch S~nsltivity: 8 dB below I mv 

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA 
Suite 3 Su~ le  307 7087 V~ctor~a Drtve 
13256 Norlhrup Way 3331 Towerwwd Drtve Vancouver 0 C V5P 3Y9 
Bellevue, Wash 98005 Dallas. Texas 75234 Canada 
(206) 747-9020 1214) 620.2780 (604) 321-1833 



TEN-METER AMATEUR LIPZARS WERE BANNED by the FCC Commissioners in an early February 
meeting, and it -evident that most had already decided on the ban before the meet- 
ing began. The ban covers the commercial manufacture, distribution and sale of any RF 
power amplifier covering the 24-35 MHz range. It appears that linears in the marketing 
"pipeline" - in manufacturers' stock or on dealers' shelves - will receive some sort 
of "blanket" waiver to be sold rovidin that they meet all the Type Acceptance criteria 
other than frequency coverage. don't will have to be considered individually. 
Amplifier sales between individual Amateurs are still permitted, and individual Amateurs 
are still permitted to build their own 10-meter linears. 

LIMITED TYPE ACCEPTANCE of Amateur amplifiers below 144 MHz was also adopted with 
technical standards similar to those already in Part 97; actual implementation of Type 
Acceptance won't take place until detailed specifications and procedures are ready in 
several months. 

To Meet The New Type Acceptance requirements an amplifier will have to be capable of 
acce~tin~ 50 watts (mean power) of drive, have less than 15 dB power gain, require ex- . - 
ternal transmit-receive switching (no  se sen sin^) - and, of coirse, not operate in the 
24-35 MHz spectrum. How difficult a manufacturer is supposed to make it for an individ- 
ual Amateur to modify his product to cover 10 meters is still unclear. 

It's Ex ected that the ban and Type Acceptance will go into effect at the same time, 
but just wEen won't be known until a Report and Order on the two dockets is released. 
Further clouding the issue is what action industry plans, with several manufacturers, 
ARMA, and the ARRL all likely candidates for filing petitions for reconsideration. In 
both industry, and among individual Amateurs, the feeling is that the Type Acceptance 
requirements in themselves would have been sufficient to drive the illegitimate ampli- 
fiers off the market, so the ban on top of Type Acceptance serves only to unnecessarily 
penalize Amateurs. 

AMATEUR SECONDARY STATION licenses for individuals will be phased out as their present 
terms expire as a result of the first Report and Order on Docket 21135, effective March 
24. Special events stations and callsigns were also eliminated as the Commissioners 
attempted to reduce the Amateur Radio workload at Gettysburg to within budgetary limita- 
tions. For Amateurs who presently hold more than one station license, the effect will 
be a decision on their part as to which callsign to keep when it is time to renew; the 
freeze on issuance of new secondary licenses, in effect for almost a year, is now 
permanent. 

Extra Class Re uests for s ecific 1x2 or 2x2 callsigns will no longer be honored 
under the newly ajopted r u l e h h  they will still be able to request an unspecified 
2-letter-suffixed callsign. Eventually, but well in the future, it's planned to offer 
1x3 callsigns to all the holders of Advanced or Extra Class licenses who wish them. 
Also, the present process by which a 1x3 callsign holder receives a 1x2 "preferred" call- 
sign when changing call areas is to be eliminated. However, as the rules now permit an 
Amateur to retain his former callsign even after moving permanently to a new call area, 
it's likely many present 1x3 and 1x2 callsign holders will elect that option. Along that 
line, future initial callsign assignments are now going to be based on the applicant's 
mailing address rather than station location. 

Club, RACES, and Military Amateur station licenses are to be further considered under 
a new Notice of Proposed Rule Making on Docket 21135. Distinctive prefixes for club 
stations (WK) and military stations (WM) are also proposed in that NPRM, while RACES 
stations would continue with WC callsigns as at present. It's also proposed that the 
criteria for a club station license be tightened considerably, requiring that the organi- 
zation demonstrate a "compelling need" (distinctive use, past and present) for a club 
license before one would be issued or renewed. RACES licenses would also be reduced to 
only one per Civil Defense organization, and licenses for all three classes of organiza- 
zations would be issued to the organization, not an individual trustee. Due date for 
Comments on this NPRM is June 2, with Reply Comments June 30. 

REPEATER LICENSES AREN'T REQUIRED to put a repeater on the air under terms of a re- 
cent waiver. No prior FCC approval or additional license is now required to operate a 
repeater, auxiliary link, control, or remotely controlled Amateur station - all may 
be operated with the individual's primary station license, callsign, and appropriate ID. 
The waiver is effective until the Commission releases an Order on Docket 21033. 

KH1 THROUGH a are the new prefixes for U.S. Pacific islands, while KP1-KP0 will 
identify Caribbean areas; the change was effective March 24. As some spots such as KX6 
and KC6 are not FCC administered and would apparently continue with present prefixes, 
there seems to be enough in each block to handle the needs. 

THE 2-METER DX RECORD has been stretched again, this time to 6300 km (3940 miles), 
as KPCEOR worked LU8DIN. W5ZZ has heard LU3AAT on 432.1 MHz, and they plus KP4EOR are 
attempting schedules on that band as well as on 2 meters. 
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The TR-7400A lets you go anyplace on the 
2-meter band. . . covers the entire band with- 
out compromk. It exceeds all FCC emission 
requirements for amateur transceivers. Its RF 
output is factory spec'd at 25 watts. . . but 
is typically over 301 It offers a dual frequency 
readout with large easy to read 6 digit LED 
display plus a functional dial readout system, 
fully synthesized 800 channel operation and 
repeater offset over all 4 MHz (1 44-1 48 MHz). 
The unique Continuous Tone Coded Squelch 
system is a Kenwood exclusive. 
Outstanding sensitivity, large-sized helical 
resonators with High Q to minimize undesir- 

Kenwood's exciting 2-meter transceiver. . . still able out-of-band interferance, and give a 
2-pole 10.7 MHz monolithic crystal filter the most powerful. 800 repeater combine to give your TR-7400A outstanding 

offset over all 4 MHz (144-148 MHz), dual receiver performance. Intermodulation char- 
frequency readout, easy to read 6 digit acteristics (Better than 66dB). spurious 

(Better than -60dB), image rejection (Better 
d i s ~ l a ~ g  Kenwood's unique continuous tone than -7OdB), and a versatile squelch system 

coded squelch system and outstanding receiver make the T R - 7 4 0 0 ~  tops in its class. 
performance. All in a rugged, compact package. (h ive  6 Modules a ilters and 1 -one B u m  

H 

The TR-7400A is shown with 

r 

trar 

IS furnished hand mike and 
the PS-8 DC power supply 

(optional). Take your TR- 
DOA out of the car and you 
In use it as a powerful base 
Itation. The PS-8 is rated at 
8 Amps and is among the 

nost rugged, well-regulated 
supplies available for VHF 

lueivem requiring 12V DC. 

- +  S ~ I O C ! ~ V ~ I ~  12 KHI at -6 RF Oulput Power 25 
~ p e c 1 f i c 3 t 1 0 n s  dB down watts (Hhgh) s 15 Wawr 

4 0  K H z  a! -70  dB dnun ILou adnu* 
Image Relectlon Bestar Antannn 11 0 

mngs 144 0 0  MHI to then -70  dB ohms 
1 4 7  995 MHz Spurlous Interlsrsncs Frequency 5 

Mode FM Bactet lhan -60  dB KHz 
8 0 0  C h e n n e l ~  5 K H I  Intsrmodulal~an Better Spurlour Rsrwnss Bemr 

spaced than 6 6  48  than -60  dB 
Sensltlv4ty Better than 0 4 Recelvs Syrrarn Double Mtrro~lhons Dynamic v l l h  

uv 10, 2 0  d~ qulet~ng convsrslon PTT S W , , C ~  500 ohms 
B e r m  than I u V  for 30 Far* IF 10 7 MHz Current Oram Lsrr than 
d 8 S r N  Second IF 455 KHz 1A an rrrelva (ro nnpll 

Squalch Ssnnoulty Better Avdno Oulpu! More than 5bQn"l) 
than o 25 uv 1 5 watts 18 ohm 1 4 )  Current Or 

RA 0s lran 





advanced electronic keyer 

By defining 
keying intervals 

the author has developed 
a practical keyer 

that permits 
maximum time for 

character keying - 
enabling you to send 

letter-perfect code. 

About thirty years ago, the bug was the most pop- 
ular keying device, being widely used by hams all 
over the world. Only a small minority were using a 
new device, the electronic keyer, which had just 
begun to appear on CW bands, to produce fast and 
perfect machine keying. In the late 1940s. W6OWP 
described in QSP a new and simple principle for the 
electronic keyer. In Europe, this keyer was modified 
and popularized on the amateur bands by 02780. 

The W6OWP electronic keyer was simple, yet re- 
liable. It did not use any clock-pulse generator, with 
the timing of dots, dashes and spaces performed by 
RC circuits, two triode vacuum tubes, and two re- 
lays. The dot, dash, and space time ratio was practi- 
cally constant over the whole speed range. The most 
important features, though, were the self completing 
dots and dashes (including the following space), in- 
stant response when the paddle was closed, and suf- 
ficient time to release the paddle when the character 
generation was to be stopped. 

electronic keyer requirements 
Are there new requirements for the electronic 

keyer today? The optimum timing of characters, 
(dots, dashes, and spaces) over the entire speed 

- 
By Pavel Horvath, OK31A, Institute of Physics, 
Slovak Academy of Sciences, 899 30 Bratislava, 
Czechoslovakia 
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range, and simple but reliable control of the keyer 
with the paddles are, of course, still expected. This 
can be easily understood by examining the timing of 
characters as shown in fig. 1. The time durations of 
the dash, dot, space within a character, space be- 
tween characters, and space between words are de- 
fined as 3, 1, 1, 3, and 7 elementary time intervals. 
This timing of characters seems to be optimal for 
fast speeds. A different timing could be required at 
very low speeds; this problem, however, is not dis- 
cussed here. Even though the keyer must accept 
imperfect keying, the output characters should be 

"generated without errors. 
Control of the keyer with the paddles is very im- 

portant. Two types of paddles are generally used; the 
single paddle for standard keying and the dual paddle 

fig. 1. Timing of characters and spaces. 

for squeeze or iambic keying. The single paddle, 
when released, slips into the neutral position and can 
be closed for a dot or for a dash. The dual paddle can 
be closed simultaneously for a dot and for a dash. 
Keying with a dual paddle is somewhat different than 
that with a single one. 

Using the single paddle, there are two distinct 
groups of characters. First, those characters having 
an alternate sequence of dots and dashes (C for 
example) are generated by alternatively closing the 

Front view showing the construc- 
tion and placement of the printed 
circuit boards. power supply, 

DASH PADDLE 

DOT PADOLE 

KEYER OUT 

fig. 2. Permitted time intervals for closing the paddles to 
generate the character C. 

paddle for a dash and then a dot. The first dash starts 
at the instant t , = t e ,  when the paddle is closed. No 
delay time should occur. By using dot and dash 
memories, the paddle can be moved to the dot side 
after the first dash begins. Fig. 2 shows the per- 
mitted time intervals for closing the paddle to gener- 
ate the character C without errors. 

The second group of characters are those which 
have a series of dots or dashes. Fig. 3 shows the key- 
ing required for the character = (BT). The paddle is 
first closed to generate a dash at the instant t ,  = te ,  
but yet, must be released and moved to the dot side 
before I, .  During the interval t ,  to t l o ,  the paddle 
must be repositioned to form the last dash. For ex- 
ample, the paddle could be closed during t ,  to t l o  
and released during t d  to t l r  

A somewhat different situation arises if you use 
dual paddles for iambic keying. The output with both 
paddles closed is called an iambic sequence. Fig. 4 
shows the keying for CQ. You start by closing the 
dash paddle, followed by closing the dot paddle. The 

speaker, and other components. 
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DASH PADDLE 

001 PADDLE 

KEYER OUT 

fig. 3. Permitted time intervals for closing and releasing 
paddles to generate the character = (BT). 

dot paddle can be closed any time during the t 8  to t 4  
interval. Both paddles are held until you recognize 
the last dot in the character C .  Then you release both 
paddles. The sequence for releasing the paddles is 
not important, but both must be released during 
t l o  to t 1 2 .  If the keyer also completes the spaces be- 
tween characters, you can re-close the dash paddle 
anytime during the t 1 2  to t 1 4  interval. After the sec- 
ond dash in the Q has started ( t I 8 ) ,  you must close 
the paddle for a dot during t 1 8  to t z2 ,  keeping both 
paddles closed to produce the character in the iambic 
mode. If both paddles are released anytime during 
t z 4  to tZ8 ,  the Q will be completed. When both pad- 
dles are released, the iambic sequence must stop 
after one bit (dash or dot) is completed. No second 
bit should be generated. 

The permitted time intervals previously discussed 
are the maximum intervals in which the paddles can 
be closed or released, allowing the characters to be 

generated without errors. Any shorter time intervals 
make the keying worse. A summation of the pre- 
vious points produces a list of features which an 
electronic keyer should incorporate: 

1. Keying by both single and dual paddles. 

2. Maximum possible permitted time intervals to 
make the keying easy. 

3. A t  the beginning of the message, the character 
should start the instant the paddle is closed. 

4. Optimum timing of dots, dashes, and spaces, 
throughout the entire speed range. 

5. Stable clock generator, without clock pulse 
variations after triggering. 

OLSW P I O O l f  

001 P1001t 

K R t R  OUI 

fig. 4. Keying of the word CQ in the iambic mode. 

I began my design with the circuit described by 
WB2DFA.2 In my version, I use very similar timing 
circuits, modified for a triggered clock and complete 
timing of spaces. My efforts were concentrated on 
improving the control of the keyer with paddles, 
making keying easy and convenient. 

A block diagram of this keyer, with the significant 
signal names, is shown in fig. 5. 

C L O C K  GIN 

GENERATOR TOGGLE ""> C e ,  L 

Y = + L ~ B I C I O J  - ' -  - -  - -.- - -  .. - - -  
= : ... - - - c., - = 

O E C O O F R  

KEYING 
PliOOLE orsn 

I 
t 

- -3 S O U L ~ Z L  1 'Or 
"IG - orsn OR no1 

![Sf1 EOUtIl - - 
r" 
e 

1 
11 BUFFER " DOT REGISTER 

I 

1 KEYER 

OUT 

fig. 5. Block diagram of the advanced electronic keyer showing the most significant signals. 



Clock generator. As shown in fig. 6, the schematic 
diagram, the clock pulses are generated by transis- 
tors T4, T5, and the associated logic. In the initial 
state, the clock generator is off since GEN TRlG is 
low (0). The signal GEN TRlG is the logical sum of 
DASH TRIG, DOT TRIG, SQZ TRIG, MESSAGE START, 
and A.B.C.D. Because of the low from GEN TRIG, T4 
is turned on by the current flowing through D3 and 
subsequently T5 is also turned on. At the instant the 
paddle is closed, GEN TRlG goes high, enabling the 
clock generator. Simultaneously, a short, negative 
pulse is formed by the gates connected to D4. This 
negative pulse turns off T4 and starts the generation 
of clock pulses. This circuit philosophy allows the 

"generator to start in synchronization with the paddle. 
The clock pulses (GEN) are perfectly formed, the first 
pulse being the same as the following ones. The 
clock frequency is continuously variable and cor- 
responds to speeds of 10 to 50 words per minute. 

either paddle. Now, if a dash is to be sent, for ex- 
ample, the paddle is pressed, causing the clock gen- 
erator to be activated, and the DASH signal to be 
generated. This signal, DASH, is the actual eventual 
output from the keyer. And, in addition to being the 
output, it is used to reset the binary counter for the 
duration of the signal. When DASH resets the coun- 
ter, through the RO(1) and RO(2) inputs, the 0.C.D 
and A*B*C*D are high, thus feeding the clock pulses 
to the binary counter. But, the pulses will not be 
counted until the completion of the dash since the 
resets override the normal clock input. 

When the dash is completed, the CLOCK and DLD 
CLOCK pulses will then be counted. The gates con- 
nected to the B and D outputs of the binary counter 
will give an ENABLE TIMING pulse at the completion 
of the first or third timing interval; if there is a dot or 
dash waiting in the buffers, it will be generated after 
the first interval and the process will start again. If a 

Rear panel view showing con- 
nectors for the ac line. 12-volt 
battery, paddles, manual key. 
external speaker, message mem- 
ory, keyer output. S1 and S2. and 
speaker volume control. 

The toggle and delay circuits divide the GEN signal by 
two, producing CLOCK and DLD CLOCK signals, with 
a delay of about 200 nS. 
Space generation t iming circuits. The circuitry in 
this portion of the keyer is used to provide a con- 
stant-width space following each element of a char- 
acter, whether a dot or a dash. This self-completing 
space corresponds to the length of one dot. In addi- 
tion, the timing of the space between characters and 
words can also be made self-completing, corre- 
sponding to 3 and 7 elementary-time intervals. 

In the initial state (completion of a space), the four 
outputs of the binary counter are all high, causing 
the ENABLE TIMING line to also be high. When this 
line is high, the circuits for generating a dot or dash 
are not inhibited, and can be activated by pressing 

dot or dash is not waiting, another ENABLE TIMING 
pulse will occur after the third timing interval (charac- 
ter space). If a character is still not in the input buff- 
ers, the word space will be generated (seven time in- 
tervals) by the gates connected to the B, C, and D 
outputs of the counter. At the completion of the 
word space, the A*B*C*D line will go low, stopping 
the pulse generator. If a character had been keyed in 
as the beginning of a new word, however, the pulse 
generator will not stop. Thus, if you are keying prop- 
erly, the clock generator runs without interruption 
through the whole message. 
Buffers and registers. The input buffers (or dot 
and dash memories) are used to store the code ele- 
ments as they are put into the keyer. The dash and 
dot memories are actually 2-bit shift registers set up 
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as FIFO registers, composed of D-type flip-flops. REG shifts the dot register, turning the output dis- 
During keying, the dots and dashes are not only tributor back to the dash buffers. The same pro- 
stored, but are also simultaneously shifted into the cedure is followed until the character C is shifted out 
timing circuits. Therefore, it is possible to buffer of the buffers. 
characters in which the sum of the dots and dashes is 
greater than four. 
Dash and dot distributors. The input and output 
dashldot distributors remember which kind of a bit, 
dash or dot, was stored first. The input distributor 
stores the dots and dashes in a sequence depending 
on the first bit keyed in; the output distributor cor- 
rectly loads the content of the buffers into the timing 
circuits. 

The character C, if stored in the buffers, is pro- 
cessed to the keyer output in the following manner. 
The output dashldot distributor, being enabled for a 
dash, allows the DASH TRlG signal to pass through 
the gates into the dash timing circuit, triggering the 
first dash. When the dash and the following single 
width space are completed, the signal SHIFT DASH 
REG shifts the dash register and clocks the output 
distributor to the dot memory, thus enabling the 
DOT TRlG signal through the gates into the dot timing 
circuit, triggering the dot. When the dot and the sin- 
gle width space are completed, the signal SHIFT DOT 

Dash and dot timing. The timing of a dash will 
start if the DASH TRlG or SQZ TRlG signal is low, the 
output dashldot distributor enabled for a dash, and 
the signal ENABLE DASH TIMING high. The pulses, 
DLD CLOCK, transfer the high level on the D input to 
the output of the flip-flop, causing DASH TIMING to 
go high. With this signal high, a four-state binary 
counter receives the DLD CLOCK pulses. The counter 
states are then decoded into the signal DASH, which 
is three elementary-time intervals long. While the 
DASH is executed, the DOT circuit is disabled. 

Dash shift and dot shift. The signals SHIFT DASH 
REG and SHIFT DOT REG, shown in fig. 7 ,  are short 
pulses positioned at the end of the single width space 
following the dash or the dot. By having these pulses 
at the end of the space, you have the maximum 
amount of time in which to key in another dot 
or dash. 

The block diagram in fig. 5 illustrates how these 
signals are formed. The signal CLOCK is delayed 200 

fig. 6. Schematic diagram of the advanced electronic keyer. 
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DASH PADDIE 

DOT PLODLf 

oAsn TRIG 

DOT TRlG 

GtN TRlG 

GEN 

OLD CLOCK 

DASH TIMING 

DASH 

DASH a 
001 TIMIN6 

DOT i 
DASH OR 001 

1 

8 

C 

0 

m 
, i i  

ENABLE TIMING 

tNAllE DASH TIMING 

tNIOlt DOT TIMING 

SHlfT DASH R I G  

SHIfT 001 R t C  

fig. 7. Timing diagrams for the signals shown in figs. sand 6. 

nS, producing DLD CLOCK. Also, CLOCK is used to 
drive the A section of the binary counter. After the 
DASH and DOT signals are formed, they're shifted 
into another D-type flip-flop, which is clocked by 
DLD CLOCK. The dash or dot therefore initiates the 
shift register signal, while the DLD CLOCK stops it, 
200 nS later. 

Squeeze. During the initial phase of keying, the 
buffers, dash and dot registers, and input and output 
dash-dot distributors are involved. When both pad- 
dles are squeezed, SQZ TRlG goes low, clearing both 
buffer registers, enabling the clock generator, and 
executing the iambic sequence. When both paddles 
are released, RESET SQZ resets the squeeze circuit 
forcing SQZ TRlG to go high at the end of the first 
completed single-width space. 

Monitor. The keyer contains an internal side-tone 
oscillator, which consists of a multivibrator, an inte- 
grating amplifier, and internal speaker. The multi- 
vibrator generates a I-kHz rectangular waveform, 
which is integrated in the amplifier. The triangularly 
shaped sidetone drives an internal 8-ohm permanent 
magnet speaker. 

Message memory. Provisions have been made to 
connect the keyer to an external random-access 

memory. Four signals are available on a rear panel 
connector for operation of the memory. During the 
"message write operation" the MEMORY CLOCK and 
DASH or DOT are used for synchronous storing of 
the message. The MEMORY CLOCK automatically 
starts when the paddle is activated and continues to 
run during the manual keying. When the manual 
keying stops, the MEMORY CLOCK runs for seven 
clock pulses after message generation ceases. 
MEMORY CLOCK can be enabled to run through the 
remaining addresses by taking MESSAGE START low. 
During the "message read operation" MESSAGE rep- 
resents the memory content previously stored and is 
transmitted through the OR gate to the keyer output. 

construction 
The electronic keyer is built in a 7 x 10 x 21 cm 

(2 314 x 4 x 8 114 inch) steel cabinet. The overall 
view is shown in the photographs. The ICs are 
mounted on a universal printed-circuit board with 
wire wrap used for the circuit connections. The parts 
list is shown in table 1 .  

concluding thoughts 
This advanced electronic keyer could seem to 

some readers to be rather complicated. However, 
even an inexperienced homebrewer can expect per- 
fect performance by exercising reasonable care dur- 
ing construction. Additionally, there are no special 
circuit adjustments necessary. 

table 1. Semiconductors used in  the electronic keyer 

integrated circuits transistors 

7400 9each KC507 Silicon, 0.3 W T I ,  T4 - T7 
7404 6 each KF508 Silicon, 0.8 W T2, T8 
7410 2each KF517 Silicon, 0.8 W T3 
7420 1 each 
7430 3 each 
7474 8each Diodes 
7493 1 each KA221 Silicon, Switching D l  - D4 

Only inexpensive TTL ICs were used in this project. 
The more experienced builder could change some 
circuit components or integrated circuits to ones 
more available in the United States. Or he could use 
NOR gates, monostable multivibrators, or MSI shift 
registers to minimize the number of parts and energy 
consumption. This should not be in contradiction 
with the aim of this article, however, which is to pro- 
vide optimum keyer control and timing. 
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AMSAT-OSCAR D 

The AMSAT-OSCAR D spacecraft 
is scheduled for launch 

sometime this month - 
here are the complete 
operating parameters 

for this new 
amateur satellite 

I AMSAT-OSCAR D, the next spacecraft in the OSCAR 
series, is a Phase II spacecraft which was built over 
the past two years by radio amateurs in the United 
States, Canada, Japan, and West Germany and is 
the first spacecraft in which AMSAT, Project OSCAR, 
and the ARRL have joined together to build flight 
hardware. The spacecraft makes extensive use of 
parts left over from the OSCAR 7 and Phase Ill pro- 
grams, and was built primarily because the Phase Ill 
spacecraft will not be available until 1979. By stretch- 
ing its resources almost to the limit, AMSAT has been 
able to work on both the Phase Ill spacecraft (with 
lots of publicity) and OSCAR D (with little publicity). 

The new spacecraft carries transponders for two 
modes of operation. There is a conventional 145.9 
MHz to 29.4 MHz Mode A transponder, and a new 
145.9 MHz input, 435.1 MHz output, Mode J trans- 
ponder - a similar frequency combination was used 
on the short-lived OSCAR IV spacecraft in 1966. In 
addition, six channels of telemetry are provided to 
monitor the onboard status of the satellite. 

I mission objectives 
The principal objective of AMSAT-OSCAR D is its 

use as an educational tool in schools. Other objec- 
- 

By Perry Klein, WSPK, and Joe Kasser, 
G3ZCZ,  AMSAT,  Post  O f f i c e  Box 27, 
Washington, D. C. 20044. 
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tives include the continuation of communications de- 
monstrations by means of stations in the amateur- 
satellite service, of the feasibility of using satellites 
with small amateur terminals for emergency commu- 
nications, communications between medical centers 
and isolated areas, aeronautical, maritime, and land- 
mobile communications, direct satellite-to-home 
voice "broadcasting" to  simple amateur receivers, 
and other similar applications. Further objectives are 
to demonstrate special operating techniques that en- 
hance the usefulness of low orbits for these satellite 
applications, and to test the suitability of a new com- 
munications transponder frequency combination 
(Mode J) for small terminal users. 

AMSAT-OSCAR D will permit the continuation of 
the education program, which began with OSCARs 5, 
6, and 7, over the next several years, the anticipated 
lifetime of the satellite. OSCAR satellites have begun 
to play an important role in a new approach to 
science education. Used as remote laboratory tools, 
these satellites represent a pioneering utilization of 
an active space system in the classroom. Using inex- 
pensive ground terminals for OSCAR satellites in 
schools, students can gain firsthand experience in 
space science. This type of direct, active involve- 
ment has relevance to the study of communications, 
astronomy, engineering, physics, mathematics, and 
meteorology. The low-cost OSCAR ground terminal 
puts an active satellite system at the disposal of the 
instructor and student. 

spacecraft description 
OSCAR D is a communications satellite in the 

Phase II (low-orbit) series which is designed to oper- 
ate with small stations in the amateur-satellite service 
on a non-commercial basis. The spacecraft contains 
two communications transponders and command 
and telemetry systems; it is solar powered, weighs 27 
kg (60 pounds), and is a 38 cm (15-inch) rectangular 
solid 33 cm (13 inches) high. Its anticipated useful 
operating lifetime is three years. 

Two types of communications transponders are 
aboard the spacecraft. Normally, only one trans- 
ponder will be operated at a time because of space- 
craft battery constraints. 

Two-to-ten meter transponder. The Mode A 
transponder is a two-to-ten meter unit similar to the 
one used on OSCAR 7 (input frequency passband 
145.85-145.95 MHz. and output frequency passband 
between 29.40 and 29.50 MHz). A 250 mW telemetry 
beacon provides telemetry data in Morse code at a 
frequency of 29.402 MHz. Approximately - 95 dBm 

is required at the transponder input terminals for an 
output of one watt. This corresponds to an effective 
radiated power from the ground of 80 watts for a dis- 
tance to the satellite of 1930 km (1200 miles) and a 
polarization mismatch of 3 dB. The transponder 
translation frequency (input frequency minus output 
frequency) is 116.458 MHz. Thus, the relationship 
between the uplink (f,,,) and downlink (fdI is 

fd = fu- 116.458 +_ Doppler 

where bothfd and f, are in MHz. 
An uplink signal at 145.900 MHz, for example, will 

produce a down-link signal from the transponder on 
29.442 MHz + Doppler. As in the two-to-ten meter 
transponders in OSCAR 6 and 7, the passband is not 
inverted, and upper-sideband uplink signals become 
upper-sideband downlink signals. Output power is 1 
to 2 watts. 

Note that the downlink frequency will be slightly 
different (8 kHz) from that of the equivalent OSCAR 7 
Mode A transponder which has an equivalent fre- 
quency relationship of 

AMSAT OSCAR D spacecraft to be launched in March. 1978. 
by NASA. When it is in orbit it will be designated AMSAT 
OSCAR 8. 
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Two meter-to-70cm transponder. The Mode J One port of the hybrid feeds the Mode A receiver; 
transponder, constructed by members of the Japan left-hand circular polarization is required by users in 
AMSAT Association in Tokyo, uses a two-meter in- the Northern Hemisphere and right-hand circular 
put, 70 centimeter output combination which has not polarization is required in the Southern Hemisphere. 
yet been flown in the AMSAT Phase II series. This A second port of the hybrid is connected to the 
transponder operates with an input frequency pass- Mode J receiver; right-hand circular polarization is 
band of 145.90-146.00 MHz, and an output frequen- required in the Northern Hemisphere, and left-hand 
cy passband of 435.10-435.20 MHz. Power output is circular polarization in the Southern Hemisphere. 

The antenna aain should approach 5 dB in the - Z - . . 
direction (ie., toward the bottom of the satellite). 

The Mode A ten-meter downlink antenna is a lin- 
early-polarized dipole which is oriented perpendicular 
to the stabilization magnets in the spacecraft as in 
OSCAR 6 (but unlike OSCAR 7, which has the ten- 
meter antenna parallel to the axis of the magnets). 

The 435-MHz Mode J downlink antenna is a simple 
monopole, linearly polarized, and located on the top 
of the spacecraft. Note that its location may result in 
some radiation shielding at high Southern Hemi- 
sphere latitudes. 

telecommand system 
A five-function telecommand system of a new 

desinn is carried on OSCAR D. The system is based 

JAlCBL of Japan AMSAT Association (JAMSAT) building on the best features of the OSCAR 6 and 7 telecom- 
parts of the Mode J transponder. mand systems, and is designed to be virtually im- 

mune to noise and interference. The command func- 

about 1-2 watts PEP, and the output passband is in- 
verted, i.e., upper-sideband uplink signals become 
lower-sideband downlink signals. The transponder 
translation frequency (input frequency plus output 
frequency) is 581.1 MHz? Doppler. Uplink sensitivity 
for one-watt output is - 105 dBm, corresponding to 
an effective radiated power from the ground of 8 
watts for a distance to the satellite of 1930 km (1200 
miles)." Note the greatly improved sensitivity of this 
mode, and keep your power down. A 100-milliwatt 
beacon carries telemetry at a frequency of 435.095 
MHz. The relationship between the uplink (j,) and 
downlink (fd) is 

fd= 581. I - f,+ Doppler 

where both fdand fu are in MHz. 

tions are: 

Mode A Select (Two-to-ten meter transponder 
ON) 

Mode J Select (2 meter to 70 cm transponder 
ON) 

Mode D Select (recharge mode; both tran- 
sponders OFF) 

Ten-meter Antenna Deployment 
Ten-meter Antenna Reset 

telemetry system 
OSCAR D contains a six-channel Morse code tele- 

metry system similar to the units flown in OSCARs 6 
and 7. Telemetry is sent at 20 words per minute as 
three-digit numbers; A1 emission is used in keying 
the Mode A or Mode J telemetry beacons, depend- 
ing upon which transponder is in use. The six tele- antenna system 
metry parameters are: 

Both the Mode A and Mode J transponders use 
the same receiving antenna, a canted turnstile com- Channel 1. Total Solar Array Current - 
prised of four 48 cm (19-inch) lengths of 12.5 mm IT= 7.15 (101-N) ma. 
(112-inch) carpenter's rule fed by a hybrid and mat- 
ching network so as to develop circular polarization. 

Channel 2. Battery Charge-Discharge Current - 
IBol = 57 (N-50) ma. 

'Sens~r~v~ty may decrease by a factor of ten 110 d8I under dnfferent condl Channel 3. Battery Voltage - 
tlons of bartery voltageand satellite operatang temperature. so thal as much 
as 80 warts may be requtred at certaln umes V B  = 0.1 N + 8.25 V O ~  
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Channel 4. Baseplate Temperature - 

= 95.8-  1.48 N (OC) 

Channel 5. Battery Temperature - 
Tsal=95.8- 1.48 N(OC) 

Channel 6. RF Power Output, Mode J - 

PJT= 23N milliwatts 

Note that, unlike OSCAR 6 and 7 telemetry, OSCAR D 
has only one parameter per line (OSCARs 6 and 7 had 
4). As a result, a complete tel'emetry frame is sent in 
approximately 20 seconds. 

power supply 
The spacecraft contains solar panels on its four 

sides (along the + X, - X ,  + Y, and - Y axes), and 
on the top (the + Z axis). No panels are contained on 
the bottom ( - Z  axis) since this is where the 
spacecraft is attached to the launch vehicle. The 
solar cells, combined with a 12-cell, six-ampere-hour 
rechargeable nickel-cadmium battery should be ade- 
quate to power the spacecraft with a positive power 
budget in Mode A for several years, even considering 
solar cell degradation in the radiation environment. 
The power drain in Mode J, however, is somewhat 
larger, so the Mode J transponder probably cannot 
be operated continuously. 

A battery charge regulator is also contained which 

4 A- DOWNLINK PASSBAND ___f 

converts from the 28-30 volt solar array voltage to 
the 14-16 volts required by the battery. I t  also tapers 
the charge rate so the battery trickle-charges as the 
battery approaches full charge (as indicated by the 
battery voltage). 

stabilization system 
Four permanent magnets located inside the 

spacecraft and aligned along the Z axis provide 
stabilization, as in OSCARs 6 and 7. The polarity of 
the magnets is such that the top ( + Z axis) of the 
spacecraft always points toward the magnetic north 
pole of the earth. Hysteresis permalloy damping rods 
mounted behind the + X, - X, + Y, and - Y solar 
panels are designed to  reduce the spin of the 
spacecraft about the Z axis; they function in a man- 
ner similar to a shorted transformer turn as it cuts the 
lines of flux of the earth's magnetic field. The per- 
malloy rods are left over from OSCAR 7, which suc- 
cessfully used the same type of stabilization system. 

launch interface and orbit 
The OSCAR D spacecraft is being launched from 

the NASA Western Test Range as a secondary 
payload with the NASA Landsat-C earth resources 
technology satellite and the NASA PIX (Plasma In- 
teraction Experiment). The spacecraft will be ejected 
from the second stage of the two-stage Thor-Delta 
2910 launch vehicle 5120.6 seconds after lift-off, at 
an approximate position of 78 degrees N. latitude 
and 15 degrees W.  longitude. Programmed orbital 
parameters are: 

Apogee 928 km (577 statute miles) 
Perigee 884 km (549 statute miles) 

I I Period 103 minutes 
Inclination 99.0 degrees 
Time of Descending Node 9:30 A M  

I--- 1 0 0 %  -4 (launch window from 1754-1824 UTC) 

1 .  Guard bands to avoid interference to beacons. These frequen- 
cies are available for emergency and bulletin stations. 
2. RTTY and slow-scan television are placed at the edge of the CW 
and ssb passbands. This conforms to their high-frequency use 
where RTTY is present within the Cw space, and SSTV is transmit- 
ted in the ssb sub-band. 
3. Mixed-mode area is recommended for crystal-controlled sta- 
tions, DXpedition stations, or anyone wishing to work both CW 

and ssb stations. 

fig. 1. Basic satellite band plan proposed by G3ZCZ and 
adopted by the AMSAT Board of Directors in October. 1977. 
This band plan allocates a percentage of the available radio 

The orbit is planned to be sun-synchronous with 
passes repeating at the same time each day on a one- 
day cycle (as opposed to the two-day cycle of 
OSCARs 6 and 7). 

spacecraft initialization 
AMSAT-OSCAR D will automatically be powered 

up upon ejection from the Thor-Delta launch vehicle 
over northern Greenland at which time it will assume 
the next available number in the OSCAR series. It is 
desianed to initialize itself in Mode J (two-meter-to- " 

frequency spectrum as seen on the downlink to different 70-cm transponder ON). ~h~ two-to-ten meter 
modes of communication. The relative amount of spectrum 
for each mode is thus the same for any transponder in any (Mode A) transponder will be initialized OFF and 

satellite. Band plan frequencies for AMSAT OSCARS 7 and 8 should be kept off until the spacecraft is nearly corn- 
are shown in fig. 2. pletely stabilized, which may require as much as a 
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- DOWNLINK PASSBANO - 

MODE A 1 2 9 4  1 2 9 4 3 5  1 2 9 4 6 5  1 2 9  5 MHz 

I I I I 
MODE 8 1 145 925 1 145 9 4  I 145 96 1 145 975 MHz 

MODE J 1 4351  I 4 3 5  I35 1 4 3 5  165 1 435  2 MHz 

I I I I 

fig. 2. Satellite band plan for AMSAT OSCAR 7 and 8. As 
shown in fig. I ,  this plan is based on percentages of the 
downlink passband, and applies to both inverting and non- 
inverting transponders. In Modes A and J the guard chan- 
nels are 5 kHz wide; the guard channels in Mode B are 2.5 
kHz wide. 

week. Because of the non-rigidity of the deployable 
ten-meter dipole antenna, this antenna must not be 
deployed until the spacecraft spin rate is less than 1 
rpm; otherwise, the antenna may be severely dam- 
aged or may not deploy properly. OSCAR D's ten- 
meter antenna is comprised of tubular extendable 
members which are slowly unreeled from the space- 
craft by small motors. The deployment process takes 
approximately 15 seconds and is non-reversible (i,e., 
the antenna elements cannot be retracted once they 
are deployed). During the time when the antenna is 
being deployed, the telemetry beacon switches from 
its normal Morse code format to a series of keying 
pulses, the rate of which is a function of the tip-to-tip 
length of the ten-meter dipole; the rate-of-change of 
the telemetry pulses will be carefully tape-recorded 
during deployment of the antenna to permit analysis 
later to verify success. 

telecommand verification 
OSCAR D's telecommand and telemetry systems 

have been designed to provide two means to verify 
whether the spacecraft is accepting commands. 
First, when the telecommand system has been en- 
abled and is ready to accept a command, the Morse 
code telemetry will be interrupted and an unmodulat- 
ed carrier will be heard on the beacon frequency. The 
beacon will revert back to Morse code telemetry 
when the telecommand system is no longer enabled. 

The second method of telecommand verification is 
to use the "Ten-meter Antenna Deployment" com- 
mand. This will cause a series of keying pulses to be 
heard on the telemetry beacon in place of the Morse 

fect operations decisions is channel 3 (battery volt- 
age). In Mode A the spacecraft should maintain a 
positive power budget so there should not be a net 
discharge of the battery over an orbit average. Mode 
J operation, however, requires somewhat more 
power, which may result in a net discharge of the 
battery, especially under conditions of high trans- 
ponder loading; therefore it will be necessary for tele- 
metry and telecommand stations to keep a close 
watch on the battery voltage so that action can be 
taken as necessary to command the spacecraft into 
Mode D (the recharge mode) before the battery dis- 
charges too far. Three cutoff levels are specified 
below: 

Red Level A (1.2 volts/cell) Channel 3 = 61 counts 
Red Level B (1.1 volts/cell) Channel 3 = 50 counts 
Red Level C (1 .O volts/cell) Channel 3 = 38 counts 

Red Level A should be used during the first year or so 
of the spacecraft's life as the cutoff point below 
which telecommand stations should command the 
satellite into Mode D for recharging. Later in the 
spacecraft's life, as the battery discharge characteris- 
tic curve changes, Red Level B should be used; Red 
Level C should be used if there is evidence of battery 
deterioration or if it is desired to recondition the 
battery. 

Channel 1 (solar array current) provides an indica- 
tion of whether the spacecraft is in the sun or eclipse 
(it should read in the nineties in counts when in 
eclipse). Fluctuation in channel 1 telemetry is the 
best indicator of the rate of spin of the spacecraft, 
along with observations of fading, particularly of the 
435-MHz Mode J downlink signal from the quarter- 
wave 435-MHz monopole antenna. 

Channel 2 (battery charge-discharge current) gives 
information on whether the battery is charging or dis- 
charging. A reading larger than 50 counts indicates 
that the battery is charging, while a reading of less 
than 50 counts means the battery is discharging. 
There is a two-second integration time associated 
with the current telemetered on this channel. The 
total power drain of the spacecraft can be deter- 
mined by observing channel 2 while the spacecraft is 
in darkness (as indicated by channel 1, which should 
read in the 90s in darkness). 

code telemetry if the command has been accepted. Channels 4 and 5 (baseplate temperature and bat- 
The "Ten-meter Antenna Reset" command should tery temperature) should generally track within a few 
be sent soon afterward to restore the beacon to the degrees (except perhaps in the first day or so after 
Morse code telemetry mode. launch when the spacecraft has not yet stabilized at 

telemetry interpretation 
thermal equilibrium). Experience from OSCARs 6 and 
7 indicate that the batterv can overcharge and over- 

The most important telemetry channel that will af- heat during periods of thk year when the spacecraft 
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sees the most sunlight. If this is the case, channel 5 
may exceed channel 4 in temperature by 10 degrees 
celsius or more, and action should be taken to reduce 
this overheating. This can be accomplished by keep- 
ing the spacecraft in Mode J to consume any extra 
charge current from the battery. 

Channel 6 is a measure of the Mode J transponder 
435-MHz rf power output. Associated with the tele- 
metered readings is an integration time of 2.5 
seconds, so that it is average power rather than peak 
power that is telemetered. There is no telemetry of 
the Mode A transponder. The Mode A transponder 
power consumption (largely determined by power 
amplifier current) can be measured by observing 
channel 2 telemetry as noted above. 

operating schedule 
Since the prime mission of the AMSAT-OSCAR D 

spacecraft is to use the Mode A transponder for the 
ARRL OSCAR educational program in schools, the 
spacecraft may be left in Mode A during weekdays 
(Monday through Fridays, United States time), and 
put in Mode J on weekends. Note that all communi- 
cations should conform to the G3ZCZ band plan 
shown in figs. 1 and 2. Additionally, if not an exces- 
sive burden on the telecommand stations, evening 
orbits in the Western Hemisphere (morning orbits in 
the Eastern Hemisphere) can be switched to Mode J, 
battery permitting. In any case, all operation in Mode 
J will require careful monitoring of the battery charge 
level (as indicated from channel 3 telemetry). The 
power budget may not support the Mode J trans- 
ponder for continuous fulltime operation in this mode 
over an entire weekend. In any event, details of the 

uted to the construction of the spacecraft, but a few 
calls can be listed. 

JAMSAT -Mode  J Transponder :  J A I A N G ,  
JAICBL, JGICDM, JAIVDV, JAIJHF, 
JRISWB 

AMSAT - Mode A Transponder: WA4DGU, 
W3PK 

Morse Code Telemetry System: WSCAY, WA4DGU 

Telecommand System: W3GEY, WA3LND, 
WA3ZCE, W3HUC, W31T0, 
K1 RTIWA1 JZC 

Antenna and Antenna Deployment Module: 
W3GEY, W3HUC, W31T0, K IRT,  
WA3LN D 

Power System: DJ4ZC, JAITUR, JF1 DMQ, K1 RT, 
W3HQ 

Structure and Module Containers: K6GSJ and Pro- 
ject OSCAR, KIJX/WAIJLD,  KIRT, 
W A 4 D G U ,  V E 3 D P B ,  W 3 H S 0 ,  
WBBGIM,  Henry  Smi th ,  Dav id  
Vanderbeke, W3ZKI 

Cables and Wiring: Marie Marr, W3TMZ 

Engineering Drafting: WB4GlB 

To others who contributed or assisted, our thanks 
and the thanks of thousands of radio amateurs, 
school children, and educators. Let's use the satellite 
wisely so that it will further help the educational pro- 
gram until the Phase Ill satellites are flying high. 

ham radio 

operational modes of the spacecraft will be an- 
nounced by AMSAT in the Newsletter, with late up- 
dates on the AMSAT Nets. 

OSCAR D will operate in a 900 km (560 statute mile) 
orbit, i e . ,  at just over half the altitude of the orbit of 
OSCAR 7. Thus, communication ranges will be differ- 
ent. The usable time on an overhead pass will be 
about 18 minutes instead of the 22 minutes provided 
by OSCAR 7, and the horizon range will be 3220 km 
(2000 miles) instead of the 3940 km (2450 miles) of 
OSCAR 7. This means that transatlantic communica- 
tions will still be possible, but not as often as with 
OSCAR 7. 

Keeping track of this satellite is going to be much 
simpler than for OSCAR 7. It will come into range at 
approximately the same time each day; the overhead 
descending node pass is planned for 9:30 A M  
local time. 

credits 
It is impossible to single out all those who contrib- "Alfred was never any good in a crisis!" 
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very low-noise - 
GaAs FET Preamp 

for 432 MHz 

Construction details 
for a uhf GaAs fet preamp 

that will provide 
a 0.7 dB noise figure 

with 18 dB gain 
at 432 MHz 

Every amateur who is active on the uhf bands is 
looking for ways to improve his system performance. 
One of these ways is to use a receiver preamplifier 
with lower noise figure and higher gain; some excel- 
lent preamplifier circuits have been published in ham 
radio. The low-noise uhf preamplifier described by 
W1JR in the March, 1975, issue is perhaps the best 
known of these circuits,' and is widely used by EME 
operators and others who are interested in long 
distance, weak-signal uhf communications. 

This article describes a low-noise, state-of-the-art 
preamplifier for 432 MHz which uses an NEC 
NE24406 (2SK85l GaAs fet. This preamp is capable 
of a 50°K (0.7 dB) noise figure at 423 MHz, so it can 
improve the performance of your uhf receiving sys- 
tem by about 100°K, as compared with a conven- 
tional bipolar transistor. 

By Shigeru Sando, JH1 BRY, 8-17-204 
Sakonyama Asahi-ku, Yokohama 241, Japan. 
Mr. Sando is a microwave semiconductor 
development engineer at the Semiconductor 
Division of the Nippon Electric Company. 



field-effect transistors 
The history of the fet is older than most people 

realize. In fact, it's one of the oldest three-terminal 
solid-state devices. Dr. Shockley first proposed the 
fet in 1952, but because of a variety of technological 
and fabrication difficulties, fets did not become prac- 
tical until the early 1960s. 

Basically, there are three different types of fets. 
The junction fet or jfet is the simplest of the three 
types and became commercially available about the 

.same time as the first bipolar microwave transistors. 

fig. 1. Smith chart plot of the NE24406 impedance character- 
istics at 432 MHz. r,,,, is the optimum source impedance 
for noise figure at 423 MHz. 

Advances in fabrication techniques and requirements 
for lower power fostered the development of the 
metal-oxide-semiconductor fet or mosfet. Both the 
jfet and mosfet are widely used in applications which 
require high input impedances, such as in the input 
stages of test instruments. The same fabrication 
processes developed for mosfets are also useful in 
the manufacture of integrated circuits. 

In the microwave region the bipolar transistor has 
reigned supreme for a number of years - it wasn't 
threatened by either the jfet or the mosfet. However, 
a third type of fet has changed that. This new fet, 
which uses a Schottky barrier at the gate electrode, 
is called the metal-semiconductor fet or mesfet. 
Mesfets use Gallium Arsenide (GaAsl as the semi- 
conductor material and are usually referred to as 
GaAs fets (pronounced gas fets). 

Gallium arsenide has high electron mobility (5 to 7 
times as high as silicon), and offers significant advan- 

fig. 2. Recommended GaAs fet bias circuit uses a series re- 
sistor in the gate circuit to protect the device from tran- 
sients. 

tages over silicon at microwave frequencies. The in- 
trinsic characteristics of GaAs result in shorter transit 
times and lower resistance, thereby providing higher 
gain, lower noise figures, and extremely high cut-off 
frequencies - all important characteristics for micro- 
wave transistors. 

Gallium arsenide has been under development for 
several years, and practical microwave GaAs fets are 
now available off the shelf. Recently I had an oppor- 
tunity to experiment with the NEC NE24406 (2SK85) 
GaAs fet. Although there have been many published 
reports which describe the performance of the 
NE24406 in amplifiers up to X band (about 12 GHz), 
there have been no published data on their use below 
500 MHz. This article describes the first experimental 
results of the NE24406 GaAs fet on the amateur 70 
cm band. 

noise figure 
Obviously a transistor with a low noise figure is re- 

quired in a low noise preamplifier, but that's not the 

Leyout of the low-noise --MHz preamplifier. The input is 
to the left, output to the right. The GaAs fet is installed in 
the center shield partition. Capacitors C1 end C3 ere sup- 
ported by their own leads: C2 (left compartment) and C4 
(right compartment) are mounted in the side walls of the 
chassis. 



only requirement. Also to be considered are the ef- 
fects of the next stage's noise figure and the re- 
quirements for a low-loss matching circuit, low feed- 
back, and good stability. 

The overall noise figure of a receiving system is 
given by the following formula 

Where 

NFT= Total overall noise factor 

NF, = Noise factor of the first stage 

NF2 = Noise factor of the second 
stage 

G I  = Available power gain of the 
first stage 

Note that the noise factors and power gains must be 
in ratios, not in dB. For example, consider that you 
have a preamplifier with a 1.0 dB noise figure 
(NFl = 1.259) and 10 dB power gain ( G I  = 10); the 
noise f i g u r e  of t h e  second  s tage is  5 dB  
(NF2 = 3.162) .  The calculated overall noise factor 
NFTis 1.475 (ora noise figure of 1.688 dB). 

Note that the system noise figure has increased 
about 17 per cent as compared to the preamplifier's 
noise figure. For best results, it's recommended that 
you use a lower noise second stage with a higher 
gain preamp. 

One question that often arises is, "Can the noise 
figure of the preamplifier be as low as the noise figure 
of the transistor itself?" No, it cannot, even on the 

C 1  3 p F  p i s t o n  t r i m m e r  ( J o h a n s o n  7 2 7 4  o r  7 2 8 4 )  

C2 ,  C 3  1 0  p F  p i s t o n  t r i m m e r  ( J o h a n s o n  5 2 0 2 )  

C 4  1 5  p F  piston t r i m m e r  ( J o h a n s o n  5 4 0 2 )  

L l ,  L2 1 t u r n  n o .  20 (0 .8mm1,  1 / 4 " ( 6 m m )  ID ( s e e  fig. 5) 

J 1 ,  J2 SMA t y p e  c o a x i a l  c o n n e c t o r s  

0 1  N E C  N E 2 4 4 0 6  G a A s  fet 

fig. 4. Schematic diagram of the low-noise preamp for 432 
MHz which provides a 0.7 dB noise figure and 18 dB gain. 
Lowest noise figure occurs at drain current flow of 10 mA 
(see fig. 7) .  

NPN TRANSISTOR FEEDBACK ZENER DIODE SELF BIAS 
FEEDBACK FEEDBACK 

OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER BIAS CIRCUIT 
BIAS CIRCUIT FOR THE CONDITIONS VDs=3.0V IDS=lOrnA 

fig. 3. Several circuits that may be used to provide bias in fet 
circuits. Note that all circuits must be bypassed at rf. 

assumption that there are no matching or circuit 
losses. One way to describe the optimum noise 
figure of a transistor is noise measure which is ex- 
pressed as 

NF- 1 M + I =  ---- I 1 -  - 
G 

where 

NF= Noise figure of the transistor 

C = Associated gain of the transistor 

The value of M + 1 shows the ideal total system noise 
figure, and indicates the same result where an infinite 
number of transistors with the same characteristics 
are used in cascade. 

Assume you have a transistor which has a 
specified noise figure of 1.2 dB (NF=1.?18)  and 14 
dB gain ( G  = 25.12). From eq. 2 
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CHASSIS 

SHIELD L I , L 2  

fig. 5. Layout of the low-noise GaAs fet preamp for 432 MHz. 
The enclosure is made from brass sheet, 0.028"-0.048'' 
(0.7- 1.2mm) thick. 

This shows the minimum value of amplifier noise 
available from a transistor with a 1.2 dB noise figure 
and 14 dB gain (assuming no matching or connector 
losses). 

circuit description 

The GaAs fet has several disadvantages which 
make it somewhat more difficult to  use than the 
bipolar transistor. For one thing, as shown in the 
Smith chart plot of fig. 1, the impedances are very 
high. This also indicates that the GaAs fet is a high Q 
device and not easy to match to low impedances 
such as 50 ohms. Also to be considered is the bias 
circuit. Once an operating point has been established 
for the GaAs fet, a bias circuit must be chosen which 
will provide stable operation over the required 
temperature and frequency range. 

The importance of affording adequate protection 
against transients and change in ZDss cannot be over 
emphasized. As every designer who uses GaAs fets 
will eventually discover, transients are the leading 
"fet killer." The most likely burn-out mode is a short 
from gate to drain or from gate to source which is 
caused by high field or high current transients. The 
highest field in common-source operation is between 
the drain and gate, and should never exceed 10 volts. 

The best way of applying bias is t o  use a battery 
through a series resistor to the gate, as shown in fig. 
2. Although t w o  power supplies are normally 
required, a source resistor may be used to  develop 
the necessary reverse bias, but it may reduce both 
gain and noise figure. Several bias circuits are shown 
in fig. 3.2 I t  should be mentioned that all bias circuits 
must be bypassed to rf; a series gate resistor from 
1000 ohms to 10k will protect the gate from high- 
frequency transients. 

For best performance a low-loss input matching 
circuit is very important; low-loss components 
should be used in the simplest possible low Qcircuit. 
As can be seen in the Smith chart plot of the 
NE24406's S-parameters, JSI,I and ISlz( are very 
large; the optimum source impedance for noise 
figure, rFOPT, is also very high. Fortunately, the 
optimum source impedances for gain and noise 
figure are not greatly different. Therefore, the input 
matching circuit can consist of a series capacitance 
or inductance. Since the series reactance must be 
carefully selected, the capacitor has the advantage of 
being easily tuned. 

Theoretically the preamplifier will work fine with 
only a series capacitance in the input circuit, but the 
NE24406 can provide 12 dB gain in the 4-GHz band, 
so there's a possibility of oscillation outside the 
430-MHz band. The parallel resonant circuit, L1-C2, 
in fig. 4 suppresses these oscillations. L1 is also used 
to supply bias to the gate of the GaAs fet. The reso- 
nant impedance of L1-C2 is very high, and input 
matching is actually provided only by C1. 

As was shown in eq. 2, the noise figure of a tran- 
sistor amplifier depends greatly on the available gain 
of the device being used. Since a gain increment of 
4.0 to 4.5 dB (ISz2) 30.8) can be anticipated at 432 
MHz for the NE24406 when the output is matched, 

R 3 

I T 
%v.---u+/2 Y 

I ) "  
ZOO 

a", 

fig. 6. Recommended drain voltage supply circuit for the 
NE24406 GaAs fet preamplifier. 
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Although no particular care is required when 
mounting the GaAs fet, the source leads should be 
separated and soldered directly to the holes in the 
shield plate. Also, when soldering the drain and gate 
leads to the input and output coils, take care not to 
pull on them too strongly. 

Any type of coaxial connector may be used at the 
input and output, but for best noise performance it's 
important that the connector have good uhf charac- 
teristics. The losses of BNC connectors will degrade 
the noise figure. I used type SMA connectors. Type 
N or TNC connectors could also be used, but SMA 
types are much smaller and therefore more suitable 

DRAIN CURRENT(mA/ 

fig. 7 .  Preamp noise figure and power gain as a function of 
drain current. Note that lowest noise figure occurs a t  
I o = l O m A .  

improper output matching will degrade noise figure. 
Since the output impedance of the GaAs fet is 
extremely high, I installed a simple parallel resonant 
circuit at the output (L2, C2, C3), and matched to the 
50-ohm output with the capacitive portion of the net- 
work. Both the input and output circuits have rela- 
tively high Q, so stable operatin is obtained over a 
narrow bandwidth. 

construction 
Basic construction of the low-noise 432-MHz 

preamplifier is shown in fig. 5. The enclosure is made 
from no. 18 to no. 22 (0.028-0.048 inch or 0.7-1.2mm 
thick) brass sheet. Do not omit the center shield - 
it's absolutely necessary to obtain stable operation. 

fig. 9. Return loss (vswrl of the GaAs fet preamp. 

for a miniature low-noise preamplifier such as 
this one. 

operation and test 
After construction is completed, inspect each part 

to make sure you haven't made any wiring errors. 
The components in the bias circuit should be 
checked and double checked. When you are satisfied 
that the circuit is correctly built, the bias and drain 
supply voltages should be applied to the GaAs fet in 
the following manner: 

1. Voltage is initially applied to the gate circuit 
with a 3-volt battery (see fig. 4). This reverse 
biases the gate and prevents current flow in the 
drain circuit, which may reach the magnitude of 
IDss  There is no problem in allowing current flow 
up to IDss, but the intention here is to suppress 
any transient phenomenon due to this current 
(there are examples where IDss reaches 100 mA). 

2. Next apply the drain voltage, but make sure 
that the voltage between drain and source, VDs, 

fig. 8. Passband response of the low-noise432-MHz preamp: 
gain is 3 dB down at approximately 414 and 456 MHz. 
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does not exceed 3 volts. When the drain voltage 
approaches 2.7 volts, the drain current should be 
set to 10 mA by adjusting the 10k pot in the bias 
circuit. 

With the completion of these two steps, amplifier 
bias is established. A recommended drain bias circuit 
is shown in fig. 6.  

Note that when a reverse bias is applied to the gate 
and drain, and current flows with only a slight appli- 
cation of drain voltage, either the gate circuit is open 
or a breakdown has occurred in the GaAs fet. 

After completing the bias adjustments, adjust the 
input tuned circuit to resonance with a grid dipper. 
Apply a weak signal in the 430-MHz band and tune 
C1, C3, and C4 for maximum gain. When the preamp 
is adjusted for maximum gain, the noise figure will 
deteriorate slightly, but not seriously. 

performance 
The performance of the GaAs fet preamplifier is 

shown in the graphs of figs. 7, 8, and 9. The plot of 
noise figure vs drain current (fig. 7) shows that 
lowest noise figure occurs at ID= I0 m A .  The band- 
pass characteristic of the preamp is shown in fig. 8; 
when the preamplifier is peaked up to 432 MHz, gain 
is 3 dB down at approximately 414 and 456 MHz. In 
most applications no external bandpass filter should 
be required. Fig. 9 shows the vswr at the input and 
output of the preamplifier. The third-order IMD pro- 
ducts are shown in fig. 10; 1 dB compression occurs 
at about 0 dBm - the third-order intercept point is at 
a very respectable + 20 dBm (100 mW). 

When this preamplifier is adjusted for maximum 

-120 -100 - 8 0  - 6 0  - 4 0  - 2 0  0 +2O + 4 0  

INPUT P O W E R / M  

fig. 10. Input-output characteristics of the GaAs fet preamp. 
Third-order intercept point is at +20 dBm I100 mWI: 1 dB 
compression is at approximately 0 dBm I1 mW). 

AIL 0 7 6 1 5  AIL T ~ P E  7 5  

DEV/CE 
AVANTEC 

UNDER r E s r  
ADSOPN 

SIGNAL I 
UFK 7- 3 0  

GENERA TOR 
L-- POWER W P 8 6 2 0  

l i p 4 3 2 4  

b b  

fig. 11. Block diagram of the noise-figure measurement set- 
up used by JHlBRY when evaluating preamplifier per- 
formance. 

gain, the measured noise figure is about 0.75 dB. If 
an automatic noise figure meter is available, the input 
and output circuits can be adjusted for best noise 
figure - my measurements indicate that a noise 
figure improvement of about 0.1 dB is possible. 

When making noise-figure measurements, I use an 
AIL noise-figure meter with a solid-state noise source 
(fig. 11 1. Gaseous-discharge noise sources are also 
available for this frequency range, but they should 
never be used with fragile GaAs fet circuits which are 
susceptible to damage from surge transients. 

summary 
This GaAs fet preamplifier should bring you right 

up to the state-of-the-art in noise figure at 432 MHz. 
The NE24406 GaAs fets are available in the United 
States from California Eastern Laboratories* or one 
of their sales representatives, 

I would like to express my deep appreciation to Aki 
Munezuka, JAlVDV, for providing me with detail 
information on 432-MHz EME and kindling the fire of 
uhf ssb, and to Carl Peterson, KGVJN, who gave me 
an opportunity to publish this article. I also wish to 
thank the Nippon Electric Company for the use of 
test equipment and devices necessary to design this 
preamplifier. Special thanks go to Haruo Yoneda, 
JAIANG, for all his helpful suggestions. 

'Calllornla Eastern Laboratorles, Inc . One Edwards Court, Post Offlce Box 
915. Burl~ngame. Callfornla 94010. telephone 1415) 342 7744 The NE24406 
IS pr~ced at $190 00 In small quanrlrles After t h~s  artlcle was wrttten. NEC 
announced the baslc GaAs fet In a smaller package at a lower prlce, t h~s  
dev~ce IS designated the NE24483 and IS prlced at $120 00 
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March, 1975. page 8. 
2. Jerry Arden, "The Design. Performance, and Application of the NEC 
V244 and V388 GaAs FET," California Eastern Labs. Burlingame. Cal~fornia, 
June. 1976. 
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simple paddle 
for electronic 

keyers 

Construction details 
for the 

Ambidextrous Paddle 
for Electronic Keyers 

Or APEK 

The need may arise for the serious CW operator to 
take a battery operated electronic keyer on a mobile 
trip or to environments where a heavy fixed station 
dual-lever paddle simply has to stay home. I have im- 
provised several keying devices in the past which 
provide comfortable keying of the mobile or portable 

rig under the varied conditions typical of such excur- 
sions. These devices were, however, all of the single 
lever variety that either had to be wedged, clamped, 
or clipped on to something, and moreover, had an 
extra lead going to the keyer - a nuisance at the 
best of times. 

The keying paddle described here is essentially a 
dual-lever device which has proved to be so versatile 
that most of the problems typical of portable or 
mobile operation could be surmounted. As a matter 
of fact since inventing this Ambidextrous Paddle for 
Electronic Keyers, which I call APEK, the heavy dual- 
lever paddle at the fixed station has hardly been used 
at all. 

The APEK is basically a three-contact jack plug 
with a few bits and pieces added, the total cost of 
which is hardly worth mentioning. Should a particu- 
lar keyer, however, not be fitted with a jack type pad- 
dle socket, such a socket will have to be mounted on 
the front panel in a convenient position and connect- 
ed in parallel with the existing socket. Since the 
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APEK plugs directly into the keyer, it can be rotated 
to have the dot lever at the right or left - a real ambi- 
dexter! As a matter of fact, i t  can be rotated into any 
convenient angle depending on the orientation of the 
keyer, which, during mobile or portable work can be 
just about anything imaginable. 

CUT OFF GROUND LUG 

FLAT WASHER - SPRlNG BR45S 

/-- POSITION O F  HOLE ( S E E  T E X T )  

- P A D D L E  H A N D L E  

ELECTR,C TAPE 

fig. 1. Construction of the Ambidextrous Paddle for Elec- 
tronic Keyers or APEK. The paddle is built completely from 
junk-box parts, as described in the text. 

The keyer shown in the photograph was built into 
a box which fits snugly into the car's door box. The 
APEK sticks out vertically so you can reach it without 
effort. Another attractive feature is the fact that the 
APEK is compatible with dual-lever keying devices. 
Squeeze keying features, if provided, don't have to 
be sacrificed when using the APEK, a feature impos- 
sible to achieve with single-lever keying devices. 

construction 
Obtain a standard three-connector jack plug and 

remove the shell. Cut off the ground connection 
close to the jack body. Drill and countersink two op- 
posing holes in the plug shell about 8 mm (516 inch) 
from the unthreaded end. The holes should be suited 
to take tw02.3 mm by 4 mm (3156 x 5132 inch) coun- 
tersink machine screws. 

Take two small solder lugs and connect about 
60 mm (2-114 inch) of thin flexible hook-up wire to 
each. Fit one of these lugs to each screw on the in- 
side of the shell and secure with a nut. Find a suitable 
flat washer which will fit over the threaded part of the 
jack body and having an outside diameter slightly 
larger than that of the shell. 

Prepare two strips of spring brass approximately 
0.5 mm (1 164 inch) thick, 5 mm (3116 inch) wide and 
40 mm (1-112 inches) long. De-burr the edges and 
bend them into the shape shown in fig. 1. Solder 
these strips to the rim of the flat washer in opposing 

positions. This step can be simplified by temporarily 
assembling the plug. Mark off, on the underside of 
each strip, the positions of the screw heads fitted to 
the shell. 

Disassemble the plug, clean and tin the positions 
marked off on the strips. Form a small blob of solder 
at these points and file them lightly to give a flat con- 
tact surface. Solder the two pieces of hookup wire, 
already connected to the screws on the shell, to the 
inner and outer lugs of the jack. Leave these wires 
long enough to survive the twist they will get when 
putting the jack together. 

Shape two pieces of old PC board according to 
taste or as shown in fig. 1 to form the paddle 
handles. Fix them to the brass strips with a small 
amount of epoxy. Finally, one or two wraps of elec- 
tric tape cut to the correct width should be wound 
onto the jack shell. This will provide the necessary 
damping of the otherwise too springy brass strips. 

final adjustment 
Contact spacing and spring tension can be adjust- 

ed by means of long nosed pliers. If you find that the 
spring tension is too high, a small hole drilled through 
the spring at the  position indicated should do the 
trick. Then determine by experiment which side of 
the APEK activates dots or dashes and mark it for 
your convenience. 

ham radio 
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spectrum analyzer 
tracking generator 

What is a tracking generator? When used with a 
spectrum analyzer it generates a CW signal corres- 
ponding to the frequency at which the spectrum an- 
alyzer is tuned. It's useful for looking at filter re- 
sponse. Filter blowby and undesired responses can 
be readily observed. 

The generator described here was built for use 
with the spectrum analyzer described in reference 1. 
A tracking generator identical to this one is now be- 
ing used with a Hewlett-Packard 85541141. The 
tracking generator can be used with almost any 
spectrum analyzer that provides first-local oscillator 
output and has a first i-f of 200 + 20 MHz. 

Because of the tracking generator's oscillator in- 
stability, narrow-bandwidth measurements can't be 
made, such as the bandpass response of crystal fil- 
ters. Nevertheless, it's useful for measuring re- 
sponses at other frequencies (parasitic resonances) 
often found in crystal filters. 

circuit description 
The schematic is shown in fig. 2. Q1 and Q2 pro- 

vide some gain and isolation between the 200-MHz 
oscillator, 03, and the first i-f amplifier of the spec- 
trum analyzer. R1 provides fine tuning and should be 
located for easy access by the operator. MX1 mixes 
the 200-MHz output with the signal from the first 
local oscillator to provide the 100-kHz to 100-MHz 
tracking signal. An optional 130-MHz lowpass filter 
is shown. The lowpass filter attenuates the 400-500 
MHz component generated by the mixer in the track- 
ing generator. 

The tracking generator is built in a box made from 
1116-inch thick (1.5mm) copper-clad board. The 
same board is used as separators between stages. 
Paper-thin copper, available from hobby shops, is 
wrapped over the surface where the cover for the 
200-MHz oscillator attaches. The other stages do not 
have shield covers. A blank compartment is available 
for the optional 130-MHz lowpass filter. Fig. 1 shows 
the layout. 

The oscillator is built on a separate piece of 
copper-clad board, 718 x 1-112 inch (22x38mm) and 

8NC OUTPUT 

l Q X  OlYENSlONS 

ARE I* Y l L L l M E I E R S  

A N D  I INCHES I 

fig. 1. Circuit-board layout. Shielding is important for the 
200-MHz oscillator comvartment lsee textl. 
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is held in place with double sticky-back tape. Two 
ferrite beads are strung on the ground wire that con- 
nects the oscillator ground to the compartment 
ground to minimize ground-loop currents, which 
can cause radiation from the oscillator. The mixer 
can be a standard mixer or the home-made mixer 
described in reference 1. 

Dimensions shown inside are inside dimensions. 
The assembly is 1 inch (25.5mm) high. The 1 i 4  inch 
(6.5mm) overhang at each end is for mounting. 

3. Adjust C1 so that the baseline on the spectrum 
analyzer shifts up. 

4. Move L2 away from L1 until the baseline starts 
to move down. 

5. Install the shield on the 200-MHz oscillator and 
adjust R1 so that the baseline is as high as possi- 
ble, consistent with a flat response. As the track- 
ing generator is being used, the 200-MHz oscillator 
will drift, and some readjustment of R1 will be re- 
auired. 

operation 
The spectrum analyzer vfo output is connected to design considerations 

the tracking generator input of the spectrum an- One of the more challenging problems here is pre- 
alyzer. venting the 200-MHz oscillator from radiating into 

the first i-f. If this happens, the baseline on the 
1. Set spectrum-analyzer bandwidth to 250 or 

spectrum analyzer will shift up without a signal input. 
300 kHz and scan width to 100 MHz. The signal from the oscillator will leak through MX1 - 
2. Set R1 to the center of its range. backward through buffers in the tracking genera- 

I I I 
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I SRA - I 130  m~~ I 
M X - I  LOWPASS I I 
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I 
,+SHIELD L3-  L 6  4 TURNS NO 18 f l  mml 
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I 
I 

I TAP AT 1/2 TURN 
I R I  I 
I look SOL 

r s o v  I 7 T v m s  NC P P  ON 
I 5 mm 13/16"1 FORM 

I T 
I I SHIELD 

0 - 100 
MHz 
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fig. 2. Schematic of the spectrum-analy- 
zer tracking generator using Motorola 
devices. 
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fig. 3. Suggestion for a tracking generator for measuring narrowband signals. Oscillators within the spectrum analyzer are used. 
A highly stable signal is provided. 

tor, backward through any buffer in the vco and will 
follow the path of the vco to the first mixer in the 
spectrum analyzer and leak through the first mixer 
into the first i-f. This is not surprising, since the out- 
put from the oscillator is about 0.5 volt and the 
spectrum analyzer sensitivity is only a few micro- 
volts. Also, the 200-MHz oscillator can radiate direct- 
ly into the spectrum analyzer if both are not care- 
fully shielded. 

The tracking generator described here was mount- 
ed on the outside back of the spectrum analyzer to 
minimize coupling. If your spectrum analyzer has a 

phase-locked vco, or if the vco is stabilized in some 
other way, you might consider a different form of 
tracking generator for measuring narrow bandwidth. 
This method uses the local oscillators within the 
spectrum analyzer and provides a more stable track- 
ing-generator signal. The block diagram (fig. 3) 
assumes that the last i-f is 10.7 MHz. 

reference 
1. Wayne F. Ryder, W6URH. "High-Performance Spectrum Analyzer," 
h a r n r a d ~ o ,  June, 1977, pages 16-30. 
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zip-cord f eedlines 
Many years ago I watched as someone set up a rig 

in the desert. The power plant was set out, the rig 
was set up, and the antenna was strung out between 
two convenient cactus plants (cactus attain a re- 
spectable height here). The thing that caught my eye 
was the feedline. It consisted of a long length of gar- 
den variety zip cord. My funny look at it gained a 
quick assurance that lamp cord was a perfectly good 
feedline. 

Everything seemed to work just fine and the opera- 
tors had no trouble working out on the band of the 
day, which was 75-meter phone. In those days it was 
common to run 100 to 200 watts input with high 
level a-m. 

After a recent move I decided to put up a 75-meter 
antenna at home and use the most economical feed- 
line. In the process of getting on the air, intermediate 
forms of antennas were used. That means some wire 
of about the resonant length was thrown up on the 
roof, and the near end was run into the rig. It was 
somewhat of a disappointment to discover that the 
intermediate antenna worked better than the well 
elevated final installation. A little checking showed 
that when the feedline itself was loaded up, it worked 
better than the antenna it was supposed to be feed- 
ing. In short, it appeared that something was not 
quite right. 

A little further investigation revealed some rather 
interesting facts. RG-8/U, RG-58/U, and lamp cord 

were tested at 4 and 21 MHz. The rig was tuned up 
into a terminating type of wattmeter and the feedline 
under test was inserted between the rig and the 
meter. Power out with 60 cm (24 inches) of feedline 
vs power out with 9 to 18 meters (30 to 60 feet) of 
feedline was measured and the results were 
tabulated. 

RG-58/U coax showed a 58 per cent loss at 21 
MHz; it showed almost no attenuation at 4 MHz. RG- 
8 l U  gave about 12 per cent loss at 21 MHz. 

Zip cord looked like it was best suited for use on 
the other end of a lamp or soldering iron. If you really 
want to know, it showed about a 60 per cent loss at 4 
MHz. There was no need to measure it at 21 MHz! 

About 20 meters (65 feet) of coax was used in the 
tests, and only 9 meters (30 feet) of zip cord (the rest 
of the zip cord was still attached to the antenna). Ob- 
viously, more lamp cord would have shown more 
loss. These tests were not conducted under labora- 
tory conditions, but the variables were held to a rea- 
sonable level so that it was possible to reach a rea- 
sonable conclusion. 

In any case, the zip cord came down and the RG- 
58lU went up. A crosstown telephone call got 
K70XS on the air, again. Bill indicated that my 3-5 
watt rig was back up to its normal signal strength at 
his location. He was almost as glad as I was that my 
antenna problems were finally resolved. 

Evert Fruitman, W7RXV 
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We'll give it to you straight! The HW-2036 was  a 
great 2-meter transceiver - but our new HW-2036A 
is just that much better. 
It boasts the same impressive specifications, but 
now gives you a full 4 MHz of coverage over any 
portion of its 143.5 to 148.5 MHz operating range. 
But most startling of all is the price tag. At $269.95* 
in easy-to-build kit form, the HW-2036A is the 
lowest priced, synthesized 2-meter transceiver 
you'll find anywhere! 
At Heath we're holding down the soaring cost of 
Amateur Radio. Look over our entire line of quality 
kit products. Then join the thousands of Radio 
Amateurs who've taken the sensible alternative - 
and built Heath! 

Heath Amateur Radio Clear... ... the quality that measures up! 

...j ust that much better! 
Send for your FREE Heathkit Catalog today! 
Or you may obtoln ocotolog by br lng~ng lhls coupon to 
one 01 Ihe 50 Heathkil E l rc t~on~~c Cenlers coasl.to-coast 
luni lsol  Srhlumberger Products Corp I. Where Heothklt 
products ore dlsployed, sold. ond serviced. Retarl prrces 
on some products may besl!ghtly hbgher. See the white 
pages of your telephone directory. 
Heath Company. Dept. 122.100. Benton Harbor, MI 49022 

-------m 
HEATH Heath Company. 

Dept. 122-400. 
Eenlon Harhor.Ml49022 t 

( P I C ~ S P  s ~ n d m e  m y  F R L E  Catalog I am not on your manl~ngl~st I 
- - I 

Address __ - - .- I 
-- - - Slale I 

1 'Prtce 0s mall order. FO B Benlon Harbor. MI ZIP __ ~ 

Prlces and spsc8lmcallons sublecl to change wllhoul nollce AM-366 
I 

More Details? CHECK -OFF Page 126 apri~ 1978 33 



constan t-current 
battery charger 

for portable 
operation 

Tired of pulling out 
your nicads for charging? 

Here's a neat method 
for keeping your batteries 

fully charged 
at all limes 

in any location 

The use of portable battery-operated equipment re- 
quires fully charged batteries to obtain maximum 
usefulness of the equipment. For handheld transceiv- 
ers, keeping the batteriesfully charged would normal- 
ly require frequent overnight charging. If the hand- 
held is operated in a mobile environment it must be 
removed often from the car to the battery charger. 
However, it's possible to charge the equipment's 
batteries while in use, thus always assuring a full 
charge and maximum lifetime from the batteries be- 
tween charges. 

A charging system has been developed that per- 
mits constant-current charging from an automobile 
electrical system to a 10-cell nicad battery pack, 
which is commonly found in handheld and similar 
portable transceivers. Since a 12-volt nicad battery is 
not easily charged from an automobile 12-volt sys- 
tem, a special circuit was designed to furnish a 
charging current to the nicads. 

.I nicad charging systems 
The most obvious method of charging a nicad bat- 

tery is shown in fig. 1A. A source potential, V l ,  de- 
livers current into a battery pack whose potential is I VZ. Resistor R limits the charging current to a safe 
and maximum value. The charging current, I ,  is 

I defined by 

I = V 1 - V 2 - 0 . 6 ,  vI > V2 (1) 
R 

This simple circuit works only if V l  is greater than 
V2,  which may not be true in all instances. For exam- 
ple, if a nicad battery has a discharge potential of 10 
volts, a 12-volt source can be used as a charging 
source. However, as the nicad battery becomes 
charged, its potential will increase to 13.5 volts, in 
which case the charging current would actually stop 
flowing during the charge cycle. In an automobile en- 
vironment, source potential VI  is not constant but 
may vary from 11 to 14 volts depending on the condi- 
tion of the automobile battery and engine rpm. Al- 
though the worst-case maximum voltage condition 
can be assumed, and the maximum charge current 

By Gene Hinkle, KSPA, I10 Engineering, 9503 
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defined and limited, this simple circuit will not charge 
a nicad battery with a constant current all the time. 

If a large value of V1 is available, the circuit in fig. 
1B works well. Since VI  is much larger than V2, the 
battery potential, the change in V2 versus charge 
time has little effect on the charging current. A lamp 
is used to decrease the voltage to the nicad at a 
specified current. This circuit is representative of 
many chargers on the rnarket today. Its disadvantage 
is that the charging current is not exact and C'l must 
be much greater than V2,  which is not the case in an 
automobile system. 

Fig. 2 shows an excellent method of obtaining a 
constant-current from a common three-terminal volt- 
age regulator. The three-terminal voltage regulator 
would normally have its common terminal grounded 
and would deliver a constant voltage between the 
output and common terminal. However, if the com- 
mon line is not grounded, but left floating, and a 
fixed resistance is connected from the output to the 
common terminal, the regulator will try to furnish a 
fixed voltage across the resistance. The current 
through the resistor is given by Ohm's law: 

where IOUT is current through resistor R; V is the 
voltage regulated by the device. 

Once the circuit is completed between the three-ter- 
minal regulator's common and power return (ground 
connection), current will flow through this connec- 
tion, even if a resistance or voltage exists in the path 
to ground. The only requirement is that the input 
voltage must be equal to or greater than the full 
charge battery potential plus 5 volts (for a 5-volt reg- 
ulator) plus 2 volts (overhead voltage). Thus, for a 
13-volt full-charge nicad potential and a 5-volt-type 
voltage regulator, the input voltage to the current 
regulator circuit must be greater than 20 volts. 

In the circuit shown, a transformer and rectifier 
were used to provide 30 volts dc. A 50 mA, &volt 
lamp was used in series with the regulator to indicate 
when the 50 mA charge current was flowing; it also 
dropped the power-supply voltage to 24 volts dc. m; r-2i7+ 
fig. 1. Simple charg- 
ing systems for ni- 7 v I  v 2  

cads. In A a resistor 
is used to limit the 
current source; the ,. V I - v 2 - 0 . 6  

R 
Wl r v2 

current is not con- 
stant and is non- WI . VZ VI , I 8  VOLTS 

l inear .  S k e t c h  8 a 0 
shows a lamp current-limited source. Voltage VI  must be 
much larger than V 2  for good regulation. This is a very pop- 
ular charging method. 

FRONT VIEW & 
fig. 2. An excellent constant-current regulator using a popu- 
lar 3-terminal voltage-regulator IC. Current source is deter- 
mined by Rl. For a 7805 IC, V is 5 volts. Thus for R =50 ohms. 
I = 50 mA constant current. 

The use of three-terminal regulators is an excellent 
technique for defining a constant current level. The 
current level is easily adjusted by changing resistor 
Rl  in the output circuit. The curren.t is essentially 
constant regardless of the discharge state of the 
nicad battery. 

voltage-doubler circuit 
To use a constant-current source as described it's 

necessary to provide an input source voltage of at 
least 20 volts. In an automobile situation, a 20-volt 
source is not available, so the circuit of fig. 3 was 
designed. This circuit uses a NE-555 universal timer 
IC and two power transistors in a voltage doubling 
circuit. The output voltage is roughly twice the input 
voltage, minus any diode voltage drops. Thus, a 10- 
volt source will be converted to 19 volts and a 13-volt 
source to 25 volts. This doubled voltage is then used 
to drive a source current into a three-terminal current 
regulator. 

The operation of the voltage doubler is as follows, 
referring to fig. 3. 

The NE-555 is used in the common astable multivi- 
brator configuration. The oscillation frequency is de- 
termined by RI ,  R2, and C1 and is equal to 

F =  -- 1 . 4 4  (2) 
(RI +2R2)  C l  

To have a near 50 per cent duty cycle the ratio of R I  
to R2 should be around 1 to 4 as shown. 

The 555 astable oscillator drives a pair of comple- 
mentary transistors. High-current power transistors 
were used to switch the large charge and discharge 
currents. Transistor 01 charges capacitor C2 to the 
input voltage during the first part of the astable cy- 
cle. During the second half of the cycle, transistor Q2 
puts the fully charged capacitor C2 in series with the 
supply voltage. Typical values for C2 are 

where F was defined earlier and IoLIT is the constant 



output current required. A diode and capacitor (C3) 
filter the pulsating dc to a value nearly equal to two 
times the supply voltage. The value of C3 should 
equal C2. 

Transistors Q1 and 02 are plastic-cased power 
transistors. Power transistors are used because of 
the high peak currents during the charge and dis- 
charge cycle of C2. Although MJE 2955 and MJE 
3055 types are shown, most common power transis- 
tors will work. The transistors are not heat sinked be- 
cause both are operated in the saturated mode, thus 
power dissipation is held to  a minimum. The diodes 
are 1-amp silicon types and may also be substituted 
with similar devices. 

The current regulator operates as the one previ- 
ously described. I t  may be attached to a heat sink, 
but is not mandatory. If the regulator's input terminal 
voltage is 25 volts, and the output terminal is at 17 
volts, only 400 m W  of heat must be dissipated in the 
worst case. The oscillation frequency of the voltage- 
doubling circuit can be increased, but  transistor 
switching becomes less efficient with the increased 
switching speed. A too-low frequency requires larger 
values of capacitance for C2 and C3. A good com- 
promise is to make the frequency between 1 and 
10 kHz. 

In the circuit shown the switching frequency was 
set to  1.4 kHz. Since ten 500 mA-hr nicads were be- 
ing charged, the charging current (IOU7.) was set to 
50 mA.  For an input voltage range of 10-15 volts, the 
charging current was a constant 50 mA.  

practical approach 

CONNECTING COAX CABLE FOR r R F  AND CHdRGINO CURRENT 

THESE COMPONENTS MOUNT 
INSIDE RADIO CHASSIS 

I 

i d- l l &!:IcA: I 
I r o  12 VOLTS 

I 
L 1 L - - - - - - -  _J 

fig. 4. Use of the constant-current charging source requires 
only the connection of the antenna lead to the radio in a 
mobile or base station. The current source may be located 
inside your power amplifier or within an ac-operated charg- 
er. For 2 meters, the rf choke. RFC, is ten turns no. 26 AWG 
(0.3mm) copper wire on a 1-megohm 112-watt composition 
resistor. 

to  the portable unit through the antenna coaxial 
cable. This approach makes it easy to  connect the 
handheld or other equipment to  the charging source 
as well as to the antenna. 

It's quite common to  use small power amplifiers in 
a mobile system. This creates a convenient location 
for the current source circuits. Fig. 4 shows a typical 
mobile setup. The current source is located inside the 
amplifier housing. A small rf choke isolates the in- 
coming and outgoing rf energy from the current- 

. - 

source circuits. A small capacitor in series with the 
To  make these charging schemes work in a mobile 

antenna confines any charging potential to  the inside 
charging system, charging current may be delivered 

of the automobile. The coax connecting the hand- 

VOLTAGE l N ~ U r  held to the amplifier or antenna carries the charging 
current to the batteries through an isolating rf choke. 
A dc blocking capacitor should be used in series with 
the rf circuitry. Most transceivers employ such a 
capacitor; check your schematic. The charging cur- 
rent source should be connected across the battery 
at all times. 

advantages 
By charging the nicads through the coax line, the 

batteries can be maintained at full charge at all times. 
By using the a-c operated charger and the auto- 

mobile charger system, the nicads can be charged at 
C.7.CZ.' IOU' RJ - 2 1.44 

.=,,,IT I,,,, r  four.^, any location. The current source could be switched -", "" 8 

to a lower trickle charge if desired. A 3-position 
f ig.  3. Voltage-doubler circuit suitable for developing 
enough voltage from an auto battery to run the current reg- 

switch could be used for this purpose and for turning 

ulator. Power transistors may be substituted for those off the regulator. 
shown. ham radio 
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Power Nominal 13 8 VDC tnput at 15 amps. Spurlous Harmon!cr better than 4 5  dB below 

Requlnmenh: neqatwe ground only Rad8at80n 30 MHZ, better than 60 d~ above including microphone ond 
Rccetve - 5 5 watts (~nctudes dial and 

30 MHz 
Power mobile mount, too. 
Consumption: meter lamps1 Trensm~t - 260 watts Less than 100 Hz d r ~ l l  per hour (Irom a 

3-1,4" htgh x 9- wlde x 12-ti2.. aecp 
cold start at room temperature) 

Dlrnenslons: 
(82 55 mm x 228 6 mm x 317 5 mm) M1cmPhOne H ~ g h  impedance 3000 ohm OPTIONS & ACCESSORIES 

Weight: 8-114 Ibs (3 66 kq) 

PERFORMANCE SPECIFICATIONS 
Frequency Range: 80 meter band - 3 5 to 4 0 MHz 

40 meter band - 7 0 la  7 5 MHz 
20 meter band - 14 0 to 14 5 MHz 

Modes: CW USB. LSB 

RF lnpul Power: SSB - 250 watts PEP nomlnal 
CW - 250 waltz DC maxtmum 
I i l d j ~ ~ ~ t a h l e )  

Tmnsrnllter: 

Antenna 
Impedance 50 ohm, onbalanced 

Carrber 
Suppression Better than 45 dB 

Snde-Rand 
Suppression Better than 55 dB a1 I000 Hz 

Receiver: 

Sens~t~v#ty Better than 0 5 watts audlo outptlt lor 
0 5 pV #"put 

StqnaI-to-NOIFP &tter than 10 dR S.NIN tor 
Rallo 0 5 PV ~nl)u#l 

Image Ratla Beller than 60 dB 
(typtcal wlth r ~ r p e c t  to 0 5 VV Inpot 80 meters - 

1 in dB 4n mpterc - 100 dB 20 meter3 - 75 dB) 

IF Relecloon Better than -70 dB 
It~p8caI with respec1 to 0 5 PV lnput 80 metprs - 
1 I0 dB 40 meters - 80 dB 20 meters - 75 dB) 

Interrnodutat~on 
Intercept Po801 Better than 10 dBM 

Sel~cl lv l ly  2 5 k H z - 6 d B  5 0 k H z - 6 0 d B  

Audto OutP!lt 
Power Mare than 3 watts 

Atld80 D~slortton Less than 5% at 3 watts 

Noise Blanker - 
Model No. PC 701 . . . . . . . . . . . $29.95 
100 kHz and 25 kHz 
Dual Crystal Caljbrator - 
Model No. PC 801 . . . . . . . . . . . $14.95 
Portable Power Supply - Model 
No. ALDA PS 115: average duty 
15 amp unreguiated: input - 
115/230 VAC. 50/60 Hz: output - 
13.8V nominal at 15amps . . . . $79.95 
Heavy Duty Power Supply - Model 
No. ALDA PS 130: output - 
regulated 30 amp at 13.8 VDC: input - 
115/230 VAC. 50160 Hz.. . . . . $149.95 

alda communications, inc. 215 via EI Cenrro Oceonside. CA 92054 (714) 433-6123 

ALDA 103 is completely monufomred in rhe USA 



how to modify 
linear amplifiers for 

With the introduction of the Ten-Tec Triton IV, 
which provides full break-in operation on CW, I 
needed a companion linear amplifier which also had 
this very desirable operating feature. At the present 
time, however, there is only one commercially pro- 
duced amplifier on the market which meets this re- 
quirement - and it's priced at almost $3000. The 
purpose of this article is to outline the theory and 
give some typical circuits which can be used to modi- 
fy any power amplifier to provide full break-in capa- 
bility. The circuitry is for use with grounded-grid 
triode linear amplifiers; class B or AB is assumed. 

While class C might seem to be a better choice for 
a CW power amplifier, there are several reasons to 
maintain linear operation. First, and most important, 
since class C operation is not linear, the CW wave- 
form supplied by the exciter will be distorted and the 
resulting output wave may produce serious key clicks 
and other unwanted spurious signals. 

For the modification described here the grid of the 
amplifier tube must be at chassis ground, with a posi- 
tive voltage applied as cutoff bias to the cathode. 
The classical biasing scheme, with the cathode at 

fig. 1. In  the classical bias circuit, A. the cathode is ground- 
ed and a negative bias is applied to  the grid; in the 
grounded-grid circuit a positive bias is applied to  the 
cathode, B. In these circuits Vg is the bias supply, Vp is the 
plate supply, Rg is the grid meter shunt, and Rp is the plate 
meter shunt. 

operat ion 
ground, fig. 1A, is rearranged to place the grid at 
both rf and dc ground, fig. 1B. The operating or cut- 
off bias is in the form of a positive voltage which is 
applied to the cathode; the high-voltage B + plate 
supply is above ground by this potential. 

When the amplifier is used for break-in operation, 
it is essential that the tube be biased to cutoff - with 
no plate current flowing - so the tube doesn't gen- 
erate noise which would mask weak received signals. 

1 cutoff bias 
Of the several types of tubes commonly used for 

linear amplifier service, there are two basic types: 
those with hot cathodes and those with indirectly 
heated cathodes (see fig. 2 ) .  For the purposes of this 
discussion the main difference is that the bias on a 
hot cathode is applied through the center tap of the 
filament transformer (fig. 2 A ) ;  bias for indirectly 
heated tubes is fed directly to the cathode through 
an rf choke (fig. 2 8 ) .  

Figs. 3 and 4 show two common ways to bias rf 
power amplifiers to cutoff. The circuit in fig. 3 (from 
the ARRL Handbook), uses a 10k resistor in series 
with the cathode circuit to develop self bias. I t  is the 
least acceptable method, however, because it re- 
quires a certain amount of plate current flow to pro- 
vide the bias. Therefore, the tube is not completely 
cut off. 

Another cutoff bias circuit is shown in fig. 4. I t  
uses a + 150 volt bias supply which cuts off all plate 
current and powers the TIR relay, K1. Actually, for 
B + supplies up to about 3500 volts, 75 volts of bias 
is enough to cut off a pair of 3-500Zs - 75-volt re- 
lays, however, are hard to find. 

Fig. 5 shows a circuit which uses an rf-sensing 
transistor switch to remove the cutoff bias from the 
amplifier. Under standby conditions 02 is an open 
circuit and 50 volts cutoff bias is applied to the cath- 
ode. When the drive signal is applied, 02 turns on 

By Dick Frey, K4XU. Chief Engineer, Ten-Tec, 
Inc., Sevierville, Tennessee 37862 
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fig. 3. Typical linear amplifier bias and control using self bias developed across the 10k resistor in the 0- line. Relay K1 is 
shown in the operating position with the amplifier on. 

and the operating bias becomes the sum of the zener 
voltage, V,, 02's collector-emitter saturation volt- 
age, V C E ( S A ~ ) ,  and the voltage drop across the grid 
meter shunt, Rg. VCEISAT) for the specified 2N5321 
resistor is 0.8 volt at 500 mA. 

When selecting Q2, two criteria must be met: a 
low V C E ( s A ~ )  because this adds to the operating bias, 
and a maximum collector-voltage rating that is great- 
er than the applied voltage bias voltage. The Darling- 
ton configuration is used because transistors which 
meet the two voltage requirements seldom have the 
necessary current gain for this circuit. The power re- 
quirement for 02 is quite low because the voltage im- 
pressed across it is low when it carries the grid cur- 
rent. A power dissipation rating of 10 watts is more 
than adequate. The resistance of the grid meter 
shunt resistor, Rg, should be as low as possible; usu- 
ally 0.5 ohm is sufficient with a grid current meter 
which has a 1 mA movement. 

The basic bias circuit of fig. 5, modified to accom- 
modate the directly heated cathodes of two 3-500Zs, 
has been used successfully in a Heath SB-220. Note 
that the zener diode no longer has to pass the full 
plate current so it is permissible to use a less expen- 
sive 20-watt zener diode. An added feature of this 
circuit is that if any of the devices which supply oper- 
ating bias fail open, cutoff bias will be applied to the 
tube - this prevents any damage that might other- 
wise occur. 

The IN4004 diode shown in the negative high-volt- 
age line is a clamp which prevents the B -  from 
going negative with respect to the chassis in case of 
bias supply failure. 

When the linear amplifier is in the standby condi- 
tion virtually no current is drawn from the bias sup- 
ply. When 02 turns on, resistor R1 limits the current 
flow. This current will show as grid current, so it's a 
good idea to keep R1 as large as possible. When test- 
ing this circuit I found it was useful to provide a 
means for turning on Q2 without applying rf drive 
power; S1 is a test button which does this. 

In normal operation, the linear appears to be run- 
ning class C because plate current is drawn only 

when an rf drive signal is present. The amplifier is not 
operating class C, of course, but since quiescent 
plate current is no longer being drawn under no-sig- 
nal conditions, the average power dissipated by the 
tube due to quiescent bias (200 to 600 watts in a typi- 
cal class AB amplifier) is greatly reduced; this in- 
creases tube life, improves reliability, and results in a 
cooler ham shack. 

receiver switching 
When the power amplifier can be operated without 

using relays to switch the bias, one step remains: re- 
ceiver antenna switching. Electronic T/R switches 
have been available for years, but have never been 
widely accepted because, when the transmitter is 
tuned to resonance, the tank circuit acts as a "suck 
out" filter which reduces received signal strength. 
The electronic T/R switch was not the culprit - its 
placement in the system caused the problem. The 
solution is to place the electronic T/R switch at a 
high impedance point in the system. If you want to 
eliminate noisy relays which are slow and prone to 
failure and go to full break-in operation, the antenna 

117 VAC TO B I A S  TO BIAS 
AND 8 -  AND B- 

fig. 2. Grounded-grid biasing arrangements for hot cathode 
tubes, A, and indirectly-heated cathodes, B. Typical hot- 
cathode tubes are the 3-5002.3-10002. and 3CX1000; the 8877 
and 8874 series of power amplifier tubes have indirectly- 
heated cathodes. 
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fig. 4. Linear bias and control using an external bias supply; this method provides better operation than the arrange- 
ment of fig. 3. Relay K1 is shown in the operating position with the amplifier biased to cutoff. 

must be connected to the transmitter at all times. 
Thus, to find a high impedance point to connect an 
electronic T/R switch, the plate tank of the amplifier 
is a good choice. 

Coupling to the plate tank is not without its prob- 
lems, however. First of all, it's dangerous because of 
the high voltage that is present. Secondly, since 
there is a large amount of rf voltage present, the 
coupling capacitor C1 (fig. 61, must be small both to 
reduce its effect on the amplifier tuning and to assure 
that the T/R switch is not overdriven. This presents a 
problem because the optimum value of C1 for receiv- 
ing purposes, about 5 pF, is too much capacitance 
when used at the kilowatt level on transmit. There- 
fore, a compromise is made on the side of safety and 
reliability. 

The capacitor specified is made from RG-8/U 

coaxial cable with the center conductor overlapping 
the braid for approximately 12 mm (112 inch). Two 
25 mm (1 inch) square tabs, spaced 1 cm (318 inch), 
will also work if the mechanical layout of the amplifi- 
er will permit placement of this arrangement. Be sure 
that this capacitor is placed directly across the plate 
tuning capacitor after the plate blocking capacitor. 
This compromise results in a slight loss of gain on 
receive, but most transceivers have more than 
enough front-end gain to make up for the loss. 

construction 
Since most modern kilowatt linears use some sort 

of input tuning, the placement of S1 in fig. 6 is not 
too difficult. The switch wafer can usually be added 
to an existing switch shaft, or the shaft can be ex- 
tended to provide room for the wafer. When pur- 

ANTENNA 

INPUT 
MATCHING 
NETWORK 

FlLDMENT 

HlGH 
VOLTAGE 

U p  I N 4 0 0 4  

I  W 
IP 

R I  

, - 1 HIGH 

fig. 5. Cutoff bias circuit for a linear amplifier which uses an rf sensing transistor switch. The zener voltage, V,, pro- 
vides the proper operating bias and was part of the original amplifier circuit. Cutoff bias circuit operation is described 
in the text. 
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chasing the wafer switch for S1, be sure to note 
whether the amplifier uses 30,45, or 60 degree index- 
ing between switch positions. 

The location of Q1 and its associated circuitry is 
not too critical except that it must be reasonably 
close to both C1 and S1 to minimize losses. It should 
be shielded if it is located inside the plate tank enclo- 
sure and all dc leads must be shielded. Since the dc 
current drawn is very small, the + 18 volts can be ob- 
tained with a voltage doubler from the amplifier fila- 
ment supply, or from a zener regulated drop from the 
positive bias supply. The switched coils form broadly 
resonant tuned circuits with the existing circuit ca- 
pacitance, so some adjustment of the given values 
may be necessary. 

Triton IV modifications 
There are also modifications to the Triton IV which 

will improve performance when using a linear amplifi- 
er. First is a simple change to eliminate the delay of 
the control relay while using ssb. As built at the fac- 
tory, the time constant capacitor, C3 in fig. 7 and 
page 3-34 of the manual, is tied directly to ground on 
the circuit board. By lifting the ground end of C3 and 
taking it to the unused center pin on the board, a 
wire can be run to the mode switch, S1E (CW1 and 
CW2 positions), which will activate the delay only 
when using CW. S1E is part of the rear wafer, closest 
to the chassis. 

The second modification involves removal of the 
control relay, K1. This should be done only if the am- 
plifier uses a positive voltage to key its control and 

A N T E N N A  m- lo 

002 

RECElVLR 
ANTENNA 

fig. 6. Electronic T/R switch for the receive antenna. The 
station antenna is connected to the linear at all times. Capa- 
citor C1 is less than 1 pF and consists of 12 m m  (112 inch) of 
RG-8/U coaxial cable (see text). 

SBR LOCK 

S I E  
ON MODE S W  

fig. 7. Modification of the Triton IV to remove the control 
relay and to eliminate unwanted delay times during CW 
break-in operation. 

changeover relay. The reason for doing this is to elim- 
inate the turn-on delay which is caused by using one 
relay to activate another. Relay K1 has no function in 
the operation of the Triton by itself. When the key is 
closed, it takes about 25 milliseconds for this relay to 
close, and perhaps another 23 ms for the amplifier 
relay to pick up, before the output of the Triton is 
amplified. This causes key clicks on the first dot. The 
transistor used for 0 4  depends on the voltage used 
on the amplifier control relay and the relay current. 
With K1 removed, there is plenty of room for the 
added components on the board. 

Some Triton users have complained of an ac hum 
in the receiver when using a linear amplifier - espec- 
ially in the narrow CW-1 position. This is caused by 
ac ripple (or raw ac) on the relay control line. When 
attached to the Triton T/R relay's normally-open 
jack, unshielded wires going to K1 pass underneath 
the CW filter which picks up the hum. The solution is 
simple: reroute the wiring between K1 and T/R nor- 
mally-open jacks on top of the chassis. This change 
has been incorporated in late production Tritons. 

conclusion 
What has been presented here are notes and basic 

technical information needed to modify an existing rf 
power amplifier for full break-in operation with a 
Triton IV; the circuits can also be adapted to other 
transceivers. Ten-Tec in no way assumes responsibil- 
ity for the use or misuse of this information, nor for 
any damage to other manufacturer's equipment re- 
sulting from implementation of these circuits. 

ham radio 
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. r 4  DRAKE UV-3 
multi-band 

Model 1346 Drake UV-3 (144-220-440) . . . . . .$795.00 
Model 1344 Drake UV-3 (144-440) . . . . . . . . . 3695.00 
Model 1343 Drake UV-3 (144-220) . . . . . . . . . .$695.00 
Model 1345 Drake UV-3 (220-440). . . . . . . . . .$695.00 
Model 1340 Drake UV-3 (144) . . . . . . . . . . . . . .$595.00 
Model 1359 Drake UV-3E (144-430)' 

(Models above include factory installed modules for bands 
as listed, standard dynamic mike, and mobile mounting 
bracket.) 

' This model tuned for European fm bands 
See your dealer for price details. 

Add-on modules expand band coverage of models 
which may have been purchased in a single band or 
two band configuration. Prices include factory 
installation which is necessary to meet FCC receiver 
certification requirements. 

Model 1504 Drake PS-3 AC Power Supply.. . . .$ 89.95 
Model 1525 Drake1525EM Encoding Mike.. . .$ 49.95 
Model 1330 UMK-3 Remote Trunk-Mount Ki t .  .$ 69.95 

NOTE: Certain of the above models will be available before 
others. Check with your dealer for specific availability. 



synthesized 
fm system 

For the serious amateur who.. . 
- considers fm a vital part of a total communication system 
- needs multi-band coverage in a single transceiver 
- needs to continuously scan-monitor a priority amateur repeater dedicated 

to public service, weather, or D X  alerts 
- needs extra programmed channels for quick selection, in addition 

to the synthesizer . . . 
The Drake UV-3 provides it all! 

Continuous priority 
channel scan 
Remote trunk operation 
(optional) 

Four extra diode-programmed 
channels on each band 
All three bands in a single 
bandswitched unit, or start 
with basic models and 
add extra band-modules later 
Non-standard offsets 
available for each band 

tinuously monitored from any 
other synthesized or fixed chan- 
nel. I f  you're operating on the 
priority channel, or another pro- 
grammed fixed channel, you can 
scan-monitor any synthesizer fre- 
quency you choose. 

The Extra Diode- 
Programmed Channels 

The Priority Channel Scan 
You can diode-program your prior- 
ity channel in one of the fixed 
channel positions. It can be con- 

You can diode-program up to four 
fixed channels, with their offsets, 
for each band. This feature allows 
super-quick selection of favorite 
channels. The five-kHz synthe- 

sizer operates independently of 
these programmed channels. And 
best of all, soldering is not neces- 
sary for programming. The pro- 
gram board has special sockets 
mounted on it for direct insertion 
of diodes. We even provide the 
diodes. 

Remote Trunk Mount Kit 
The control panel of every UV-3 
removes for installation in the 
UMK-3 Remote Kit. This provides 
for safety, as well as easy installa- 
tion in small cars where under- 
dash space i s  limited. 

Write for a fully illustrated brochure on the Drake UV-3 System. 

540 Richard St., Miamisburg, Ohio 45342 
R. L. DRAKE COMPANY pm, -- ~ h e :  ,513, 8662421 ~,,ex: 288.017 

Western Sales and Service Center, 2020 Western Street. Las Vegas. Nevada 89102 7021382-9470 



how to design 
matching networks 

Six basic 
impedance matching 

networks 
and how to 

design them 
for your own 
applications 

Common L, T, and pi networks work well for im- 
pedance matching but they lack the selectivity re- 
quired for amplifiers or frequency-multiplier chains. 
Adding a component to the network and rearranging 
allows it to be selective on both sides of band center. 
Presented here are six simple matching circuits and 
their design equations that allow adjustment of de- 
sign Q for selectivity and different source or load 
impedances. 

Fig. 1 shows the basic network with its source and 
load interfaces. The assumption is that R, is less than 
R,. Simply reverse the input, output, and the net- 
work if R,  is less than R,: Both source and load are 
assumed to have shunt capacitances; this is usually 
true and will include stray capacitance as well. 

The value of Q is the design Q of the network and 
determines selectivity. It is not component Q which 
should be at least five times design Q. Selectivity 
around band center is treated the same as a tuned 
circuit with a certain Q. Each of the six networks has 

I 
different attenuation far from center; examples of 
this are shown later. 

The constants listed in fig. 1 reduce the size (and 
complexity) of the network equations, and will be 
used with all six networks. It must be emphasized 
that all capacitive reactances must calculate 

R; L E S S  T H A N  R, 

negative, inductive reactances positive. Any excep- 

C O N S T A N T S  

NETWORK 

X ; = - I /  1 2 n F C ; I  X o =  - I / l Z n F C O I  

F  = C E N T E R  F R E O U E N C Y  

R ;  X ,  N =  - 
R ; e +  X ; 2  

R ,  = X ,  N  

- C 

fig. 1. The basic matching network. Constants shown here 
will be used in calculating the values for the six different 
networks discussed in this article. 

I tion to this rule with a network indicates that particu- 
lar network cannot be used. 

1 different sources and loads 

:: 
- 

C. 
< >  

Fig. 1 shows a parallel capacitive reactance across 
the input and output terminals. Sometimes the end 
impedances are given (or measured) in series form. 
This may be converted to parallel form either by 
impedance-to-admittance plus inversion of resulting 
conductance and susceptance. Any of the calcula- 
tors with rectangularlpolar conversion can handle 
this easily. The following conversion formula can be 

7; Ro 

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



used if those functions are not available on your TI = Ro - 'SEE T E ~ T  lF N E ~ ~ T I V E )  8 4 = d K T  

calculator: 

where R,  = Series resistance 
X, = Series reactance 
R p  = Parizllel resi.stance 
X p  = Parallel reactance 

Note that the sign of the reactance is preserved in 
conversion. 

A n  inductive reactance is a special problem. Com- 
pensation of this is done by capacitive shunting so 
that the total reactance at the band center becomes 
capacitive. Some of the networks will have shunt 
inductors at the ends. This condition allows the 
physical inductor to be the parallel difference wi th  
stray capacitance (always present) forming Ci or 
C,,. If the end reactance changes rapidly around the 
band center, i t  is better to  add a physical capacitor 
and use calculated inductance directly. In  any case, 
end reactances must be capacitive. 

handling data from 
the spec sheet 

Transistor data is invariably given in admittance or 
S-parameters. Admittance is already in parallel form 
so the conductance and susceptance values are 
taken directly and inverted to  yield end resistance 
and X, or X ,  (watch the sign of susceptance, it is 
positive when capacitive). 

S-parameters are a bit different and are found on 
Smith chart representations. These are normalized 
to 50 ohms or 0.02 mho and can be taken directly, 

TI  = R o  - R x  ( S E E  T E X T  I F  N E G A T I V E )  Rq ' fi,y 

Xe = R.0  

NETWORK 1 

XC = - ( R q  R ,  N )  
INPUT OUTPUT -7l-9 RD R l  Xo 

Xd = - 
R 4 X o  - R" 0. 

Xe  = R O  / o  

NETWORK 2 

fig. 2.  Networks 1 and2 

R, Yo R, 
XC = --- +or/ 

INPUT OUTPUT 
8.7 Xo - R0R' 

R 4  Xo + Ro Rx 

NETWORK 3 x i =  R,O - lR ,R,  I x , l +  R, 

Xe = A,, - R ,  N f o r /  

OUTPUT r- 
x: = - i R 4  + R i  N )  

NETWORK 4 

fig. 3. Networks 3 and 4. 

then un-normalized. SI1 is the input impedance while 
S22 is the output impedance; both are complex num- 
bers. Knowledge of Smith chart interpretation is 
required. 1 

Data in admittance or S-parameter form is invari- 
ably frequency sensitive. They also represent the 
average data of a production run so individual de- 
vices can vary. Under such conditions it is well to  
keep the design Q relatively low. There may be an 
advantage to swamping the end with a parallel re- 
sistance (small carbon composition resistor) to re- 
duce sensitivity of values. This has two cautions: 
power loss and about 2 pF extra capacitance with 
each resistor. 

examples 
Numerical examples all assume matching a 50- 

ohm line to the input of a Motorola MC1590 ampli- 
fier IC (single-ended) at 7.15 MHz wi th  a design Q of 
20. Stray capacitance of 3 pF is assumed at each 
end; the MC1590 is insensitive wi th  a parallel, single- 
ended impedance of 5k and 5 pF. The line is assumed 
perfect. Fig. 1 constants are then: 
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An HP-25 calculator was used for these and follow- 
ing calculations. 

networks 1 and 2 
These are shown in fig. 2. Variable T I  is a test 

value and is also used for Networks 3 and 4. If T I  
results in a negative, none of the first four networks 
can be used with the given constants. Design Qandl  
or end resistances can be changed to make it posi- 
tive. The negative situation only comes about with 
low R,:R, ratios. 

For the first four, T I  = 4950 so R 4 =  497.483. 
Values of Network 1 are then: 

Note that all reactance signs are correct. Values for 
Network 2 are: 

Reactance signs are correct here, too. 

networks 3 and 4 
Test variable T I  and R 4  apply here. Both inductors 

of both networks have two possible solutions. The 
reactance sign rule still applies so both X, ,  and X, 
must be positive or both X i  or X j  must be positive. 
Do not mix X,' and X! or vice-vkrsa; use either all 
non-prime or all prime values. Network 3 will have: 

Non-prime values obey the rules as do Network 4 
values: 

The inductors in Network 4 came out very close to 
the same value. This happened with this particular 
example, but is not true of other conditions. 

network 5 
This one is shown in fig. 4. It must be noted that 

the two inductors have zero coupling and must be 
physically separate. The schematic may appear to be 
a conventional tapped-inductor circuit but such 

would need a different set of equations plus meas- 
urement of mutual coupling. Networks 3 and 4 must 
also have separate inductors. 

Test variable T2 cannot be negative. If T p  is nega- 
tive design Q or end resistances, and possibly input 
capacitance, may have to be changed. Example con- 
ditions fit alright so we get: 

Rs=22.0617 lo9  
T2= 827.815 lo9 R q  = 64.3356 1 O6 
X,= - 274.782 Cc=81.01 pF 
X, = 22 7.822 L,=5.071 ySI 
Xf = 28.7208 Lf= 0.639ySI 

Non-prime inductor values were correct in this ex- 
ample. Note that C, is the same as for Network 4. 

network 6 
Fig. 5 shows this to be the tuned circuit often 

found in receiver front ends. The test variable is T3  
and there is only one set of solutions. Our example 
condition results in: 

R 5 =  2.57302 109 
T 3 =  89.9416 lo9  R4=21.2063 l o 6  
X,= - 250.921 C ,  = 88.71 pF 
Xd= - 32.9475 Cd = 675.60 pF 
X, = 250.000 L,=  5.565 ySI 

The inductor is the same value as in Network 2. 

wideband response 
Fig. 6 shows the frequency response over a two- 

decade range for the examples given. Voltage re- 
sponse has been calculated with constant end resis- 
tances. As such, it will be the same in either direc- 
tion. Frequency is normalized to 7.15 MHz. 

The joker in the deck is Network 3. The extra peak 
on the high side of resonance will vary in frequency 
and relative amplitude depending on the design Q 
and end impedances. A saving grace is that Network 
3 has the best low-frequency attenuation. All net- 
works will vary in other applications, primarily with 
different design Q; the general shape of the response 
curve, however, will still be the same. 

Choice of a network depends on the application. A 
frequency-multiplier chain should consider Networks 
2, 5, or 6 because of their better low-frequency 
attenuation. The last stage could use Networks 1, 4, 
or 5 in the output to reduce unwanted harmonics. An 
amplifier chain such as an i-f strip could alternate 
Networks 5 and 6 between stages for best skirt 
attenuation. * 

'There are better ways; this would only be for rnlniature construction or 

rnult~ple stages with degeneration of gain. 

46 april 1978 



table 1. Design Q determination with fixed-value capacitors 

RCJXO + Xd) Network 2, Fixed Cd R - [ ] 
R,,R, - X,(Xc t R,N) 

Network 3. Fixed C,: Q3 : 
X,X"N 

Networks 4 and 5, Fixed C,: Q,, = -- 

R,R,IX,, t X,) + XcX,R, 

xcx<>x, 

impedances presented 
to the source 

The impedance presented to the source can be 
easily ~alculated.2~3 Networks 1 through 4 have varia- 
tions far from band center that might cause stability 
problems. Network 1 is inductive from the band cen- 
ter to about 20.75 MHz from the example. Parallel 
resistance climbs abruptly to about a megohm while 
parallel reactance changes swiftly to capacitive re- 
actance. Network 2 has a similar, less abrupt change 
at about 9.76 MHz. Network 3 is also similar with the 
changeover coinciding with the voltage response 
peak at about 24.3 MHz. 

Network 4 becomes inductive below 4.9 MHz and 
capacitive above 28 MHz, resistance peaking to 4 
megohms at that frequency. Networks 5 and 6 were 
much less susceptible to changes, and showed only 
slight variations at passband edges. All components 
were assumed lossless so a practical circuit would 
exhibit much less variation due to finite com- 
ponent Q. 

The swamping-resistor method with transistor col- 
lectors works well from 6 meters and down with 
/, of 150 MHz or greater. This increases a normally 
low-collector conductance but does have some 
power loss. A swamping resistor can also be used at 
the load since load changes reflect to the source. A 

r2 = R ,  R 5  - R.,X,' ( S E E  T E X T  I F  N E G 4 T I Y E )  

X e  = I X ,  / R 5 J I R D 0 ,  + Rq J  +or+  
INPUT 

X ;  = (Xi  /R511Ro 0, - R 4 1  

Ro RI X i  

NETWORK 5 

rule of thumb is to add 2 pF for every resistor, using 
only carbon composition types. 

Mismatch loss will add out-of-band attenuation 
when used with receiver front ends. An exception is 
where the input impedance of the network matches 
the antenna impedance out of band. This is rare, but 
it happens. A similar condition occurs with different 
equipment connected with coax cable: the line 
length may cause a match out of band. 

non-standard component values 
A cure for non-standard component values is to 

change design Q slightly to accommodate at least 
one standard, fixed value. The other two compon- 

TJ = R ,  R5 - Rex: / S E E  T E X T  I F  N E G A T I V E I  

A 
X *  = Ro / 0 

NETWORK 6 

fig. 5.  Network 6. 

ents can be trimmable. Table 1 is a tabulation of 
design Q for Networks 1 through 5 based on one 
specified reactance. 

Our example for Network 2 gives a Cd value of 
36.74 pF. A 39 pF mica is a standard value with a 
reactance of - 570.755 ohms at 7.15 MHz. This Xd 
value is used and gives a design Qof 20.5074. The X ,  
of Network 2 is unaffected by Q but X ,  changes to 
243.814 ohms or 5.427 pH. 

Network 6 is a bit difficult to solve for Q but it can 
be done by programming an HP-25 or similar calcula- 
tor to solve either X, or Xd with manual Q input. An 
approximation that works in some cases is: 

46 % ( R ,  + R J / X ,  

The Network 6 example had C ,  at 88.71 pF. A fixed 
82 pF capacitor will have -271.456 ohms so the 
approximate Q is 18.6034. Recalculating with Q 
gives: 

X, = - 272.564 C,= 81.67pF (close!) 
X d = - ? 7 . 0 9 9 8  C d = 5 9 9 . 9 9 p F  
X, = 268.768 L , = 5 . 9 8 3 @  

C ,  is within 0.4 per cent of desired value so i t  
should work well. fig. 4. Network 5. 



Usual tolerances of fixed components are only 5 
per cent. This will have little effect on matching 
when the other two components are trimmable. 
Lower design Q will show less sensitivity to toler- 
ances. 

applications and variations 
Some situations cannot be met with given end 

resistances. This can sometimes be cured by using 

1.0 
NORMALIZED FREQUENCY 

Antenna networks used in receivers should have a 
dc path to ground such as in Network 5. This avoids 
static build-up during electrical storms and potential 
arcing. 

other networks 
End impedance frequency sensitivity may require 

simpler networks. An excellent treatment of L- 
networks is found in the first reference along with 
proper use of the Smith chart. Tabulated values are 
available4.5 and theoretical aspects can be found in 

Application of transistor amplifiers and matching 
is well covered in reference 7. Access to a computer 
that speaks FORTRAN can use the program of refer- 
ence 8 to calculate other networks and also deter- 
mine amplifier stability. 

references 
1 .  Phillip H .  Smith, Electronic Applications of the Smith Chart, McGraw- 
Hill, New York, 1969. 
2.  Leonard H. Anderson, "Admittance and Impedance, and Circuit Analy- 
sis," ham radio, August, 1977, page 76. 
3. Leonard H.  Anderson, "Calculator-Aided Circuit Analysis," ham radio, 
October, 1977, page 38. 
4. ARRL Electronics Data Book, Chapters 3,  4, and 5, ARRL, Newington, 
Connecticut. 1976. 
5. Frank Davis, "Matching Network Designs With Computer Solutions," 

10 Application Note AN-267, Motorola Semiconductor Products. Phoenix, 
Arizona. 

fig. 6. Frequency response of the six networks with the 6. Philip Cutler, Electronic Circuit Analysis; Volume 1, "Passive Networks." 

band center normalized to 7.15 MHz. 7. Ralph S.  Carson, High Frequency Amplifiers, John Wiley b Sons, New 
York. 1975. 
8. Gunnar Richwell, "Design and Match RF Amplifiers," Electronic Design 

a broadband toroidal transformer.9 Impedance 
changes of up to 16:l are possible. Remember that 
parallel reactance is also changed by the same ratio 
in this application. 

Good bypassing in active-device applications can- 
not be over-emphasized. A poor bypass and decoup- 
ling not only cause trouble between stages but also 
become networks. Resonance of bypass capacitors 
with lead length is common at higher frequencies; 
one cure is to double up several lower-capacitance 
bypasses. Short lead lengths and a large ground 
plane should always be used. 

An interesting application is the replacement of 
the preselector tuning used in 1960-era receivers 
such as the Heath SB-300 series. These all have one 
band per bandswitch position so the front end can 
be stagger-tuned over the desired portion of the 
band. Fixed capacitors replace the variable and Net- 
works 5 or 6 can be used at the antenna input. The 
Heath design has enough room to add a couple of 
bandswitch wafers to allow selection of other match- 
ing networks for other antennas such as a long- 
wire. The variable capacitor can be retained, in- 
sulated, and used as part of a Wien-bridge audio 
notch filter. 

10, May 10, 1969, page 106. 
9. John J .  Nagle, "Use Wideband Autotransformers," Electronic Design 
3, February2, 1976 (reprinted in ham radio, November, 1976, page 10. 

ham radio 

"I DID clean up my desk . . . two years ago, just before I 
picked up that call from Russia." 
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This new instrument has taken a giant step in 
front of the multitude of counters now available. 
The Opto-8000.1 boasts a combination of fea- 
tures and specifications not found in units cost- 
ing several times its price. Accuracy of k0.1 
PPM or better - Guaranteed - with a 
factory-adjusted, sealed TCXO (Temperature 
Compensated Xtal Oscillator). Even kits re- 
quire no adjustment for guaranteed accu- 
racy! Built-in, selectable-step attenuator, rug- 
ged and attractive, black anodized aluminum 
case (.09OV thick aluminum) with tilt bail. 50 
Ohm and 1 Megohm inputs, both with amplifier 
circuits for super sensitivity and both 
diodeloverload protected. Front panel in- 
cludes "Lead Zero Blanking Control" and a 
gate period indicator LED. AC and DC 
power cords with plugs included. \ 
OPTOELECTRONICS, INC. 
5821 NE 14 Avenue 
Ft Lauderdale. FL33334 
Phones: (305) 771-2050 771-2051 
Phone orders accepted 6 days. untll7 p m 

SPECIFICATIONS: 
Xme Base--TCXO 20.1 PPM GUARANTEED! 
Frequency Range--10 Hz to 600 MHz 
Resolution-1 Hz to 60 MHz; 10 Hz to 800 MHz 
Decimal Point-Automatic 
All IC's socketed (kits and factory-wired) 
Display--8 digit LED 
Gate Xmes-1 second and 1/10 second 
Selectable lnput Attenuation-XI. X10, XI00 
lnput Connectors Type --BNC 
Approximate Size--3% x 7'/2"w x 6'h"d 
Approximate Weight-2% pounds 
Cabinet-black anodized aluminum (.090" thickness) 
lnput Power-415 VDC. 115 VAC 50160 Hz 

or internal batteries 
OPTO-8000.1 Factory Wired $299.95 
OPTO-8000.1K Kit 5249.95 

ACCESSORIES: 
Battery-Pack Option-Internal Ni-Cad Batteries and charging unit 

519.95 
Probes: P-100--DC Probe, may also be used with scope 513.95 

P-101-LO-Pass Probe, very useful at audio frequencies 
$16.95 

P-102-High lmpedence Probe, ideal general purpose 
usage $16.95 

VHF RF Pick-Up Antenna-Rubber Duck w/BNC #Duck-4H $12.50 
Right Angle BNC adapter #RA-BNC S 2.95 

FC-50 - Opto-8000 Conversion Kits: 
Owners of FC-50 counters with #PSI--650 Prescaler can use 
this kit to convert their units to the Opto-8000 style case, includ- 
ing most of the features. 

FC-50 - 0pt0-8000 Kit $59.95 
*FC-50 - Opto-8000F Factory Update 599.95 
FC-50 - Optc-8000.1 (wITCXO) Kit  $109.95 

'FC-50 - Opto-8000.1F Factory Update $149.95 
'Units returned for factory update must be completely as- 
sembled and operational 

TERMS: Orders to U S and Canada, add 5% to maxnnum of $10 00 per order 
lor shqpplng, handhng and Insurance To all other countroes. ado 10% ot total or- 
der Flor~da res~dents add 4% stare lax C 0 D fee 51 00 Personal checks must 
clear before merchandise is shlpped 
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overtone crystal oscillators 
without inductors 

A discussion of 
overtone crystal 

oscillator circuits 
which don't 

require inductors 

Until recently, all of the circuits for overtone crys- 
tal oscillators I've seen have included tuned LC cir- 
cuits. It seemed necessary to have an LC resonator, 
tuned to the desired overtone frequency, to be sure 
the oscillator would operate at the proper overtone 
frequency and prevent operation at the crystal's 
fundamental frequency or some undesired overtone. 
It would be nice if the LC tuned circuit could be 
eliminated, of course, because it would simplify 
bandswitching of the crystal oscillator. 

International Crystal has introduced a crystal os- 
cillator circuit called the OF-1. Although the OF-1 
circuit has no inductor, and thus no LC tuned circuit, 
it can be used with crystals operating in the third- 

+ I z v  077-f (-0 OUTPUT 

T _I-680qq% 
3 0 p F  

4 - 2 2  MHz 2 2 0 p F  22OpF 

fig. 1. International Crystal OF-1 LO oscillator circuit for fun- 
damental-mode crystals. Drive, Dallas, Texas 75248 

overtone mode. I found this quite interesting and 
did some relevant experimenting to satisfy my curio- 
sity. My efforts are documented here for others who 
may share this interest. 

the circuit 
International Crystal supplies i w o  different kits of 

the OF-1 type. The OF-l LO uses crystals operating 
in the fundamental mode from 2 to 22 MHZ; fig. 1 is 
a schematic of the circuit. The OF-1 HI uses crystals 

1 2 v 0  - 

$ O' 

-- 

2 4 7 1  

I I 
I 2 2 h  -- 

fig. 2. lnternational Crystal OF-l  H I  oscillator circuit for 
third-overtone crystals; note that no inductors are required. 

operating in the third-overtone mode from 18 to 60 
MHz; fig. 2 is a schematic of the OF-I HI. Notice 
that in the latter circuit capacitor C3 has been omit- 
ted; in the overtone mode, the crystal operates near 
series resonance. 

I breadboarded and tested both of these circuits 
using a 2N4996 transistor. The crystal I used in all 
of my tests was a 28.3 MHz third-overtone type orig- 
inally purchased for use in lnternational Crystal's 
older OX oscillator circuit (which has an inductor). 

frequency Using this crystal, at the the crystal's circuit fundamental, of fig. 1 had an or output about 

9.43 MHz. The circuit in fig. 2 produced the third- 
overtone frequency of 28.3 MHz when the smaller 
values shown for C1 and C2 were used; using the lar- 
ger values for C1 and C2 given in fig. 2 produced 
oscillation at the fundamental frequency of 
9.43 MHz. 

By Courtney Hall, WA5SNZ, 7716 La Verdura 



fig. 3. Third-overtone crystal oscillator which uses a 74S00 Schottky l T L  gate; no inductors are required. 

TTL version 
To obtain increased output amplitude I developed 

the circuit shown in fig. 3. The 74S00 quad NAND 
gate acts as both oscillator and output buffer. One of 
the gates in the IC is unused. A 74S00 is required be- 
cause of the relatively high frequency; I don't believe 
the 7400, 74LS00, or 74H00 will work as well, if at 
all, at 28.3 MHz. 

All wiring should be as short as possible, and the 
circuit should be shielded. The peak-to-peak output 
amplitude swings from about 0.4 to 3.5 volts, which 
are acceptable TTL levels. If the capacitor which 
couples the first two gates together (30 pF in fig. 3) 

is too large (1000 pF), the circuit's output frequency 
will drop down to the crystal's fundamental. Some 
experimentation with the value of this capacitor may 
be required for different crystals. 

conclusion 
The simplicity of these overtone crystal oscillators 

could make them desirable in many applications. I 
have not had the opportunity to investigate them to 
the degree I would like; therefore, I would welcome 
comments from interested readers on this type of 
overtone oscillator circuit. 

ham radio 

simple method for making printed-circuit boards 
I have developed a method of making printed- 

circuit boards that, while not professional in appear- 
ance, work well and beat the mess that results from 
using wire-wrap sockets and soldering them in place. 

I use paint (enamel) in a K&E Leroy pen, inserted 
in a hole of a test probe. When using paint, do not 
use the insert for the pen, which is used to prevent 
the ink from running through. The paint is not 
thinned but just as it comes from the can; the result 
is a slow writing paint pen. I have found that a no. 2 
or no. 3 Leroy pen is just about right. Cleaning is easy 
with pipe cleaners and paint thinner. I use an inking 
pen with paint for the long straight lines, and a small 
brush for the large areas. 

To make a PC board, place the copper board under 
the layout, secure it so it won't slip, then use a sharp 
instrument such as a scribe and punch a prick hole 
through each place where there is a dot, or where 
there will be a hole. This gives the spacing you'll 
need to draw (free hand) the circuit on the board. 
After you have completed the hole punching (not 

through the board), remove the layout. Note that this 
does not destroy your layout. Now you can fill your 
pen and draw the circuit on the copper board. 

I recommend you practice with simple circuits 
before you jump into a complex layout. After the 
paint has dried naturally or in an oven heated to 150 
to 160 degrees, check to see that your layout is as 
you want it. If two lines are touching, the scribe will 
allow you to make a fine line between them. 

I have tried two types of etching solutions: ferric 
chloride and an etch solution from Vector Elec- 
tronics. The paint stood up well in both. First I tried 
two types of paint, Sears acrylic enamel, and Ace 
Hardware quick-drying black enamel. There was no 
apparent difference. 

Drilling the board can be done before painting the 
circuit or after etching. The little prick marks show 
you exactly where the hole belongs. Removing the 
paint after etching is done with trichloroethane or 
other solvent that will not contaminate the board. 

Robert H. Kernen, W4MTD 
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F O X .  . .  " rest message, change speeds, and change the terminal modes.all from 
the keyboard itself. In fact. the KOS (Keyboard Operated Switch) feature even turns 
the transmitter on and off from the keyboard, The DS-3000 KSR also features full-length 

--& 
72 character lines (16 lines per screen). 5 speeds of BAUDOTand ASCII RTTYand Morse \ * , ,  
code from 1 to  175 wpm(Version3). and word wrap-around to prevent splitting of words at t t  
end of a line. When combined with the HAL ST-6000 Demodulator, you have the 
ULTIMATE in RTTY equipment. 

DS-3000 KSR Version 3 (MORSE, BAUDOT, ASCII). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1575.00 
DS-3000 KSR Version 2 (BAUDOT & ASCII only) ........................................... $1195.00 

Write for our latest catalog & RTTY guide. 

HAL COMMUNICATIONS CORE 
Box 365 
Urbana, Illinois 61801 
217-367-7373 

For our Overseas customers: 
see HAL equipment at: 

Richter & Co.; Hannover 
Q f'rnQli I.E.C. Interrelco; Bissone 

,,... ......,.........*.. I Vicom Imports; Auburn, Vic., Australla 



Write todav for HAL'S latest RlTY catalog. 

R w  . 7ZO ON I 

The HAL ST-6000 Demodulator offers outstanding performance, versatility, and ease of 
operation.The Receive Demodulator features multiple-pole active filters available for "high" or "low" tones. 
These filters are frequency-matched to the transmit tone crystals for true transceive operation. Input 
bandpass filters, discriminator filters,and postdetectionfiltersare carefully designed and tested for optimum 
weak-signal recovery. The ST-6000 has an internal loop power supply, 2 loop keyers. RS-232. MIL-188C, and CMOS 
data YO, and rear panel connections to data and control circuits for connection to UART and computer devices. 
Use it with the HAL DS.3000 KSR for the best in R r r Y  performance $595.00 

HAL COMMUNICATIONS CORP. 
Box 365 
Urbana, Illinois 61801 
217-367-7373 

For our Overseas customers: 
see HAL equipment at: 

Richter & Co.: Hannover , I.E.C. Interrelro; Bissone 
.... ..! Vicom Imports; Auburn. Vic.. Australia 



repeater interference: 
some corrective 

actions 
Suggestions for 

repeater associations 
to minimize 

the ever-increasing 
interference problem 

Our local repeater, WR4ADC, operating on the 
146.341146.94 pair, has been experiencing in- 
terference on both the input and output frequencies. 
This article covers the technical corrective actions 
which have been considered for this interference. 
Some of these are now being used or are being in- 
stalled for future use. 

input channel anti-interference 
measures - lockout 

Since repeaters operate on a fixed-frequency plan, 
one method of avoiding unnecessary call-up is to use 
a repeater lockout signal on transmissions not in- 
tended for repeaters. Technically, as in fig. 1, this 
would be simple. An NE-555 subaudible oscillator 
producing a small deviation would be required at the 
non-using transmitters. The repeater input receiver 
would need a tone detector and a relay contact in 
series with the carrier-operated relay (COR) to block 
operation when the tone is received. 

While technically simple, this method of input in- 
terference prevention requires cooperation by the in- 
terfering stations. Lacking this, it is completely inef- 
fective. It does seem to be a useful approach and 
could be adopted as a national standard. If done, the 
standard should include designation of the lockout 
tone frequency and of the deviation it produces. 

While the lockout tone is not currently a useful 
technique, there are several technical anti-inter- 
ference approaches available based on the character- 
istics of interfering signals. One of the most common 
of these is the frequency window, fig. 2, which locks 

out transmission if the incoming signal is appreciably 
off frequency. While this is usually done to avoid 
excessive distortion, it is a powerful antiinterference 
method. In its simplest form, it may be a Schmidt 
trigger on the dc voltage at the discriminator, set to 
the value corresponding to the selected value of 
allowable frequency error, with the trigger inter- 
rupting the COR. Some filtering, on the order of a 
tenth-second time constant, is needed. 

signal characteristic measures 
Other anti-interference measures based on the 

characteristics of interfering signals include: 

1. a-m rejection 
2. Wideband f m  rejection 
3. Non-voice modulation rejection 

The purpose of a-m rejection, fig. 3, is to prevent 
operation of the repeater COR by an a-m carrier. In 
simple form this requires a pickoff from the receiver 
ahead of the limiters, feeding to an agc-controlled 
stage and an a-m detector. The lockout circuit would 
require presence of carrier in the fm section and in 
the a-m section, plus presence of a-m exceeding 
some percentage, say around 25 per cent. Some pro- 
tection against noise pulses or unmodulated pauses 
would probably be required, at least several seconds 
time constant of filtering. 

Rejection of wideband fm, fig. 4, would require a 
wideband receiver, and a form of detection of the 
out-of-band energy component. A simple form 
would be to compare audio levels of the narrow and 
wideband discriminator outputs: if they approach 
equality, the incoming signal would be wideband. 
Another wideband modulation detector would beat 
the limiter output against a local oscillator, followed 
by a highpass filter. The filter cutoff frequency would 
be set to the desired peak deviation. 

A lockout system based on the absence of voice 
modulation, fig. 5, would be a powerful anti-interfer- 
ence technique. In principle, this is relatively simple 
- just measure the ratio of peak-to-average power in 
the audio. The ratio varies from 3 dB for pure sine 
waves, to 13 dB for noise, and to about 16 dB for 
voice. Noise-operated squelch makes the distinction 
between the last two easy. 

However, in current fm practice, the approach is 
not this simple, since most fm transmitters use a 

By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 



limiter to keer, the deviation hiah. and this reduces R E C E I V E R  

wanted signal anti- 
interference measures 

" .  

T H R E S H O L D  
T R I G G E R  

the peak-to-average ratio. Because of this, a peak-to- 
average detector would have to be set to a lower 

fig. 2. Elements of the frequency window, which locks out 
All Of the above anti-interference measures are transmission if the incoming signal is appreciably off fre- 

based on some characteristic of the unwanted signal. quency. 

R F .  1 -F  D I S C R I M I N A T O R  
L I M I T E R S  

A U D I O  

The other family of input frequency measures is 
based on characteristics of wanted signal. The two 

cordance with the announcement instructions would 
standard forms of this, fig. 6, are the subaudible 

turn the repeater on. However, malicious intent 
tone, or private line, required continuously for ac- 

would seem to be proven if interference continues. cess; and whistle-on, a single tone or a Touch-Tone 

N O N -  U S E R  
T R A N S M I T T E R  

L O C K O U T  

G E N E R A T O R  

L O C K O U T  

ratio. About 6 dB, or 2: 1 in voltage, with a time cons- 
tant of about one-tenth second should be good and 
would provide appreciable protection against non- 

A c 

F I L T E R E D  ( O C I  

voice signals. 
r 

signal givirrg access. Access may be for a definite output channel anti-interference 
time period or until the COR is dropped for a time - c.,annel guards 
period. Various other forms have been used, includ- 
ing carrier-formed Morse and two-band inter- Repeaters also cause interference, and some tech- 

rogation. nique of guarding against the interference they cause 
may be desirable. Probably the best method of doing 

R E P E A T E R  this is to guard the output channel, f ig.  7, holding re- 

R  F  
peater operation in abeyance if the channel signal ex- 

- - - - - - - - - - -  I I' 
A I 

1 
ceeds some predetermined value. To account for 

. 
T O N E  

emergency operation, this guard could be combined 
with a timer identification announcement, giving in- 

LOCKOUT 
structions on the procedure to override the lockout. 

The setting of the guard receiver would need to be 
based on a value of "signal to be protected," and a 

D E T E C T O R  
- margin, or "protection ratio." These are common 

concepts in other radio services, but they have not 
fig. I. Elements of the repeater lockout system. been used in amateur operations. As a result, there 

are no accepted values for these quantities. 

Most of these methods have the disadvantage of The closest other service is the Mobile Service, 

requiring additions to the using transmitter, This is which includes land mobile. Since this was the 

not a severe problem for closed repeaters, where the many 2-meter repeater and 

number of users is small, but represents a serious equipment, it should provide good guidance. 

drawback for open repeaters, especially those on the 
R E C E l  V E R  

common frequencies or close to holiday areas or 
heavily traveled routes. 

One method of partially overcoming this objection 
is to operate the repeater with carrier access only 
during no interference periods, and to switch to one 
of the other access methods when interference is ex- 
perienced. This switch could be coupled with voice 
announcement on the identifier, giving instructions 
as to access method. A Touch-Tone access is proba- 
bly best since such pads are common and since the 
signal should never be used in normal communica- 
tion, except for signaling. 

I t  would seem that this method would give good A G C  L E V E L  

protection against incidental interference. Willful in- fig. 3. Principle of a-m lockout, which prevents operation of 
terference is another matter, since operation in ac- the repeater COR by an a-m carrier. 



R E C E I V E R  I t  is easy to see the effect of this protection level if 

1 1 L o c l o u r  
as a function of distance from the repeater, is ap- 
proximately: 

D I S C R I M I N A T O R ,  --->/-- 

fig. 4. Principle of wideband fm lockout, which would re- 
quire a wideband receiver and a form of detecting the out- 
of-band energy component. 

The International Consultative Committee (CCIR) 
data which relates to this matter is in their Report 
358. This report states that, not considering the ef- 
fects of natural or man-made noise, the median sig- 
nal levels to be protected for an average grade of mo- 
bile service are: 

I tionships. For average terrain, the effective radiated 
transmitter power to just reach the 10 pV/m signal, 

T R A N S M I T T E R  

band signal 
(MHz) (dB above 1 $V/m) 

3 - 5 0  8 
50-100 14 

100-200 20 
400-470 28 

the values are translated to power and distance rela- 

The report also states that the protection ratio, based 
on degradation from 20 dB S IN  to 14 dB Sl l ,  should 
be 8 dB for fm with fm interference, or 7 dB for fm 
with a-m interference. The report lists other ratios, 
but it has not been necessary to consider these, since 
the 2-meter National plan is based on narrow- 
band fm. 

The 1971 Special Joint Meeting of the CClR gives 
the following noise values: 

typical urban noise, 150 MHz, + 35 dB (KTB) 
typical rural noise, 150 MHz, + 3  dB (KTB) 
maximum cosmic noise, 150 MHz, + 8 dB (KTB) 

These figures are based on omnidirectional 
antennas. 

Many repeaters are located in urban areas and will 
see full urban noise levels; others are remotely locat- 
ed and will see less noise. Assume that the cosmic 
value, 8 dB, represents typical noise. Then the value 
of signal to be protected becomes 20+8 or 28 dB 
above 1 pV1m - about 25 pV/m. (This signal would 
give 20 dB output signallnoise in the average mobile 
installation and in a typical location.) The allowable 
value of interference that would give protection for 
this signal is 28-8, or 20 dB above 1 pV1m -- just 10 
pV/m. (Presence of the interference would reduce 
the20 dB S IN  to 14 dB SII.) 

distance 
km Imiles) 

10 6.2 
15 9.3 
20 12.4 
30 18.6 
50 31.0 

100 62.1 

transmitter antenna height 
100 ft l30m) 30 f t  l9m) 10 f t  l3ml 

or more or less 
transmitter transmitter transmitter 
power IW) power IW) power IW) 

0.02 0.3 3.0 
0.5 3.0 31 .O 
1 .O 6.0 60.0 
8.0 50.0 500.0 

100.0 500.0 5000.0 
3000.0 8000.0 - 

The ERP is the product of the transmitter output and 
the antenna gain multiplied by 2.5 (to include the ef- 
fect of ground reflection). 

Stated another way, the 10-microvolt signal would 
be produced by a typical mobile at about 8 miles 
(13km) distance, by a typical base station at about 18 
miles (29km1, or by a DX station about 90 miles 
(144km) away and beaming toward the repeater. The 
signal would be the same as that of another typical 
repeater if it were some 50 miles (80km) away. 

These values indicate that output channel guard- 
ing to the 10 pV level would not eliminate all interfer- 
ence. However, it would prevent interference to sim- 
plex operation within reasonable distances, to the 
point that any resulting interference would hardly be 
considered harmful. Accordingly it would appear 
that repeater associations wishing to minimize inter- 
ference problems should consider this approach. 

Construction of an automatic protection system 
should not be difficult. The output-channel monitor- 
receiver antenna could be mounted on the repeater 
tower at a height of 30 feet (9m). (This level is used 
because the height gain is zero.) Assuming use of a 

R E C E I V E R  T R A N S M I T T E R  

LOCKOUT 

y At:..::. 1-J 
D E T E C T O R  

fig. 5.  The non-voice lockout principle. Comparator meas- 
ures peak-to-average power ratio in the audio. which varies 
from 3 dB for pure sine waves to about 16 dB for voice. 
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TRANSMITTER 

GENERA TOR 

R E C E I V E R  TRANSMITTER 

TURN ON 

DETECTOR 

fig. 6. Elements of the tone-access system, which is based 
on characteristics of the wanted. rather than the interfer- 
ing. signal. 

dipole, its captive area is 0.54 m2 (free space), or 1.35 
m2 over average ground. A signal of 10 pV/m + 10 dB 
above 1V corresponds to a flux level of - 136 dB 
W/m2, so the antenna captures about - 133 dB rela- 
tive to 1 watt. Assuming 3 dB line loss, this becomes 
- 136 dBW at the receiver input, or about 0.2 
microvolt. 

Setting the squelch to operate at this signal level 
would allow use of the squelch circuit to  produce the 
protect control signal. Suitable timers and desensi- 
tize circuits would have to be included. A five-minute 
delay after detection of the channel-occupied signal 
might be used. A voice announcement could be in- 
cluded to the effect that the output channel is occu- 
pied. Emergency over-ride instructions could also be 
included. 

auto-QSY 
Probably the most important HF method of inter- 

ference control is to QSY. This is not really practical 
in repeater operation. However, there is a partial step 
which seems possible, fig. 8, and one which would 
make QSY for the station on the repeater output 
channel easier. This is to shift the repeater output 
frequency by a small amount; 5 kHz would seem to 
be suitable. 

R E C E I V E  
ANTENNA 

TRANSMI1  
ANTENNA 

RECEIVER TRANSMITTER 
RECEIVER 

PROTECTION '-4 : tJ 
fig. 7. The output-frequency guard receiver principle, in 
which repeater operation is locked out if the channel signal 
exceeds some predetermined value. 

A limited number of tests with this method indi- 
cate that the effect on normal repeater operation 
would be negligible - a small increase in distortion 
and a small decrease in range. With no other action, 
the effect on the other station on the channel would 
also be small. However, if the other station would 
also QSY by the same amount, but in the opposite 
direction, he would escape the interference com- 
pletely. A t  the same time his operation would be af- 
fected only by a small amount. For the repeater users 
and the other stations involved, nearly full operation 
could be restored by retuning. 

The signal for this scheme can be generated by the 
circuitry used for transmit lockout. (If desired, the 
channel-occupied receiver could be widened out a bit 
to give better detection of these slightly offset 
signals. ) 

RECE 1 VE 
ANTENNA 

TRANSMIT  
ANTENNA 

fig. 8. Principle of channel-occupied QSY method, which 
would make it worthwhile for the station on the repeater 
output to change frequency slightly. 

I 
1 

It may be noted that this offset method is used in 
vhf television to reduce co-channel interference and 
to allow closer station spacings. It is a powerful anti- 
interference technique. 

A number of other anti-interference measures 
have been considered with respect to WR4ADC in- 
terference problems. The other technical ones con- 
sidered did not seem attractive and so are not report- 
ed. There were several operational ones of value, and 
these have been discussed along with the technical 
solutions above. 

With increasing numbers of amateurs on the air, 
and especially with the continued expansion of re- 
peater operation, interference is going to increase. It 
seems to be time for the repeater associations to 
consider the steps that should be taken to minimize 
those interference problems. This should include rec- 
ommendation of standard techniques and of protec- 
tion ratios. 
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repair g;-q 
Joe Carr, K4IPV 
testing power tubes 
Several months ago a reader of this column wrote 
me asking the question, "How do you test rf power 
tubes?" Not long afterward a close friend of mine, 
about to build a linear amplifier for 80 through 10 
meters, bought a box full of used 4x150 power tet- 
rodes at a hamfest. After building the amplifier he 
found that none of the tubes were good and that he 
would have been better off using another type of 
tube from his collection that was known to be good. 
He naturally wanted to know if there was a better 
way available to amateurs than testing by trying. 

In my work, medical electronic servicing, we repair 
electrosurgical generators, which are rf power oscil- 
lators that produce up to several hundred watts in 
the 500-2500-kHz range. Some old but still perfectly 
good electrosurgical generators use the type UXCV- 
11 power triodes in a push-pull pair. These tubes cost 
about $120 each ($240 per pair!) unless you are clever 
enough to know about United Electronics in Newark, 
New Jersey. The cost makes stocking a number 

Final project built by the author for testing high-power 
vacuum tubes. 

large enough to permit routine testing by substitution 
too costly - especially in a shop with a limited 
budget. Again, there "has to be a better way!" 

Three times within the past six months people and 
situations have forced the issue of testing transmit- 
ting tubes, so perhaps it is time that we covered that 
point in this column. But before we answer the ques- 
tion posed originally, let's recap a little about elemen- 
tary vacuum tubes. 

A vacuum tube consists of an electron emitter 
called a cathode, several grids, and an electron col- 
lector called either a plate or an anode. The cathode 
can be either an incandescent filament, or an indi- 
rectly heated metal cylinder that has a heated fila- 
ment at its center. The plate surrounds the cathode 
but is insulated from it. The various grids are placed 
in the space between the cathode and the plate. 

The plate will have an electrical potential that is 
positive with respect to the cathode. Grid no. 1, the 
control grid, is given a negative potential wi th 
respect to the cathode so it can control the flow of 
electrons between cathode and plate. The second 
grid is called the screen grid or accelerator grid and is 
given a positive potential with respect to the cath- 
ode. The third grid, that nearest the plate IG3), is 
called the suppressor grid and may be either biased 
negative with respect to the cathode or (more com- 
monly) tied directly to the cathode either internally or 
externally, as shown in fig. 1. 

Variations in the grid voltage will produce varia- 
tions in the plate current, which by Ohm's law, 
become variations in the voltage drop across the load 
resistor, RI.. 

Several vacuum tube parameters are of interest 
when trying to ascertain overall quality. These are: 
amplification factor (mu or p), plate resistance ( R p  
from the spec sheet or data book), and the transcon- 
ductance (gm). 

The amplification factor is defined as the change in 
output voltage caused by a given change in grid no. 1 
(input) voltage. In fact, the amplification factor of 
any amplifying device can be given by: 

But for vacuum tubes specifically we can use the 
notation: 

where: 

A E h  is the change in plate voltage 
AE, is the change in plate current 

The transconductance rating relates a change in 
plate current (I,,) for a small change in grid voltage, 
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with the plate voltage held constant. In other words: 

gm=% iej 
AE, Eb = constant 

where: 

Alp is the change in plate current 
expressed in amperes 

AE, is the small change in grid bias 
voltage expressed in volts 

gm is the transconductance 
expressed in mhos 

This relationship will lead us to a method for testing 
tubes easily and quickly. 

tube tester configurations 
Fig. 2 shows the basic circuit for a short-circuit 

tester. This will give only limited information but is 
useful when screening a large number of hamfest 
specials. Why perform a more time-consuming test 
on a tube that has a high resistance short between 
the filament and cathode, for example? 

The tester circuit is nothing more than a series of 
several continuity testers arranged to ascertain the 
existence of any resistance paths between adjacent 
elements. Each continuity tester consists of a low- 
current filament transformer (i.e., rated at less than 1 
ampere) and a compatible lamp. I was tempted to 
specify the use of light emitting diodes instead of 
lamps but was quickly persuaded to use lamps be- 
cause the LEDs made the device too sensitive. This 
problem causes apparent shorts, when all we are 
reading is electrons flowing from the heated filament 
to the electrode on half cycles when the ac is posi- 
tive-going. 

I t  is best to test for shorts after allowing the tube to 
warm up for a few minutes. Some shorts do not be- 

- 
PLATE CURRENT 

fig. 1. Fundamental vacuum-tube circuit. 

come apparent until after the tube has reached oper- 
ating temperature. This is also the reason why the 
use of an  ohmmeter is not  recommended in  
this case. 

The simplest tester circuit that gives us a qualita- 
tive insight into the worth of any given tube is the 
emission tester of fig. 3. This circuit tests the tube 
for the emission of electrons from the cathode. No- 
tice that the tube is connected in a diode configura- 

LOW AC 
VOLTAGE 

A A 
LOW 4C 

VOLT4GE 

fig. 2. Short-circuit tester. 

tion in which all elements except the cathode and 
filaments are connected to the plate. 

The tube in a circuit such as fig. 3 acts very much 
like the classic diode. The emission current is defined 
as the saturation current of the tube. If the plate volt- 
age is increased from near zero, we find that the 
plate current will also increase in a nearly linear man- 
ner (except at very low plate potentials). But once a 
certain critical plate voltage is reached, we find that 
the plate will attract all the electrons that the cathode 
produces. Any further increase in plate voltage will 
produce very little, if any, increase in plate current. 
The current level at which this occurs is the satura- 
tion or emission current." 

The emission-type tube tester checks for this cur- 
rent, and if the current is low, it will indicate "reject." 
Some tubes cannot be tested at the actual saturation 
current either because it is inconvenient to do so, or 
because the current is too high and may damage the 
tube. These tubes are tested at a specific plate po- 
tential, at which a given current is expected. If the 
tube will not produce at least a certain predetermined 
percentage of that current (usually 80 to 90 per cent), 
then it is rejected. The emission tester can spot a 
grossly bad tube, but there are certain problems with 

'An interesting variation of the emission tester, which does not require high 
voltage but uses a low-voltage bias source, is described In reference 1. 
editor. 

april 1978 61 



vA:liaLE VOLTMETER MILLIAMMETER HIGH - VOLTAGE 
POWER SUPPLY 

fig. 3. Circuit for simple emission-type tube tester. 

this type. Note that most drug-store tube testers are 
emission types. 

Defects that will prevent the tube from operating 
normally will not always show up on a simple emis- 
sion tester, so some better means is necessary. The 
type of tester preferred by most professional servic- 
ers is the mutual conductance or transconductance 
tester. Examples of this type of circuit are given in 
fig. 4. The circuit shown in fig. 4A is a static trans- 
conductance tester using the grid-shift method, also 
called grid-level shift. 

Switch S1 iis in position 1 at the beginning of the 
test, making grid voltage E, equal to E2 alone. Both 
E l  and E2 are adjusted to produce a convenient 
(safe!) plate current. It is usually wiser to begin with 
the plate voltage (E l )  at some level well within the 
range that can be tolerated by the particular tube be- 
ing tested, and have the grid voltage at some value in 
excess of cutoff for that tube. This may be unneces- 
sary much of the time but could save you some grief 
often enough to make it a good standard practice. 
You may then adjust the grid voltage downward until 
the plate current is at a convenient level. When this 
adjustment is completed, make a note of the values 
of Eb, I p  and E,. 

To perform the test, place switch S1 in position 2. 
This operation makes grid voltage E, equal to 
(E2 + E3). The plate voltage is then measured and the 
supply readjusted if a change has been noted. The 
plate voltage at this point must be equal to the plate 
voltage that existed initially. 

Now read the plate current, and find the difference 
between this reading and the initial reading. Plug the 
difference current into the formula: 

where: 

This answer is given in mhos, but most vacuum 
tube spec sheets list the transconductance in micro- 
mhos. 1 mho= 1-million pmhos, so multiply the 
answer by 106. 

A dynamic transconductance tube tester is shown 
in fig. 48. This circuit is the basis for most commer- 
cial tube testers. A low voltage ac transformer is con- 
nected in series with the grid bias power supply, so 
that the transformer secondary voltage forms the 
"delta-E,." Actual transconductance is measured on 
the plate ac milliammeter, which is calibrated in units 
of conductance. 

Fig. 5 and the photo show a test jig I built to test 
power tubes at work. It will serve equally well for 
amateurs. The circuit is the simple grid-shift method 
for finding the transconductance of the tube being 
tested. Note that it is not a real tube tester construc- 
tion project because it lacks power supplies. Almost 
all amateurs can jury-rig adequate power supplies to 
make this test or can borrow bench supplies. Note 
also that it is not strictly necessary to use the full op- 
erating voltage of the tube to obtain meaningful 
results. 

Please, be very careful when using this jig; high 
voltages will be exposed! If there is any doubt, place 
the tube socket subassembly inside an insulated or 
grounded metal enclosure. I may seem to harp on 

ADJUSTABLE 
HIGH - VOLTAGE 

110 VAC 1 VOLT 
6 0  nz 60 Hz 

AXp is in amperes 

g m  isinmhos 
fig. 4. Static transconductance tester, A, and dynam- 
ic transconductance tester, 8. 
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safety an awful lot, but it is so very important. Recall 
the note on one of my past articles which pointed out 
that an editor almost canned himself while working 
on a 4000-volt final amplifier power supply. 

The test jig is built in two main parts, a main as- 
sembly and a tube-socket subassembly. A multicon- 
ductor cable connects the two parts of the jig. This 
design was selected so that the same mainframe can 
be used to accommodate a larger number of different 
tube types. 

Jacks J1-J8 are heavy duty banana-jack binding 
posts, while J9/P1 are a mating pair of multipin con- 
nectors such as the circular MS or AN series. I used a 
high-voltage power supply that delivered 500 Vdc, 
but if greater potentials are needed (I doubt that they 
will) it would be wise to change J1-J4 to  high-voltage 
chassis connectors. 

Meter M I  is an appropriate high-voltage meter, al- 
though in my case a voltmeter was made from a suit- 
able multiplier resistor (a pot and a fixed resistor) and 
an available 0-50-pA meter movement. Meter M2 is a 
dc voltmeter with a range suitable for the range of 
grid voltages expected. 

Resistors R1-R3 were selected so that varying R2 
produced approximately 1 volt of grid voltage 
change. R1 is used to allow precision trimming of 
that change. In my case, El was 25 Vdc, but if your 
voltage is different, use the normal voltage divider 
equation to find appropriate resistor values. 

Resistor R4 is made approximately equal to the 
plate resistance of the tube being tested, which in 
this case was about 3000 ohms. 

I used an external plate current milliammeter 

ADJUSTABLE 
1 0 0 0  

J4 
R3 MZ 

I 

ADJUSTABLE 
1 0 0 0  HIGH - VOLT4GE 

B + SUPPLY 

J4 
R3 MZ 

I MAIN ASSEMBLY I 

fig. 5. Schematic for a practical static (grid-shift) 
transconductance tube tester. 

table 1. Transconductance measurements of type UXCV-11 
tubes made by the author on the test jig shown in fig. 5. 

bad 4 M~ 9m 
tubes (volts) (amps) (micromhos) 

1 1 0.0013 1300 
2 1 0.0015 1500 
3 1 0.0014 1400 

good 
tubes 

1 1 0.0045 4500 
2 1 0.0039 3900 
3 1 0.0043 4300 

because there was a digital multimeter available that 
would measure current very accurately. 

Table 1 lists the values of transconductance ac- 
tually measured for both known good and known 
bad tubes. The UXCV-11 has a mu of 14 and a plate 
resistance of 3220 ohms. The spec sheet does not 
give the transconductance, but we may compute 
it from: 

gm = 0.00435 mhos 

(Note that all the bad tubes had grossly lowered gm 
readings. ) 

This tester is not "scientifically" designed but is in- 
tended to allow amateurs to test power tubes on an 
occasional basis. Its saving grace is that it can be 
built inexpensively! Note that I defined "bad tube" 
by saving from my own work those tubes that had 
been found to produce customer complaints similar 
to, "It seems to work, but has low output." These 
observations were confirmed by an rf ammeter in 
series with my 500-ohm (not 50-ohm; these were 
medical rf generators) dummy load. The real value of 
this tester is that it will allow you to test hamfest 
specials or perform preventive maintenance on your 
equipment. Of course, if you have an rf power meter 
or rf ammeter in your feedline, then a low-power out- 
put coupled with seemingly normal drive will point 
the finger t o  the final amplifier tubes. But the 
thought of that poor guy building an entire linear 
amplifier around a whole box full of bad tubes seems 
to justify doing a little testing - at five minutes per 
tube, how could he have gone wrong? 

references 
1. Neil Johnson. W20LU. "Testing High-Power Tubes," ham radio (The 
Ham Notebookl, March, 1972, page 64. 
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microcomputer interfacing: 
interfacing a 10-bit DAC 
A Digital-to-Analog Converter or DAC is an elec- 
tronic device that converts digital signals into analog 
signals. A typical converter consists of an arrange- 
ment of "weighted" resistors, each controlled by a 
single bit of input data, that develops varying output 
analog voltages or currents in accordance with the 
digital input code.' You could use a DAC to provide a 
small analog error signal from a microcomputer used 
in a feedback circuit, to convert a sequence of bytes 
in memory into analog-vs-time data and thus simu- 
late the output from an analog instrument such as a 
rotator control box for tracking OSCAR; to provide 
analog data for the two channels of an x-y recorder, 
or in general, to operate any device that requires an 
analog voltage or current and is interfaced to a digital 
device, such as a microcomputer. 

For a general discussion of the principles of ana- 
logldigital conversion, you should read the excellent 

Analog Devices conversion handbook1 or the series 
of small pamphlets distributed by National Semicon- 
ductor Corporation.2 Important terms and concepts 
associated with DACs include resolution, accuracy, 
scale error, gain error, offset error, linearity, differen- 
tial linearity. settling time, slew rate, overshoot and 
glitches, temperature coefficient, supply rejection, 
conversion rate, and output drive capability. A few of 
the terms have been summarized in table 1. 

To help understand how you'd interface a DAC to 
an 8-bit microcomputer, fig. 1 shows the connec- 
tions between an Analog Device AD7522 and an 
8080A-based microcomputer. An important feature 
of this specific DAC is the fact that it is double buff- 
ered; this means that there exist within the device 

The DAC Outboard circuit board contains all the circuitry 
shown in fig. I .  A copy of the board layout is available from 
the authors. 

Reprinted with permission from American Laboratory, 
February, 1977. copyright International Scient~fic Com- 
munications. Inc., Fairf~eld. Connecticut. 1977. 

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

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. 
and Dr. Christopher Titus are with Tychon, Inc.. Blacksburg. 
Virginla. 
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two independent 10-bit registers, the DAC register 
and the two-bit and eight-bit shift registers (fig. 2). 

A DAC is an output device for a microcomputer, 
and thus data is strobed from the microcomputer 
data bus into the internal registers or latches, of the 
DAC. In fig. 1, are shown the connections to the 
8-bit bidirectional data bus, 0 0  through 07, the 
8080A control signals OUT or MEMW, which are 
used with accumulator 1/0 or memory 1 /0  data 
transfers,3 and the channel select outputs 003 
through 005 that are generated by a decoder tied to 
the microcomputer address bus.4 

Since the AD7522 is a 10-bit DAC, it is not possible 
to simultaneously load all ten bits from an 8-bit 
microcomputer. The sequence that actually occurs 
can be summarized as: 

1. The DAC input bits DB0 through DB7 are first 
strobed into the 8-bit shift register/latch using a 
positive device select pulse applied at pin 24, (LBS 
or Low Byte Strobe). 

2. The most significant two bits, DB8 and DB9, 
are then strobed into the 2-bit shift register via the 
use of a device select pulse applied at pin 25 (HBS 
or High Byte Strobe). 

3. Finally, a device select pulse applied at pin 22 
(LDAC or Load DAC) transfers the ten bits of in- 
put data, DB0 through DB9, into the second buff- 
er within the DAC chip, the DAC register. 

k c  " 0 0  OGNO VREF AGND 

2 7  I  2 8  
1 

MULTIPLY ING 
D /A  CONVERTER 

YSB 

t t 
IOUT2 

I I DAC REGISTER P % L D A C  

fig. 2. Functional diagram of the AD7522 IC. This figure is 
courtesy of Analog Devices. 

The output current appears at lOUTl and IOUT2 
and is converted into a voltage with the aid of a 741 
operational amplifier. The two most significant bits 
are loaded from the eight-bit microcomputer bus 
using any two bits. Generally bits D0 and D l  are cho- 
sen since it makes data formatting easier. Thus, the 
ten bits are transferred as eight bits D0 to D7 and as 
two additional bits, D0 and D l .  

A simple program that exercises the DAC over its 
full operating range is provided in table 2. The pro- 
gram generates a slow linear ramp at the analog out- 

OFFSET ADJUST 

0 6  < I 3  
0 8 6  

14 
' O U T  

0 8 5  4 0 7 5 2 2  0 - I O V  

0 C---- SPC 

7 4 0 2  

fig. 1. Schematic diagram of an interface circuit between an -A-based 
microcomputer and an Analog Devices AD= digital-to-analog converter. 
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table 1. Important concepts and terms associated w i th  digital-to-analog converters. 

Resolution The smallest standard incremental change in output voltage of a DAC. A converter with n input bits can resolve one part 
in 2". 

Accuracy Describes the worst case deviation of the DAC output voltage from a straight line drawn between zero and full scale; it in- 
cludes all errors. 

Settling time The elapsed time after a code transition for a DAC output to reach a final value within specified limits. 

Conversion rate The speed at which a DAC can make repetitive data conversions. 

Nonlinearity Error contributed by a deviation of the DAC transfer function from a best straight line function. Normally expressed as a 
percentage of full scale range. 

Monolithic chip An integrated circuit chip in which both active and passive elements are simultaneously formed in a single small silicon 
wafer via the use of diffusion and epitaxial processes. Metallic stripes are evaporated onto the oxidized surface of the 
silicon to interconnect the elements. 

Multiplying DAC A digital-to-analog converter in which the output analog signal is the product of the number represented by the digital in- 
put code and the input analog reference voltage, which may vary from scale to zero, and in some cases, even to negative 
values. 

table 2. Memory I10 program that generates a slow linear ramp. Execution starts at HI = 003 and LO = 000. 

LO address 
byte 

START: 000 
001 
002 

instruction 
byte 

042 
004 
200 

mnemonic 

SHLD 
004 
200 

ST A 
003 
200 

INX H 
CALL* 

277 
000 

JMP 
000 
003 

comments 

Strobe ten bits of digital data into the AD7522 DAC shift registers. The ten input data 
bits are contained in register pair H. The address select code for the LBS input is 
HI =200 and LO=004; the address select code for the HBS input is HI=100 and 
LO = 005. 
Strobe ten bits of digital data from the input buffer into the DAC register within the 
AD7522 DAC. The address select code for the LDAC input is HI = 200 and LO = 003. 

Increment register pair H 
Call 10 ms time delay routine, DELAY 
LO address byte of DELAY 
HI address byte of DELAY 
Unconditional jump to START, where the input of new data into the DAC occurs 
LO address byte of START 
HI address byte of START 

'On the 8080-based microcomputer that we use in our courses, a 10 millisecond time delay subroutine is located in EPROM starting at HI =000 and LO=277. 
Such a routine can be located anywhere In memory. 

put of the AD7522. This can be observed on a Vom, Other small monolithic and hybrid DAC systems 
digital multimeter, or oscilloscope. The ramp is sub- are available from different manufacturers. The Ana- 
divided into 1024 small steps, each step being ap- log Devices converter was chosen because of the on- 
proximately 5 mV in magnitude. The total time the-chip latches and double buffering registers. The 
required to change from 0.0 volts to + 5.12 volts is use of a reference potential is common to many DAC 
10.24 seconds. The SHLD <B2> <B3> instruction modules. Perhaps in the future it, too, will be includ- 
outputs two data bytes in succession, from register ed in the module. 
psi; H, into the input buffer registers of the D A C ~  The references 
contents of register L are transferred into the 8-bit 

1. Analog-Digital Conversion Handbook, Analog Devices, Inc., Norwood, 
shift register, while the least significant two bits in Massachusetts 02062. 
register H go into the 2-bit shift register. Note that 2. "Spec~fying AID and D IA  Converters," AN-156, and "Data Acquisition 

the address is automatically incremented, and a System Interface to Computers," AN-159. National Semiconductor Cor- 
poration, Semiconductor Division, 2900 Semiconductor Drive, Santa Clara, 

second MEMW control pulse generated by the California 95051. 
8080A when the SHLD instruction is executed. The 3. Peter R. Rony, er at, "Microcomputer interfacing: Accumulator 110 vs 

STA <B2> <B3> instruction provides only a strobe memory 110," ham radio. June, 1976, page 64. 
4. Introducton/ Experiments in Digital Electronics. 8080A Microcomputer 

pulse at the LDAC input to the DAC; no data Programming, and 8080A Microcomputer Interfacing. Bugbook V, E b L 

transfer occurs between the accumulator and the Instruments, Inc.. Derby, Connecticut, 1976. 

DAC. ham radio 
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The Perfect Mobile Rig 
With its exclusive PLUG-IN-AND-GO MOBILE MOUNT, its light weight 4#p ATLAS 
(7 pounds), and compact size (3%" high X 9%" wide X 9%" deep) the Atlas &2z 
21 0x/215x is the perfect mobile rig. w-- 20 - -  RADIO  INC. 
To go mobile just slip the 210x into its mobile mount and all connections are 41 7 Via Del Monte. Oceans~de. CA 92054 
made automatically. Phone (7141 433.1983 

In just 10 seconds you're on the air mobile! Spec~al Customer Serv~ce 01rec1 L~ne 

ATLAS 21 Ox or 21 5x $679 (714) 433-9591 

w~ th  noise blanker $71 9 MADE IN AMERICA 
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10-15-20 METER BEAM 
Cushcraft engineers have incorporated more than 30 years of design 

I experience into the best 3 band HF beam available today. ATB-34 

I has superb performance with three active elements on each band, 
the convenience of easy assembly and modest d~mensions. Value 
through heavy duty all aluminum construction and a price complete 

I 
with 1-1 balun. 

Enjoy a new world of DX communications with ATB-34! 

SPECIFICATIONS 
FORWARD GAIN - 7.5 dBd WIND SFC - 
F/B RATIO - 30 dB WEIGHT - 

5.4 Sq.Ft. 
42 Lbs. - - 

VSWR - 1.5-1 WIND SURVIVAL - 90 MPH. 
POWER HANDLING - 2000 WATTS PEP 
BOOM LENGTH1 DIA. - 18' x 2 118" 
LONGEST ELEMENT - 32'8" 
TURNING RADIUS - 18'9" 

COMPLETE 
UPS SHIPPABLE NO EXTRAS TO BUY 

IN STOCK WITH DISTRIBUTORS WORLDWIDE 

C O R P O R A T I O N  

BOX 4680, MANCHESTER, N.H. 03108 



Enjoy the thrill of dependable long distance contacts on 
simplex or thru remote repeaters. The 20 element co- 
linear DX-Array offers a precise pattern with large cap- 
ture area. This vertically polarized, horizontally stacked 

' array provides a narrow beamwidth for the discriminating 
FM user. Wide impedance and gain bandwidths make the 
DX-Array a natural choice for the serious FM'er. A verti- 
cal polarization bracket, model DX-VPB, is required 
(support boom and mast not suppliedl. Seek out new 
horizons with DX-Array! 

SSB/CW - 
Dlscover reliability in long-haul communications with 
VHF SSB and CW. The Cush Craft DX-Array also gives 
low angle, high gain performance for many exotlc propa- 
gation modes - tropo, aurora, sporadic-E, and meteor 
scatter. Horizontally polarized DX-Arrays may be used 
singly or combined in pairs (twice Effective Radiated 
Power) or quads (4 x ERP). Each DXK stacking kit is 
complete with stacking frame and phasing harness 
(vertical mast not supplied). This year has seen some 
spectacular VHF band openings - Don't miss the next 
onel 

k*. 
EM€ - 
Many VHF experimenters have found excitement in 

k~ conquering the formidable Earth-Moon-Earth (EME) 
path. 2-meter moonbouncers have achieved outstanding 
success using eight stacked DX-Arrays. Impedance and 
gain characterist~cs of this antenna permit stacking 

Dave Olean, K 1 WHS, with h ~ s  160 Element 
DX-Array and Polar Mount €ME System DX-ARRAYLEADS THE WAY! 

.- - .. 
432 MHz. 

Model: Price: 
144 A 

Model: 
WHz. 

Price: 
2 M M ,  

Model: 
Hz. 
Price: ption: 

en1 
..*" -, 

Fram 
(4 

Fram 

. ,..,", 
e b Harness 
) E . )  
e b Harness 

hm Balun 
11. Bracket 
. I  

1.1 52.0 
VCR. PO 
1m EI DX-VPB 
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let's reduce 
audio pollution 

in the vhf bands 

How's your 
audio quality 

over the repeater? 
Here are 

some ideas 
for improvements 

Much has been written about the control and 
power output of vhf fm equipment. But little has 
been written, that I can discover, about the input 
part - audio signal generation - particularly the 
how and why of obtaining audio quality throughout 
the entire chain of repeater operation. 

As a one-time audiophile I have paid close atten- 
tion, the past several months, to the audio quality of 
signals being retransmitted by amateur repeaters. It's 
been a pretty sad experience, but there's a glimmer 
of hope. I've also been hearing others comment- 
ing on the situation, and steps are being taken to 
remedy it. 

Other than from equipment electrical malfunc- 
tions, bad audio is caused mostly by close talking 
into the dynamic microphone that usually comes 
with the radio. A couple of years ago I wrote an arti- 
cle on the subject of proximity effect for my club 
paper. The article was subsequently published in 
ham radio.' It pointed out that all conventional mov- 
ing-coil microphones (including speakers used as mi- 
crophones) accentuated the bass tones by a factor of 
3 to 4 dB at 200 Hz (fig. 1). Such response can easily 
cause the first audio amplifier stage to overload and 
feed this signal into the transmitter. 

I've heard many reasons why amateurs don't re- 
main at least 5 cm (2 inches) from their microphones, 
none of which are valid. Many old wives' tales have 

1 sprung up regarding the use of microphones. The 
most ridiculous is that foreign equipment manufac- 
turers have "set the audio stages of their radios for 
their countrymen." Sheer nonsense! It's usually not 
necessary to touch any internal controls in any radio, 

1 regardless of its origin, foreign or domestic. This 

, statement is qualified by reminding you that, in most ' transceivers, audio is set using one audio frequency 
at a time from an audio oscillator, and that the radio 
and microphone are packaged in a carton as the 
equipment goes out the door. 

talking across the microphone 
The next fallacious theory to be laid to rest is the 

"talk-across-the-microphone" nonsense. A11 micro- 
- 
By Budd Meyer, K2PMA, 6505 Yellowstone 
Blvd., Forest Hills, New York 11375 



phones are designed for speaking directly into the ac- 
tive element (fig. 2). The sound waves should im- 
pinge onto the element perpendicularly; the micro- 
phone element should be in the same plane as your 
mouth. The microphone element is designed to react 
to, or transduce, all frequencies pretty much equally. 

Unfortunately, microphone designers have a prob- 
lem in that the higher audio frequencies are more di- 
rective. The further from a straight line access to the 
microphone element, the greater will be the loss of 
the higher audio frequencies reaching the micro- 
phone element. Fig. 3 gives an idea of what happens 
when an audio signal (your voice) impinges indirectly 
onto the microphone element. Audio frequencies 
above about 800 Hz travel almost directly toward the 
element, whereas lower audio frequencies have 
much less directivity and much more power per unit 
bandwidth. 

So if you talk across the microphone, the bass 
voice frequencies can overload the audio chain in the 
radio; and the high frequencies, which are essential 
to intelligibility, are attenuated. I'd like to emphasize 
that the information above applies to all microphones 
whether crystal, dynamic, ceramic, or whatever. If 
you talk across the microphone, you're going to sac- 
rifice the higher audio frequencies. 

over-deviation 
Another situation that should be remedied is the 

idea that increasing the fm deviation will increase 
power output. More nonsense! The rf output of an 
fm  transmitter is constant, and no amount of "dink- 
ing" with the deviation control will increase power 

r I 
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fig. 1. Generalized response curve of the dynamic micro- 
phone. Note the accentuated bass tones at 200 Hz 
(reference 1). 

output. If you adjust the deviation control so that the 
radio is over-deviating, all you will do is increase 
distortion, since the transmitted signal bandwidth 
will be increased. 

Most amateur repeaters have some form of devia- 
tion limiting control to  prevent their signals from 
spreading out. If your radio's deviation setting is 
above this predetermined limit, you'll probably exper- 
ience the phenomenon of "popping out the repeat- 
er." You won't gain anything but shrugs from other 
repeater users who know better. You may even get 
an admonishment to clean up your signal. 

some answers to the problem 
How do you obtain good audio quality through the 

repeater? Much of the answer lies in the desire to do 
so. A standard answer you'll get, as I have, when 
you mention to someone who is over-deviating that 
perhaps he might try backing away from the micro- 
ohone, is "You're the first to comulain." Don't let 
this answer put you off. Most amateurs will back 
away from the microphone if asked to do so. Of 
course, if you tell him he sounds better at that dis- 
tance from the microphone, and he realizes he's a 
half-meter (2 feet) away, he just might consider ad- 
justing his microphone gain control! 

simple tests 
Some time ago I came across a good buy in vol- 

ume unit (VU) meters for my stereo system. I pur- 
chased an additional meter and connected it to the 
output of my vhf transceiver, which uses an 8-ohm 
speaker. I now had a reference of sorts - the fact 
that it was qualitative rather than quantitative served 
my purpose. At a comfortable listening level, the VU 
meter indicated average and peak audio output. To 
get quantitative values, I connected a calibrated 

Test setup used by K2PMA to check VU meter readings audio-power meter to the output, which proved the 
with a calibrated audio power meter. validity of my VU-meter measurements. 
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Being aware that most amateurs don't have VU or 
audio-power meters, I connected a Simpson 260 
Vom to the speaker output. Lo and behold - the 
VU-meter and Simpson 260 Vom readings matched! 
Such instrumentation can be used to advise the fel- 

fig. 2. Most fm problems with poor audio can be remedied 
by speaking at least 5 cm I2 inches) from the microphone. 
Loud speech doesn't improve power output. 

low on the other end that he's over-deviating, and 
you can p rwe  i t  by comparison. 

As a rough approximation, I suggest to the other 
fellow that he adjust his level to cause my VU meter, 
which has 300 ohms rather than the standard 600- 
ohm impedance, to average - 7 VU and peak at - 4 
VU. (A  correction factor of 15.75 dB must be added 
to the reading.) This comes out to about 7.5 mW 
average and 15 m W  peak. These numbers are only 
guides; you can set your own standards based on 
your own equipment. 

nated if we all talked at least 5 cm (2 inches) away 
from the microphone. Also, accepting the fact that 
talking loudly does not equate to more output power 
will eliminate the other major culprit causing distor- 
tion, as noted previously. 

I've no recommendation for setting up metered 
standards since an infinite number of variables must 
be considered. And no matter what one could come 
up with, we still must contend with the subjective as- 
pect of audio measurements. I've heard many ama- 
teurs with unbearable distortion access a repeater 
and ask for an audio check, only to be told that they 
sound good. The smartest thing to do would be to 
listen to your favorite repeater for awhile and learn 
which people give accurate reports. If one fellow 
consistently improves the audio of others wi th 
honest reports, then he's your man. 

level setting 
Here are some ideas for setting the level of your 

radio. As an example of the typical imported fm 
transceiver, I've provided a couple of sketches show- 
ing where to find the deviation and microphone gain 
control (fig. 4). 

First, you must have someone listen to your signal 
over a period of time, preferably on a simplex fre- 
quency, so that the repeater doesn't affect your 
audio. Start by practicing the technique of talking at 
least 5 cm 12 inches) from the microphone. Once you 
get the hang of it, this procedure will become second 

measurement problems I I I I 
Audio measurements are subjective, which means 

that all such measurements obtained by instrumenta- 
tion are subject to individual taste and hearing char- 
acteristics. I've listened to rigs set up by deviation 
meters and oscilloscopes and note that this method 
just doesn't accomplish the job. There are resolution 
problems with oscilloscopes and frequency problems 
with deviation meters. Personal habits and voice 
characteristics color the tests. Obviously an oscillo- 
scope presentation will show clipping; however, by 
the time the clipping is discernible the distortion will 
probably be very high. 

How can we obtain good audio? Probably 90 per 
cent of the distortion heard on repeaters can be elimi- 

fig. 3. Response patterns of dynamic microphones. Higher 
audio frequencies, which convey intelligence, are more di- 
rectional than the lower frequencies - a case supporting 
the theory for talking directly into the microphone rather 
than across it. 



nature. Chances are you won't have to touch the the microphone 
radio's innards. As a final attempt to clean up your signal, you can 

If you have to reduce the audio, locate the micro- always buy a new microphone. Perhaps yours is out 
phone gain control (not the deviation control), and of spec, or you dropped it once too often. The thing 
turn it in small increments until your listener agrees to look for here is not so much impedance match 

MICROPHONE 

Q 
I N P U T  

DEVIATION 
T O  OSCILLATOR 

CONTROL 
AND TRANSMITTER 

MICROPHONE 

MICROPHONE WAVE 
INPUT SHAPER 

TO OSCILLATOR 
DEVIATION AND T R A N S M I T T E R  
CONTROL 

fig. 4. Generalized sketch of most fm vhf radios showing where to find the deviation control, A, and the microphone gain con- 
trol, B. 

that your audio is sufficient and clean - no rough 
edges. I don't believe that these tests can be done in 
committee fashion - stay with one man! 

Only rarely is it necessary to touch the deviation 
control. What procedure do you use if there's only 
one control in your radio? Not much, really. The situ- 
ation then becomes a tradeoff between microphone 
talking distance and level. Make every attempt to 
keep your audio clean. If your radio has only one 
control, not eating the microphone is bound to im- 
prove your signal quality. Some hand-held radios use 
the speaker as a microphone; not much can be 
done here. 

If your radio has a deviation control but no micro- 
phone gain control, it's easy to adjust the deviation 
control so that your signal isn't two barn doors wide. 
As I've mentioned previously some repeaters are de- 
viation limited, and if your fm signal swing is beyond 
the preset standard set by the repeater, the machine 
will pop out when you try to talk. 

Locate the deviation control, which is generally 
near the end of the speech amplifier and audio chain. 
Ask your friend to listen to your signal while you ad- 
just the deviation control for minimum swing with 
clean audio. Keep in mind that excessive deviation 
does not increase talk power or rf output. You can 
adjust the deviation control so that your signal will 
deliver all the talk power you can use without objec- 
tionable distortion. 

(since most dynamic microphones will work with 
most transistorized amplifiers) but the microphone 
output level - somewhere in the vicinity of 10-50 rnV 
across 2000 ohms. How do you ascertain this with- 
out meters? Buy it with return privileges. 

closing remarks 
Let us not forget that your transmitter is only one- 

third of the communications chain. Repeater opera- 
tors should also get into the loop. Someone in the 
group should listen to the average quality of the re- 
peater audio. Sad to say, many repeaters have all 
kinds of added exotic features, but repeated audio is 
poor because no one has taken the time to check it. 

We have autopatch, beeps, timers, tone-encoded 
outputs, frequency checks, automatic signal reports, 
welcoming speeches, and the like, but bad audio in 
many cases. I earnestly believe that control stations 
should absolutely and positively comment on bad 
audio coming into the repeater. 

I hope this article will help improve a long-neglect- 
ed aspect of amateur radio. I've found most hams to 
be cooperative in helping to rid the airwaves of audio 
pollution. 

reference 
1. "Dynamic M~crophones," ham r a d i o ,  (Circuits & Techniques), June, 
1976, page 49. 
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f-DSI INSTRUMENTS INC. 

DS/ I Be the one who's on FREQUENCY!! 
With your DSI Counter. . .save the shop cost of tweaking xtals. . . 
know your frequency.. .from 160 meters through 450 MHz. Now DSI 
o f f e r s  the most counter for your dollar. Latest s t a t e - o f - t h e - a r t  

technology.. .DSI advanced LSI design far exceeds outdated TTL. 
Go with the leader. . .buy a DSI FREQUENCY counter and SAVE 
TIME & MONEY!! 

MODEL 3500 $139.95 MODEL 3600A $1 89.95 
Includes oven timebase 

500 MHZ Frequency Counter 600 MHz Frequency Counter 
Includes 500 MHz Prescaler - Not an addon 
7 Large bright - 'h inch LED Readouts 
Temperature compensated crystal timebese 
Accuracy 1 PPM Typ 
Sensitivity 50 MvRms 150 1 2 5 0  MHz 150 MvRms 450 MHz 
Gate time light 
No direct RF connection Requlred 
AC or DC operation 
50 Hz to 500 MHz typ 
Comprehensive ownem manuel wlth complete accurate schematlcs 
Factory assembled & tested 

Includes oven compensated crystal limebase 
Includes built-in 600MHz Prescaler.Not and addon 
8 Large bright - % inch LED Readouts 
Two timebases 0.1 sec & 1. sec 
Resolution 1 Hz Direct 10 Hz Presceled 
Sensitivity 20 MvRms @ 150 & 220 MHz 100 MvRms 450 MHz 
Accuracy .5 PPM over temperature 
Oven light & Gate time light 
Automatic Decimal point placement 
NO DIRECT RF CONNECTION Required. . Comprehensive owners manual with completa accurate schematlcs 
AC or DC ooeration 
50 t i 2  to 600 MHZ ~ y p .  
Factory assembled & tested 

Use i t  in the car or on the bench. . .take it to the repeater site. . .high.irnpact case. . .light 
weight-but rugged. ..Designed with the latest readily available LSI. CMOS. Schottky, Mecl. 
integrated circuits. 

NEW PRODUCTS 

250 MHz 7 Digit Battery operated hand held counter $109.95 
3112 Digit Bench Digital Multi-meter AC or Battery operated $99.95 

Visit us at the DAYTON HAMVENTION - APRlL28,29,30 

Strongest Warranty in the Counter Field. ONE Year  Parts and Labor we pay the re- 
turn shipping plus.. . s a t i s f a c t i o n  guaranteed.. . Dennis R o m a c k . .  . WAGOYI. 

VP-MARKETING.  DSI 
--------___________---------------------------------------------------------------------------------------------------. 

TO ORDER CALL COLLECT (714) 565-8402 

~ams c a l l  - -. - - DSI INSTRUMENTS INC. 

Address . - - Div. Diversified Security Ind. Inc. 
Ctly S t a l e  

Phone -. - 
We pay shipping charges anywhere in 
the U.S.A. UPS Brown or P.P. - CA 

Order - -p - - - - -. -- Residents please add 6% state Sales tax. 
Check enclosed Please sand mote lntorrnatlon on your full llneol Inslrumanls and Accessortes 

BsnkAmarlcard MastsrCharQe VlSA R E  American Express Bank of Arnerlca 
~r~dncard l  - - - -Carderplrstlondata Sagnature - pp Mastercharge VISA 

-7914 Ronson Road No. G. San Diego, CA 92111 
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f-,DSI INSTRUMENTS INC. 

ALL NEW! Unparalleled DSI quality hand-held counter at a price 
that is affordable for any budget. Remember the 3240 is factory 
assembled and ready to use. GO with the leader and order your 
counter today. 

DSI 

MODEL 3240HH 
$1 09.95 

25oMHz FREQUENCY COUNTER 
BATTERY OPERATED HAND-HELD 

Made in USA 
Not A Kit 

P Fully Portable. 
r 

Battery Operated. 

Factory Assembled. 

7 Large .4" LED Reac 
I 

1 Year Warranty. 

10MHZ to 250MHZ. 

Built in Ant. 

20 HR Batt. Life. 

Uses H AA Batteries. 

gouts. 

7914 Ronson Road No. G, San Diego, CA 92111 I 



You have your own 
calculator. 

Urhy not a DMM? 

Finally, a digital multimeter that's 
yours, just like your pocket calculator, 
and more useful. Only $169.' 

You pack only 13 ozq. in your pocket 
or service kit, but size is deceptive. The 
8020A has more useful features than 
any other multimeter available--at 
any price! Features like 26 ranges and 
seven functions, including conduct- 
ance. 2000-count resolution. Hi110 pow- 
er  ohms. 

And it's rugged. The high-impact 
case protects a minimum number of 
component park9 (47 in all), and they're 
all readily available from any of the 
worldwide Fluke service centers. Your 
8020A is factory calibrated by NBS 
traceable equipment. And we guaran- 

tee it'll live up to published specs for a 
full year. 

The 8020A is a true field instrument, 
designed with a highly readable LCD 
display, and inexpensive 9V transifitor 
battery power for continuous use up 
to 200 hours. Reliability, quality and 
value: that's Fluke tradition. 

T o  get your hands on one, call (800) 
4!264'361, toll free. Give us your charge- 
card number and we'll ship an 8020A 
the sameday. Or, we'll tell you the loca- 
tion of the closest Fluke office or dis- 
tributor (where you can save by buy- 
ing  a ten-pack of 8020As for only 
$1521*). 

*U.S. price only. 

The DMM for Home Electronics Experts. 

BIG 
back issue 

DEAL 
I t ' s  s imple.  Order a set of ALL 
AVAILABLE Ham Radio back issues 
lor the bargain price of just $65.00. 
Ham Radio guarantees you a mini- 
mum 01 50 Issues. Right now we 
have many more for you than that - 
from 1968 to 1978 - but obviously 
w ~ t h  t h ~ s  unbel ievable deal they  
won't last long! 
Single issues of HAM RADIO are still 
ava~lable lo r  $2.00 each or 3 tor 
$4.95. For a full l~s t ing  of all back 
issues send for our lree brochure. 
Complete your collection, replace lost 
issues, discover new ones - or - 
gel  every th~ng w ~ l h  Ham Radio's 
back issue BIG DEAL. Order Now. 

I 
C1 The BIG DEAL - send me all available 

back Issues right away. Enclosed IS I 
$65.00. 
I want back issue(s). 

I 
52.00each or 3 lor $4.95. 

I 
(spec~fy month and year) I 

I I Send a lree Back Issue brochure. 
fl Check or money order enclosed. 

I 
Charge my h Master Charge I 

i I I  BankAmerlcardlVlSA I 
Acct t 
Ex. Date Bank # I 

(MConly) I 
Name Call 
Address I 
Clly 
Slate 

I 
ZIP I 

Mail lo: 
HAM RADIO Magazine I 
Greenville, NH 03048 I 
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SAW UP TO 50% 
Hobbyist or professional, there 

are probably a lot of circuits you 
build just for the fun of it. And a lot 
you'd like to build, but never get 
around to. 

One reason is the cost of parts. 
Parts you buy for one project, but 
can't re-use.. .because you haven't 
time to take them carefully apart. 
Or because of heat and mechanical 
damage that occur when you do. 

Now, there's an easier way that 
c?n save you big money on parts 
and hours on everyprolect, as well: 
ProtrrBmrff Solderless 

N 0 . Q  I*PINMP SUGG. OTHHI 
MOML TIE.POINTS CAF'AClTY LIST ' FEATURES 
PB-6 630 6 51595 Ks- 10 mtnute 

assemhly 

PB-100 160 10 1995 Kn-w~lhlaroer 
caOacfly 

PB-101 940 10 2995 Bdtslrtbulton 
buses hloher 
caoaclty 

PB.102 1240 12 3995 Larqecavacily. 
mmierate ptlce 

PB-103 2250 24 5995 Even larpel 
caoaclry o q  
2 i t  pet 11e-wrm 

PB.104 3060 32 79 95 Larwsl capacrly. 
lowest prlce 
pet ~ ~ e - w ~ n l  

PB.M3 2250 24 8000  Butll In 1%-regu- 
laled 5V. IA low 
ttpple cow 
suaolv 

PB.203A 2250 24 129.95 As a m  plus 
seoatare ':-am[) 
+15Vand -15V 
lmernally adlust- 
able requlaled 
OlllDUlS 

lengths of ordinary #22-30 AWG 
solid hookup wire. 

Circuits go together as quickly as 
you can think them up. And parts 
are re-usable, so as your "junk box" 
builds, you build more and more 
projects for less and less money. 

Before you invest in your next 
project, invest in a CSC breadboard. 

Order today Call 203-624-3103 
(East Coast) or 415-421-8872 
(West Coast): 9 a.m.-5 p.m. local 
time. Major credit cards accepted. 
Or see your CSC dealer. Prices 
slightly higher outside USA. 
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'NEW! 
THE FUTURE NOW! 

FM2015R Does Your Unit Cover The New 
Sub-band 144.5 - 145.5 MHz? 
The FM2015R Does, PLUS MARS-CAPI* 

All Solid State-CMOS PL digital synthesized - No Crystals to Buy! 5KHz steps - 144-149 
MHz-LED digital readout PLUS MARS-CAP and MULTIPLE OFFSET.' 
5 MHz Band Coverage - 1000 Channels (instead of the usual 2MHz to 4MHz-400 

to 800 Channels) 4 CHANNEL RAM IC MEMORY WITH SCANNING 
MULTIPLE FREQUENCY OFFSETS ELECTRONIC AUTO TUNING -TRANSMIT 
AND RECEIVE INTERNAL MULTIPURPOSE TONE OSCILLATOR RIT 
DISCRIMINATOR METER - 1 5  Watts Output - Unequaled Receiver Sensitivity and 
Selectivity - 15  POLE FILTER, MONOLITHIC CRYSTAL FILTER AND 
AUTOMATIC TUNED RECEIVER FRONT END, COMPARE! Superb Engineering 
and Superior Commercial Avionics Grade Quality and Construction Second to 
None at ANY PRICE. 

INTRODUCTORY 
PRICE 

.hone W i l h  Hull, 8" 

Touch Tone Pad 
WHY BUY LESS? 

$41 goo THE FMMC-I 
HAS I T  ALL1 

New' Auto key up 
Snap-Aclron Keyboard 
Ad! lwel and lone 

R ~ ~ l ~ 1 . d  AC/PS balance 
Model FMPS-4R.. . e39.96 Usewtlhanylranl~~~~n . 0"l" 3C". 2" 

849'' 
FREQUENCY RANGE: Rece~w and Transmit: 144.00 to 148.995 features which ere found in only the most sophist~cated and 
MHz. 5Khz steps (1000 channels )INCLUDING NEW BAND 144.5- expenstw alrcratl and commercial transceivers. 
145.5MHz + MARSXAP and MULTIPLE OFFSET ' TRUE FM: Notpha~lmodulat~on -for superbemphasized hi-fiaudio 
LEO DIGITAL READOUT. quallty second to none. 

4 CHANNEL RAM SCANNERWlTHlCMEMORY:Pr~ramany4 RIT CONTROL. Used to improw clarity when contacting stations 
frequencaes and reprogram at any tame uslng the front panel w ~ t h  oi l  irequency carrler. 
controls-search lor occupled (closed) channel or vacant (open) MONITOR LAMPS. 2 LED's on front panel indicate (1) incoming 
channels. Internal NI-Cad lncluded lo  retatn memory (no dnde stgnal-channel busy. and (2) Transmit. 
matrrx lo  wlre or change). FULLY REGULATED INTEGRAL POWER SUPPLY: Operating 
MULTIPLE FREQUENCY OFFSETS: Three positions A.B.C. voltage for all 9v c~rcu~ts  8ndependsntly regulated. Mass~ve 
provided lor ~nstallat+on o l  optional crystals: EXAMPLE - 1 MHz Comrnerc~al Hash F~lter. 
offset Duplex Frequency Offset Bu~l t  In - 600 Khz PLUS or MINUS 5 MODULAR COMMERCIAL GRADE CONSTRUCTION: 6 
KHz steps, plus s~mplex, any frequency. Unotlzed modules ellmtnate stray coupllng and fac~l~late ease of 
INTERNAL MULTIPURPOSE TONE OSCILLATOR BUILT IN: maintenance. 
1750Hz tone burst lot "wh,slle on operaoon" and sub-aud~bletone ACCESSORY SOCKET: Fully w i r d  lor touch torm, phone patch. 
operatlon possible by simply adding a capacitor across the terminals and other accessories. Internal swurltch connects recelver output to 
provided, lnternai 2 posltlon swutch for automat~c and manual ~nternal speaker when connector 1s not on use. 
operalaon, tone burst or sub aud~ble lone PL - adjustable 60-203Hz MULTI-PURPOSE METER Trlple Funct~on Meter Provides 
(1 00 Hz provldedl D#scr,mtnaror Meter. "S" Readrng on recelve and P o w r  Out on 
AIRCRAFT TYPE FREQUENCY SELECTOR: Large and small Transm~t 
coarlally mounted knobs wlect 100KHz and 1OKHz steps RECEIVE. Bener than .25uv sensltlvoty. 15 POLE FtLTERas well as 
respect~vely. Swntches cl~ck-stopped wlth a home posit~on lacil~tate n~onul!th~c crystal f~lter and AUTOMATIC TUNED LC c~rcuots provids 
frequency chang~ng wlthout need to vlew LED'S while d r~v~ng  and superlor sklrt wlectlv~ty - COMPARE1 
provrdes the srghtless amaleur wtth full Braille dml as stendard HIGH/LOW POWER OUTPUT. 15 watts and 1 wan. switch 
equapment. selected. Low power may be adjusted anywhere between 1 and 15 
FULL AUTOMATIC TUNING OF RECEIVER FRONT END AND watts. Fully protected-sho~ or open SWR. 
TRANSMll lER CIRCUITS DC output of PLLled tovaractordlodes OTHER FEATURES. Oynam~c Mrcrophone bull1 In weaker, mob~le 
on all front end RF tuned c#rcults prov~des lul l  sensltlvtly and mount. external5 pln accessory lack, speaker lack, and much, much 
opllrnum ~nlermodulatlon rejectlonover theentire band.APC(AUT0 more. Sore 2% x 7 x 7%. All cords, plugs. luses. microphone hanger. 
POWER CONTROL) - Keeps RF output constant lrom band edge lo  etc. ~ncluded. Welght 5 Ibs. 
band edge. NO OTHER AMATEUR UNIT AT ANY PRICE has these 

R.-I S.W L s m c e  m a  
U S l n l o r a  h r n u n r . t m s .  ic 
Colonl.. N J 
201,574 3003 

Manufactured by one of rhe worl~fs most disringuished Avionics manufacrurers, Kyokuto Denshi Kaisha, ~ t d .  k , B , " y E , 8 . r ~ ~ ~ -  
First in rhe world with en ell solid stare 2 meter fM mnsceiver. t b l i )  ~ S Y  3j76 

ka The RXIeO SIDD 
Rlrmal utah 
IWI) 254 0991 4DB AMATEUR-WHOLESALE ELECTRONICS E - E : ~ ~ ~ ~ ~ ~ ~  ~ 3 ~ ~ ? 2 , 1  - 

8817 S.W. 129th Terrace, Miami, Florida 33176 DEALER INQUIRIES INVITED. ~~~~~~b~~ mlo 
g!2 .;L:::c -! Telephone (306) 233-3631 Telex: 61-6628 PLEASE ORDER FROM YOUR LOCAL ;gM'P"8 Vw,,nw 

L U.S. DISTRIBUTOR DEALER OR DIRECT IF UNAVAILABLE. I "' ' J 
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products 
For l iterature on  any o f  the  new 
products ,  use  o u r  Check-Off 
service o n  page 126. 

DenTron Jr. monitor 
antenna tuner 

w 
DenTron's newest tuner, called the 

Jr. Monitor, has power-handling 
capability of 300 watts, and can han- 
dle balanced, coaxial and random- 
wire-fed antennas. It also includes a 
relative-power-output meter and a 
mobile-mounting bracket. The Jr. 
Monitor measures a mere 5%-inches 
wide, by 2%-inches high, by 6- 
inches deep (14x7x15cm). This size 
makes it ideal for portable, mobile, or 
fixed operation. Designed to handle 
virtually any transceiver or receiver- 
transmitter combination, the Jr. 
Monitor is priced at $79.50 and is 
available at DenTron dealers through- 
out the United States and the world. 
For more information, write DenTron 
Radio Company, 2100 Enterprise 
Parkway, Twinsburg, Ohio 44087. 

OSCAR amateur 
radio satellites 

For most amateurs, obtaining in- 
formation about any of the Oscar 
satellites has been somewhat of a 
piecemeal process. Almost every 
area of interest was covered in a 

separate publication or source, and 
some information just did not seem 
to be available at all. 

Author and engineer Stratis Cara- 
manolis has written a very useful 
book, OSCAR Amateur Radio Satel- 
lites, that ties it all together in one 
place. The original was published in 
German, and now an English- 
language version is being distributed 
by the Radio Society of Great 
Britain, and by Ham Radio's Com- 
munications Bookstore. 

Almost any question that you may 
have about amateur radio satellites 
can be answered by consulting 
OSCAR Amateur Radio SateJJites. 
It shows a high degree of compe- 
tence in presenting the technical and 
theoretical facts of satellite opera- 
tion, but at the same time these facts 
are covered in language that the non- 
engineer can understand and work 
with. The author uses just enough 
mathematics to prove whatever 
theory or point is being discussed, 
but not so much as to scare away 
any neophyte to amateur radio or 
satellite communications. 

The book starts out with a dis- 
cussion of the solar system from the 
first misconceptions that placed the 
earth at the center of the universe, 
and brings you right through the 
changes in scientific thinking into the 
current period of knowledge, which 
was started by Johannes Kepler. The 
first three laws formulated by Kepler 
are essential in understanding the 
mechanics of orbiting bodies, no 
matter what size they are. The book 
uses this Keplerian foundation to  
build a subsequent discussion of 
satellite orbital mechanics starting 
with a simple explanation of the tra- 
jectory of a projectile and then de- 
veloping this into a trajectory that has 
no terminus, thus being an orbit. 

Once the essential mechanics of 
orbits and satellite theory are taken 
care of, the author gets into a good 
explanation of satellite types, sys- 
tems, control, power requirements, 
and structures. This is followed by a 
chapter on the fundamentals of tele- 
communications by means of satel- 

lites, which includes such areas as 
free-space loss (of signal strength) 
and receiver sensitivity - both im- 
portant considerations if you plan to 
use a satellite system. 

All of this groundwork material 
takes up a good portion of the book, 
but it is interesting and essential 
reading if you are to really under- 
stand what makes any satellite be- 
have the way it does. Chapter seven 
is the first one that is devoted entirely 
to amateur radio satellites, and it 
starts with the background of ama- 
teur work in planning, building, and 
launching the first OSCAR. It con- 
tinues with a history of each amateur 
satellite right through to the current 
OSCARs 6 and 7. 

This chapter is followed by one 
that, logically, devotes many pages 
to detailed descriptions of all the 
systems that go t o  make up  an 
OSCAR satellite package - trans- 
ponders, telemetry, antennas, re- 
ceivers, modes, decoding, and much 
more. It explains how you can cal- 
culate orbital information, how you 
can interpret the telemetry data that 
indicates the condition of the space- 
craft systems, and what you need at 
your home (ground) station to work 
with satellites. 

The last chapter is devoted to the 
subject of learning with satellites. It 
is a section designed to acquaint 
educators with the possibilities of 
classroom use of amateur satellite 
signals and experiments. The author 
points out some of the uses that 
have been made of this material, and 
provides names and addresses where 
those interested can obtain more 
information. Some samples of tech- 
niques useful in  classrooms are 
given, such as measurement and 
explanation of Doppler effects, 
orbital data, and transmission of 
amateur television and weather satel- 
lite pictures through the OSCAR 
spacecraft. Future satellites are dis- 
cussed, but because of the many 
variables in timing of launch vehicles, 
satellite construction, and the like, 
this coverage can be only tentative 
at best. 
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All-in-al!, the book is recomrnend- 
ed as an excellent reference for the 
amateur (or anyone else) who is 
curious about any phase of satel- 
lites, or who is seriously contem- 
plating 'the use of OSCAR for com- 
munication or educational purposes. 
OSCAR Amateur Radio Satellites, by 
Stratis Caramanolis, is 194 pages, 
paperback, and is $8.50 postpaid 
from Ham Radio's Communications 
Bookstore, Greenville, New Hamp- 
shire 03048; order RS-0. 

a c h e  filter design 

The Deignof 
Active F 
with 

- 
The Design of Active Filters and 

Experiments by Howard M. Berlin, 
published by E&L Instruments, is an 
introduction to theory, implementa- 
tion, and design of active filters. The 
text includes descriptions and sche- 
matic diagrams of designs for the var- 
ious lowpass, highpass, bandpass, 
and notch filters based on the 741 op- 
erational amplifier IC. Recommended 
for the experimenter and hobbyist 
who want to learn the basics of ac- 
tive filters, the book is complete 
enough to  serve as a college-level 
laboratory manual. It is also an ex- 
cellent reference for the practicing 
circuit designer. 

I dB -- 1 KW CW, 3 KW PEP input. 
For dipoles, inverted Vees, 

beams, quads. 
Dependable. Takes 

I I temporary overloads in 
stride. - 

Specify 1:1 or4:l ratio. 

Model 1 K $16.95 

2 Kw CW, 6 Kw PEP input. 
Far more rugged than any 

other balun made for 
amateur use. 

Specify 1:1 or4:l ratio. 
Model 2K $32.50 

2 Kw CW, 6 Kw PEP input. 
Our heavy duty balun with 

mounting bracket for 2" 
mast or boom. 

Specify 1 :l or 4:1 ratio. 

Beam Balun $37.50 

Only Palomar Baluns Have All These Features 

RF toroidal core for highest efficiency. 
Teflon insulated wire. 
Stainless steel hardware. Won't rust. 
Epoxy filled case. Waterproof. 
Wideband 1.7 to 30 MHz. 
White case to reflect the sun. 
Lightning protection built in. 

Free brochure sent on request 
How many lightweight baluns have you burned out 
already? Install the balun that will stay up there working 
year after year. 

Order direct. Add $2 shlppinglhandllng. California 
residents add sales tax. 
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+ ! E ~ ~ ~ ~ ~ N B R ~  from DRAKE 

UV-3 PRICE REDUCTION 
In this day of rising prices on almost everything, it is not only 
refreshing but even remarkable to be able to announce a 
significant price reduction on the Drake UV-3 System. 

How can this be? Well, considering that no one has ever 
produced a 144-220-440 MHz multi-band fm system before, at 
the time it was priced we could only use our best estimate on 
materials, labor, etc. Now that we are shipping the first UV-3 
units, we refigured our costs on the entire system and are 
pleased to announce that we can pass along these sub- 
stantial savings to you: 

Model 1346 Drake UV-3 (144-220-440) ....... .SO%%UU $795.00 
Model 1344 Drake UV-3 (144-440) ........... .S0WXl $695.00 
Model 1343 Drake UV-3 (144-220) . . . . . . . . . . .  .SZESU $695.00 
Model 1345 Drake UV-3 (220-440) ........... .SE?OU $695.00 
Model 1340 Drake UV-3 (144) . . . . . . . . . . . . . .  ..$595.00 no change 
Model 1359 Drake UV-3E (144-430) European Model . . see dealer 
(Pnces above include factory installed modules for bands as 
listed, standard dynamic mike, and mobile mounting bracket.) 

' 144 Add-on Module .. . . . . . . . . . .  .- $175.00 
'220 Add-on Module . . . . . . . . . . . .  .- $175.00 
'440Add-on Module ............ .!XX&OU $175.00 

Model 1504 Drake PS-3 AC Power Supply .... .$ 89.95 no change 
Model 1525 Drake 1525 EM Encoding Mike . .  .$ 49.95 no change 
Model 1330 Drake UMK-3 

Remote Trunk-Mount Kit.. ................ .$ 69.95 no change 
'Add-on modules expand band coverage of models which 
may have been purchased in a single band or two band con- 
figuration. Prices includes factory installation which is neces- 
sary to meet FCC Type Certification requirements. 

TO receive a FREE Drake Full Line Calslog. please send name and dare 01 this publication to 

R. I.. DRAKE COMPANY 
mg 

- -- e 
540 Richard Street. Miamisburg, Ohio 45432 Phone (513) 866-2421 Telex 288-01 7 

Mathematical equations and tech- 
niques are held to a minimum; the fil- 
ter design characteristics are convey- 
ed primarily by means of tables, 
graphs, and illustrative examples. 
The subjects covered include the 
basics of operational amplifiers and 
filters, first order lowpass and high- 
pass active filters, and second and 
higher order active filters. Other 
topics described are bandpass and 
notch filters as well as the state- 
variable filter. Twenty-six experi- 
ments demonstrate active-fi lter 
characteristics. 

The Design of Active Filters and 
Experiments sells for $8.50 and is 
available from Ham Radio's Com- 
munications Bookstore, Greenville, 
New Hampshire 03048; order BB-AF. 

flex-i-pa k 
instrument case 

A flexible instument housing 
system has just been designed by the 
Buckeye Stamping Company of Col- 
umbus, Ohio. This case, tradenamed 
Flex-i-pak, is supplied in a basic 
unitlframe configuration with a vari- 
ty of chassis and brackets to choose 
from. This allows custom designing 
of prototype units at a minimum cost, 
without tooling. It's also a sturdy, 
economical case for production run 
equipment. 

Since Flex-i-pak extrusions, 
brackets, and panels contain a pat- 
tern of holes on 112 inch (12.5cm) 
centers, an almost infinite number of 
configurations is possible. Card 
guides may be installed spaced for 
popular connector lengths. 

The basic case features vinyl 
covered top and bottom, with side 
rails and perimeter frame of extruded 
aluminum. The standard case width 
is 17 inches (43cm) wi th 13-inch 
(33cm). 16-inch (41cm), or 20-inch 
(51cm) depths. Heights are 3-112, 
5-114. 7, 8-314. 10-112, and 12-114 
inches (8.9, 13.3, 17.8, 22.2, 26.7, 
and 31.lcm). 

For complete specifications, con- 
tact The Buckeye Stamping Com- 
pany, 555 Marion Road, Columbus, 
Ohio 43207. 

\ Western Sales and Service Center. 2020 Western Str~t. L.. h a a s .  Nevada 89102 702:382-0470 1 

84 april 1978 More Details? CHECK-OFF Page 126 



- 

HOLDER TYPES 

I 1 ix 
4 040 dl. 

HGlSlU 

lnternatlonal 
Crystal Manufacturing Co.. Inc. 

guarantees 
every crystal against defective 
materials end workmanship for 
en unlimited time, when used In 
equipment for which they were 
specifically made. 

CRYSTAL TYPES 
(GP) for "General Purpose" applications 
(CS) for "Commercial" equipment 
(HA)  for "High Accuracy'' close temperature 

tolerance requirements 
International Crystals are available from 70 
KHz to 160 MHz in a wide variety of holders. 

WRITE FOR INFORMATION 

INTERNATIONALCRYSTAL MFG. CO., INC. 
10 North Lee. Oklahoma City. Oklahoma 73102 

4051236-3741 



HIRAM PERCY MAXIM 
goes to DAYTON 

HAM RADIO 
PUBLISHING GROUP 

"Hlram Percy Maxlm" will be a featured book 
among the several hundred book tltles awalt- 
Ing you at Ham Radlo's excltlng exhlblt at the 
Dayton Hamvent~on V l s l t  the Ham Radlo Publlshlng Group's exhlbl- 
Inventor, author. technological pioneer -the t l o n  at the Dayton Hamventlon and present thls 
life story of the "Father of Amateur Radlo" coupon for a 10% dlscount on the cover prlce 
detalls thls outstanding American's unique of Hiram Percy Maxim. 
contr~butions You can use thls speclal show 
savings coupon or purchase the book dlrectly 
from HRPG for just $4.50 This coupon is good only at the Da ton 
Vls l t  Ham Radlo - and "H~ram Percy Hamvention on April 28th. 29th, and 30th. 1&3. 
Max~m" at the Dayton Hamvention 

HAM RADIO PUBLISHING GROUP 
GREENVILLE, NH 03048 

I Handymen! Hobbyists! ; 
DO-IT-YOURSELFERS! '-4 ' 
Let Kester Solder aid you in your home repalrs or hohbies. For that household 
Item that needs repairing - a radio. TV, model train, jewelry, appliances. minor 
electrical repairs, plumbing, etc. -Save money - repair it yourself. Soldering 
w ~ t h  Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go "First Class" - use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of "Soldering Simplified". 

LH KESIER SOLDER 
i Lit ton 4 2 0 1  WRIGHTWOOD A V E N U E I C H I C A G O ,  I L L I N O I S  6 0 6 3 9  
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A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal f i l ter is  stan- 
dard. Use w i t h  our CHAN. 
NELlZER or  your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952Cl1nton St.. Bullalo. N Y 14206 
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TEN-TEC 540/544-the kansceivers that almost seem 
like an extension of yourself. Following your every 
command, easily, simply - because we did our 
homework. They are designed with the same out-front 
thinking that characterizes all Ten-Tec equipment - 
super-sophisticated to make things simple for you. 

TAKE BAND CHANGING. IT'S SIMPLE! No more 
peak and dip, peak and dip. Just snap a switch and 
there you are. Anywhere you want to be, in any part 
of a band segment-and always at full efficiency without 
danger of out-of resonance damage to the final amplifier. 
Thanks to the Ten-Tec broadband design, and thanks 
to the leaders hi^ of Ten-Tec ensineers in solid-state - 
high power ~ ~ d e s i ~ n .  

FREQUENCY READOUT. IT'S SIMPLE! The 544 
has big easy-to-read numerals with significant figures in 
red .for instant recognition. No more studying a dial or 
misreading, and n o  more lag in readout - you instantly 
know where you are on the band. Even the 540  has an 
optional add-on digital readout, in case you change your 
mind later. More operating simplicity from Ten-Tec. 

THE SMART "!?'-METER. IT MAKES THINGS 
SIMPLE FOR YOU. It's electronically switched to read 
SWR when you are transmitting s o  that without throwing 
switches you know at a glance that the correct antenna is 
in use. Simple for you, exira effort for us. 

SIGNAL HANDLING OF ALL SIZES. IT'S 
SIMPLE! From the "down under" DX to the KW next 
door. the 540/544 series' dynamic range 
goes a long way in minimizing front-end overload. And 
that's important in today's growing amateur radio 
population. S o  is the 8-pole i-f filter. It gives you State- 
of-the-Art signal separation in those crowded bands 
- to make your operating simpler, more enjoyable 

SUPERIOR SPEECH QUALITY. IT'S SIMPLE! 
Ten-Tec rigs are known for their crisp articulation - the 
kind that brings compliments and satisfaction. Articulated, 
shaped speech for maximum penetration, yet smooth 
and clean, with less than 2'11 distortion to reduce fatigue 
and enhance the quality of both transmitted and received 
signals. The signal that's easy to listen to is the one 

everyone wants to work. And it's yours in the sophisti- 
cated simplicity of the 540/544. 

CW CONVERSATION. IT'S SIMPLE! The CW 
buffs used to speak in monologs. Now they carry on 
conversations, thanks to Ten-Tec'sfull break-in. It 
provides a constant window on the band to check for 
QRM, to save useless calling, to allow conversations that 
are natural, easier, and a lot more fun. And n o  more 
clattering relays! Simply sophisticated. 

FAST, EASY. LOW-COST SERVICING. IT'S 
SIMPLE! The thoughtful modular design of the 540/544 
makes any trouble-shooting simple and fast, resolving 
itself down to one of 22 circuit boards, any of which are 
readily replaced or serviced in the field! Or give the 
Ten-Tec service people a shout - they will have an 
exchange on its way to you the same day. 

But, best of all, little if any service will be needed 
because while your 540/544 is sophisticated, complex 
equipment, it also is designed to conservative ratings with 
high standards of American craftmanship. Simply durable. 
FEATURES - Instant Band Change (no xmtr. tune-up) 

Covers 3.5 to 30 MHz (plus One-Sixty with option) 200 
Wans Input - all bands Receiver Sensitivity 0.3 uV VFO 
changes less than 15 Hz per F0 after 30 min. warm-up 8-pole 
Crystal IF Filter Direct Readouts - choose LED digital model 
or 1 kHz dial model 150 Hz CW filter Offset Tuning WWV 
at 10 & 15 MHz Separate Receive Capability Automatic 
Sideband Selection. Reversible Sidetone Level and Pitch 
control Pre-Setable ALC 100% Duty Cycle S Meter and 
SWR Bridge LED indicators for ALC and OFFSET Modular 
Plug-In Circuit Boards Broad Accessory Line 

544 Digital - $869 540 Nan-digital - $699 

To make your operating simple, simply see your 
Ten-Tec dealer. or write for full details. 

1blFEN-tEc. S E V I E R V I L L E  T E N N E S S E E  37862 Nc. 

OF DESIGN 



fi TEN-TEC HEADQUARTERS I 
ENCORE! ENCORE! 

a ql: TEN-TEC'S 540 1 G O E S W !  I 
REQUEST FURTHER DETAILS 

ELECTRONIC DISTRIBUTORS, INC. 

I Communications Specialists for over39 Years 
1960 PECK STREET MUSKEGON, MICHIGAN 49441 
TELEPHONE (616) 726-3196 TELEX 22-841 1 I 

Make the best of fine equipment 
Take full advantage of the potential of fine radios with Antler. The 
famous Antler %-wave "POSI-Grip" magnetic mount . . . or the 
easy-to-install roof or trunk mount that snaps into a W hole. 

\;I,, ',:k., ; l I  
1 There's also a new snap-in "shorty" %-wave. Ideal for repeater 

: use and in-town driving with overhead obstruction problems. You 
can rely on precision engineering and craftsmanship with "made 
in U.S.A." quality. Antler . . . you can't buy a better antenna. 

'%wave antennas 

Dealers or 
write factory 
lor lechn~cal 

prlces 

MCM Mfg. Co. 16203 So. Freeway / Fort Worth. Texas 76134 / Outsf-State Orders 8001433 2524 Toll Free 
Fomign OISllibUlOn' 

EMBEE ELECTRONIC AGENCIES, Lm. Dormsvim. Onlano M3J264 WILLIAMSON PRODUCT 7OOO Slullwll 50. Wss( Garmaw 

CB General 
CB standard Communication 
2 meter Industry 
Scanners Marine VHF 
Amaleur Bands m Micro processor 

crystals 

m Scrld lir l o r  our laresl calalog 
Wrrre or phone lor more deraris 

2400 C r y s t a l  D r ~ v e  
F t  Myers. F l o r t d a  33901 

I I all phones (813) 936-2397 

Oak Hill Academy 
Amateur Radio Session 

19th 1'1,111 - ] , , I ! ,  ? I  t l t ~ , ,  :\,,21t\t 1 1 ,  1978 
Wc h:+w r t v t ~ v ~ ~ ~ l  atttr I,,~.DII~~B jnmt I 5  milts 
f n m  cnnr pn.r.vn#.i nllc. 1st  the 0 ; t k  11111 Acitd- 
mbv hftmlh elf \\'il\cln. Vnrcin8.8. 
~~~r'~~~c~,n~~,n<atnt~<~~n\ nre ntm. thr finest one 
I h I 61111es 111 :a 11r.tutiftal Dnrm 
r l t h  h;ath tlsr v h h  fcsutr sltwlent\. L w r l y  spa- 
E I I ~ I I P  I<nl>h? nncl linc r ~ n ; t t i c u t  nwrn i n  thr 
Iowrr Irv-.I 01 the cl<,mt. 
0.11 11~11 r \ r ; t d r ~ ~ ~ y  in the Appnlnchinn hlo~ln- 
t;tnnr 01 Vnwini.~ t ~ R r s  :an intensive two wwk 
Rndio S c s ~ ~ z ~ n  I"  cud^ itnd thwr? strrtinc ill 
. . . . . . . . . . . 
i;xl,ert instrfi~rtc~rr. somr nl whom have hcrn 
,VB the qtitfl for the I>RS~ I X  yenn are the 
siune. Only thr  I~ , r . t t i~~n h;n I,vru chanevd. 
(:l<nrr itsrc,r,intmt,n with fcllt,w nm;stcen o1Ft.n 
an <q>pt)rlunity fur Snlumtie,n Lr.tm~nl! 111t~t 
h;lr hers vrrv ~UV~PSIIIII smce it5 c~sn~t.t>tior~. I 

I Sctvir-'.< tq>cr.adc tc3 (:vncr;tl. Tcrhv 11, (:mtrnl 
h A'lv;tnrrcl. and A~lv.~ncr.rl hrrr,mr I<rtrar. 
(;<,I1 ~,rivilvcer. mnc>rss~l: O I I  the 9t.w I(mvr.r & I 

I C. L. PETERS. K4ONJ. Director, ; 
I Oak Hi l l  Academy Amateur Radao Session I 
I Mouth of W~lson. V~ rg~nsa  24363 I 
I ; Name c a l l  I 

I 
I Address I 

I Ci ty lSta te lZ Ip  
I 
I 

t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - !  
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SUBSCRIBE NOW 
TO AMATEUR RADIO'S 
JAM-PACKED TECHNICAL 
MAGAZINE 
Yes, HAM RADIO, I'll take you up on your offer, 
let me save up to 45% off the newsstand cost. YOURS Send me my FREE biography of Hiram Percy 

FREE! Maxim and start my subscription with the next 
available issue. I understand I may cancel my 
subscription at any time and receive a refund for all 
undelivered copies and the book is mine to keep in 
any case. 

SAVE UP TO $24 
OFF THE NEWSSTAND PRICE. 
p - - ~ - ~ ~ ~ - o ~ - ~ D - w - -  7 

- ~ i r a m  Percy Maxim'' is the life-raga i ham 1 Year . . 12 issues. . $12.00 
of the fascinating American who 

i 
contributed more to Amateur Radio I radio 2 Years. .24 issues. . $22.00 1 
than any other individual. This unique 3 Years. .36 issues. . $30.00 

1U5 onlvl 
story documents Maxim's accomplish- 1 G R E E N V I  LLE, N H 03048 
rnents as  an inventor, author and G New G Renew I 
pioneer in many fields during an era 1 C Master Charge U Visa (BankAmericard) Check or MO Enclosed I 
of unprecedented technological 
progress. Includes fascinating excerpts 1 No. Exp. D a t e  Bank 

IMC only1 
from Maxim's "The Old Man" Call 

I 
editorials that appeared in early issues 

1 Name 

of QST. This $4.50 value. yours 
I 

FREE by subscribing now. I Address 
City S t a t e  Zip 

I 
( Please allow 4-6 w e k r  lor Orrl b.ue lo anlve I 

More Details? CHECK-OFF Page 126 april 1978 89 



nh b r l l o l h  t lpcrr  tuns n 
g r c n t  r a r t l l q u n k r  f o r  
t l rc  At igrb o f  tllr Xn rh  
h r s r ~ t t h r h  f r o t i i  @mu- 
r t t ,  ntth rnttirntth r o l l r h  

11arlz t l l r  :itottr f ro t i t  t l l c  hoor. 
31th t IIC Alcgcl sn ih  t o  tllr taottxrtt, 

"3rnr ttot, fo r  I. I t t tom t l t n t  g r  errlc 
Rcstts t i ~ l l n  mns r r t t r i f i r h .  Gr i s  t rot  
Ilrrr; f o r  Ilr i s  r i s r t t  ns Ilr snih. Qotttc 

i 

' I :  

&Ilrlt t l p r  r l r u c ~ t  h i s r i p l cs  t t t r t i t  t o  1 '  
b in l i l rc. .  . ntth lu l l r t t  t l t c g  entit Ip i t t t  ; ,  

t l l r g  mors l l i pp rh  Il i l t t: l t t t t  s o ~ t i r  1 1 
h o t t h t r h .  A t t h  8r4114 r n t t t r  ntih i 
spolcr t o  t l y r t t i  sngitig. "A11 pott t r r  
i s  g i ~ t r l t  t o  t t i r  it1 Grnitr~t ntth i t t  

~ 
cnr t l l .  60 gc t l l r r r f o r r  nlth trnrlr 
n l l  t in t io t ts  h n p t i r i t t g  t l l r t t t  i t t  t l ~ r  , 

t t a t t i r  o f  tllr Rn t l l r r ,  gott n l i h  G o l g  ~ 
Sp i r i t .  ntih lo, I. ntil t u i t l l  gott nl- 

1 
titags. ritrtl t o  t l l c  c t i h  o f  t l l c  titorlh." 

- ~ n t t l l r t u  2 8 ,  2-20 ' '  I 
I I 

Y 

We would like to share the message 2100 Enterprise Parkway 
and joy of Christ risen this Easter. lw~nstxlrg. Ohio 44087 

Rodlo Co . Inc (216)425-3173 . . 

- 6 
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~EOPLE WHO KNOW QUALIT+ 
AND NEED RELIABILITY 
(Military, industry, RCC's) Demand 

Pipo Communications For Trouble Free 
Touch Tone Encoders - 

See You 
At 

'4 
DAYTON 

PP-2 

WANT TO KNOW WHY? 
Send for Descriptive Brochure and Complete Dealers List 

P.O. Box 3435, Dept. B, Hollywood. CA 90028 

7 

Radio 
Amateurs 
Reference 

Library 

WORLD PREFIX MAP - Full color. 40" r 28". 
r h o q s  ~rr l lxer  on each country . . . DX zones. 
time zones. c~l ies.  cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF 
THE WORLO - from the center of the United 
States' Fu l l  color. 30' r 25".  l ~ r tong  Great Clr- 
cle bearongr an degrees tor slr malor U.S citles: 
Boston. Wash#ngton. D.C.. Miam,. Seattle. San 
Franc8rco R Lo% Angeler. f 1.25 

RADIO AMATEURS MAP OF NORTH AMERICA1 
Full color. 30" x 75" - ~ncludes Central Amer 

and the Caribbean lo  the equator, rhowdng 
call areas. zone baundartcr. prefixes and tlmc 
zones. FCC frequency chart. plus useful ~nfarma. 
t ~ o n  on each of the 50 U n ~ l e d  Stater and other 
Countries $1.25 

WORLO ATLAS - Only allas compiled for rsdlo 
dfnateur.. Packsd with world-wfde ~nformat lon 
- ~ncludes I I maps. in 4 colors wbth zone 
boundsrles and country pref8ier on each map. 
Also includes a polar pro~cctnon map of the 
world PIUS a map of the Antarctica - a com. 
plete set of maps of the world. 20 pages Size 
8%' '  r 12" $2.50 

order direct 



Frequency Schemes Available: 
licotions where space permits. .. - *Lineor Converter for SSB, CW, FM, ctc. VX2-4 28-30 144-146 r Otherfrequency 

* A  fraction of  the p i c e  of other units VX2-5 28-29 = 145-146 [; ranger available 
01-1/2 x 3" *Covemony 4 MHz bond 012 Vdc *2W p.e.p. output with 5 M W  of drive VX2-6 26-28 = 144-146 " on special order 

*Ideal for OSCAR .Diode protection *2MB gain * U w  low power lop on exciter or attcnuotor pad 

MODEL RANGE *Easy to a l iw  with built-in test points 2M LINEAR POWER AMPLIFIERS: 
W-LO 26-88 MHz VX2-( ) TRANSVERTER KIT $59.95 LPA 2-15 K i t  I 5  W p.e.p. Sb9.95 
W-HI 88-172 MHz A25 Optknol Cabine?for XverterLPA $20 
P9-220 172-230 MHz 
PI4 Wired Give exact bond 

MODEL RANGE 
SSB, CW,& F M  activity on your present HF receiver. 

P8-LO 20-83 MHz 
P8-HI 83-190 MHz either one 
P8-220 220-230 MHz 
P16 Wired Give  exoct band -ONLY $34.95 

including crystal 
PI5 Kit $18.95 
P35 Wimd $34.95 
.Covers ony 6 MHz bond i n  
UHF ronge of 380-520 MHz 
020  dB gain *Low noise v ?  

M X  RF RANGE (MHz) I-F RANGE M X  
RF RANGE (MHz) I-F RANGE 

C145 145-147 (OSCAR) 28-30 

I J ~ I I L I ~  LJI ~ V L J R  ur:v.i C.I A X  roi: O,(.AR C\*I C146 146-148 28-30 
O!'IRATIQN, FM RtPEATLRS, CONTROL LINK5 C l  I 0  Aircmft 28-30 ....................................... 
.t.rofrrsionol bund ing Audio *Free o! Spurs C220 220 bond 28-30 

Speciol Other i-f 4 r f  mnges ovoilable A9  Extruded Alum Cow/Connectorr $12.95 
.Completely Stable *Built-in Terting Aids 

40 PAGE CATALOG IS YOURS FOR THE ASKING! 

+ MORL SLNSITI'JE *MiiRl. SELECIIVE 170 or 100 dB1 

140 ll Channel 200 M W  Exciter Kit for 2 M  or GRADE OESIGN 

6M bond 539.95 
+ EASY TO ALIGN WITH BUILT-IN TEST CKTS O C A L L  OR W R I T E  NOW FOR FREE ........................... + LOWER OVERALL COST THAN EVER BEFORE C A T A L O G  O R  T O  P L A C E  O R D E R 1  

720 Triplsr/briver Kit. Use with 740 for opra t ion  ............. on 432-450 MHz band.. 119.95 Q P H O N E  7 1 6 - 6 6 3 - 9 2 5 4 .  (Anmering 
service evenings ond weekends for your con- 
venience. Pervrnol service 9-5eartem time.) 

Q ~ r e  c r e d i t  c a r d ,  c.o.d., c h e c k ,  m.0 .  

O ~ d d  $ 2 . 0 0  s h i p p i n g  & h a n d l i n g .  
R70 6-channel VHF Receiver K i t  for 2M, 6M, IOM, .......... 220 MHz, or com'l bonds.. $69.95 IN CANADA, send to Comtec; 5605 Westlvke Ave; 

r r r T r r l rVl?T-,-TT' Montreal, Que H4W 2N3 or phone 514-482-2640. 

T8O RF POWER AMPLIFIER MODULES FOR ABOVE 
* N o  tuning oVSWR Protected *Wired and Tested 
*Rated for Continuous Duty - Great for Repeaters 

180-156 140-175 MHz, 20-25W output 99 .95  R W  UHF Receiver K i t  lor ony 2 MHI arqment of ............... 780-450. 430-470 MHz, 13-15W output $79.95 380-520 MHz bond.. 589.95 



1 @.POLE 350-HI FILTER FOR StGNALlONE TRANSCEIVERS $120.00 &f & ? d o r ~ !  

Finally I Superior 8-Pole CW Selectivity for 
Drake T R 4 ,  TR4C,  T R 4  Cw 
1M M I  at - ..1. RIO YE n - - cm OOu Ua. MI- - - P nnr h - ~tten'twn: 
T R ~ C I  I*- U YL1 " I  -1 - m. m - Ms .c - - CPJaDn Stmm hn. 
m-U.,,.l.,, ,,om -8 w 3 -  
At Last! Superior 8-Pole CW Selectivity for 
Kenwood TS-820 

-fi P? 
HINl~li Lo= 1 W  51 1 ti"Do IIOWALO.NO~SE. aa H. s! aa. H. rn a. All f i l ters cmta~n 
C,, , .  <>nu M".. n r l . . .  I*." " O I C  S O *  P lllrn In* I. tm H, n -. 

lao M. ., do* a ,.a* llmm specially-treated hgh-Q crystals. 
600 Hz 6-Pole First-IF Filter for Drake R 4 C  Shffwood GlghdngkK. 

m .",,.,*. *ln,*,* tllrnrn,. <a n n n , W M m , "  I . l r ,*uh,h . ,  
UI m. Imcma. =ad tr ~m~~ wl*r*n I*. mm of .tnq .F.,,-.M~ 1268 South Ogden St. 
rnb m,.., yy.w,",.rmYI.,,m-* ~" l l l , , . l lO"  rnth,,. ..,, l,l.lll,l.ndou. 
C ' b m i O  -" t. ",",.",* ," ,h+ IE.i". .nd ,.I.. , * l C l r (  m 7.9." I* n... -I,,- 

Denver. Colo. 80210 
CTIU)I  m m  r~.~.l,..,lcn~,t smm (303) 722-2257 
125 Hz 8-Pole Second-IF Filter for Drake R 4 C  Money back 11 n o t  satisfied 
11111 . * M I  .urnl.l ,m*,., - rn.,IC""(P" l b l l o . D X . d M , . ) ( O . L  Y..d*. 
"w. <,am I- .%I, ,,-. UI" In, u.ul,s 1.1." - * Ym , d r r , -  tu, .un,o 

M d  $3 mr order rhlp~lnp, 

I1I.,. PUS. "illln,, ," ACC mo U",,.. ",,h d," (ill",. ,.0,". .in "0, -- w S6 o w n  a8r 
~a - 

0s" ."l.d ".IW ".I -,. -,i ,"In., .ur,Q ?,I,.. I. I-"",-, 1, ,",l".""ne. miries- 1 Rud"nl* ,"la." lil," - . Z t  , M U  .C cr , l l R  ,,mm 

I OSCARBOX "J" 
Dual frequency rece iv~ng Model 
J. down converter for reception of 
the new Oscar 8 satellite. 
Use your Mode A receiver for Mode 
J. 435.1-2 converts to 29.4-5 
432.0 converts to 28.0 by use of front 
panel selector switch for normal 432 
rece~tion caoabilitv. 

- 
SO 239 inpyt. RCA output. $99.95 

I 
SPECIFICATIONS:. Type N input. BNC output. 
NF 3 dB Nominal. Conversion Gain 27 BNC input. BNC output. 
dB. Nominal. Power required: 11 to Don't forget Lunar's Preamplifier line 
14 volts DC. 50 mil amps nominal. includes the Model PA-28 which will 
Available with three connector con. add new life to your Mode A receiver. 
figurations: $34.95 

I 
In Line Switching PREAMPLIFIERS -, 

Newest addition to the preamplifier 
line from Lunar 
In Line RF Actuated PREAMPLIFIER 
For use external to  your transceiver. 
Same h ~ g h  qual i ty  as al l  Lunar preamplifiers. BNC input. BNC output. 

Available lor 28 through 220 MHz Bands. Maxi. Additional models available soon. $49.95 
mum allowable input: 25 watts. Small, compact. Also new from Lunar: 

Cunnector confi~urations available include: PREAMPLIFIER PAE432-4. 

I 
OtlltR$ .. . 1 .  . :.il#:,,,., I l l i s  iirrsi1, in,,,. I,, ,ill. , . i1.m .I,*,, 8 ,  # ,,,,.. '< ! 18 I I : 8 ,,,,I,?,,, < ? ? '  :.I,,,,, L4,', ,:,, ' I , :  ' , ',, 
i .,;. I I,., I i y  I. rlirsu,. rlna~,,,,,, CA,~:XOI . R,,,I.$~ S . , I ~  n,,*~,,t b q , .  HL,,!,,,~,,,,~ 1t. LIIIII, . t n , ~  IN,O,O \ ( U ~ I ? ,  1 ,  ' :  v,, I ,~,Y 

:.!. . l ~ , , m a r ,  Rew6~ L A ' * l < , 5 .  Inv Io  Rad#,# 1055 l#bcrty S~IPO! Hlvd Van N > t n  1 A  "1,l 3 !  . ,mhn A \ b n  Rill I 8,1wl#n< l;r?en UO t#l,<4 
l n ~ ~ \ u n u ~ ~ l ~ ~  I I  <'!fib . H~rihlni liritronnr. 7'088 Magn;llta Arrnur. . l lrnli  Rad.1 HuII.I MO td : l l  . l ln l~r~al  Amntrul Radio lili 1280 
Ru,thdsk C A  qlllii.. C W Ilsr!lonlri 18618 r 4  I'lnhrno Narlhrl6~1, Alda Drne Rlrnolhbury Ohst 
Ce. 1.6 Ikanns Havet K G  nnlnthaiili~hr Y Posllarh :!Mi 86 Rarnb~le In, ddnbuloo: Arnol~f~en Wrl. 787 SlDaln (hnt. Slml Hlh.  U 
mrt G r r n l a n ~ .  Inuna [lvlronn Room ?ORi661 Georll Slie.1 s~Oo.r. 97n65. Panarnrt8rana ar Cornmun~ar8one~ C A .  P O  Bar 16093 Curls 
New Sot,l.I Wdln Lu(tfalla .Hobby All 1 4  C O U ~ ~ R  Club Raad Notxalll. Vrnrturla . la01 Cuamunral#anr Route 3. MI Amr. MO 7 i l l l  . Slrda 
CN OM' I . Hndlo Wen. 3411 Pun! Road, [Wondldo Cd 920?5 .Germans Camrnun#cal#onr 27 Rarnmtadm Road, Cataane. L75 4 UG. U I . Radlas 
Lnpls h C L ,A" rrtnno do Masalhaer. 860 Pona Ponvsal. O P ilerllonr Unl%nl#led.86 Hnlch Armut P#aala.n8V NI OORY .bachrAuto Machtnc 
Borliniert8 1 Rraehnul 4800 Nrkohlnr I 1  Iltnrnnll . C 6 C Indu?lrn 8825 N Ctnlral Phorntx A i  FSII::'. C Cnmm 6115 15th Are N W 
l o i o  P& stIeC1: rma~dln TX ~ 1 0 4 ' :  Spatmn,cr. Inc. 1003 Ca~Peld Stanle.W.9RlOl 
strret  rn,cas. II sa.104 . W~II ca shops. I R C ,  l o o  BIUII v w  or~vc H ~ I  
latre Rlvn, 11 3WO . lwccd k m e i e l .  Ini . 1605 Bteh Sullr (; $1 
Paw 11 '9925. Henn, Rada I1740 W Olym~r Blvd La Ln~rlrr U 
9nn61 . sonnevr saw co. l o ?  s 18kt Streel 8n~eu8lla. Ms a1129 . 
S r r ~ o  tlritronrr. 314 Leo St!rtl. Oagan. Ohm 45404 . Ihe Yall Shop. 
1111 Hlldil Slract. Olr~on DIy. OR 911115 . Multyphart IIeBlonln. I16 
Haddnn Avenue. Call~nllrood. NI ORIOR . Spartrvin Internallonal. Inr 
P O  Baz llRI Dnio!d MA 01142. Mon! llarlron~rr 1515 Car?, Sprmgr 
Road L8ltl. Roll A R  l i ' ?OV.  Gnvgel Crorc I Ill Cormn Stlad Lanr~ng 
MI 48PIO. M lmn 2111 lcle~raph Avc .  Olhland CA 94609. C brnm 
6115 I5lhAr~ NW Sealtk,W~RIOl.PAC[. 1120WWlnare. tucran. 
A1 85105. iruluon Commun~ialionr. 5915 n Mtl*auitc Avt, Chxago. 
11 60h46 . Rlllafre tlerlronrr. 5 ? i a  B~llnre Blud. 81llane lX 114Ol 

MakslModsl 

Yaesu FT.tOt Ser~es 

Yaesu FA-101. FT-301. 

Drake R-4C. TR-4C 

Tempo 2020. elc . 

Your FT-101 should have thls control. l lke Ihe 
others. to Improve CW/SSB receptton under d t~ l t cu~ t  
cond~lfons. Our new kl l  makes 11 easy and Inexpen- 
stve NO holes to drltl, only two soldered connecllons 
lo r ~ g .  complete easy-lo-lollow Instructtons Includes 
all parts - even solder' 

US 6 CANADA. 
OVERSEAS ADD S l .  

A n o t h e r  w i n n i n g  idea from the 
International Fox Tango  Club. 

M o n e y  back guarantee.  

FT ACCESSORIES 
DIVISION OF FOXTANGO CORPORATION 

REGULAR 551.50  VALUE, NOW ONLY $ 3 5 9 5  1. 

MODEL 12751 - connec ts  ~n ttne 
be tween mac. a n d  t r a n s m i t t e r  r e q u i r i n g  
no r n o d i f i c a t ~ o n  t o  t ransce ive r  auto. 
matnc 1 t o  1 0  min.  t i m e r  5 to 4 0  w p m  
ad jus tab le  code  speed  bu l l t - i n  sque lch  
t a l l  a u t o  or m a n u a l  m o d e s  idea l  f o r  
repea te rs  5" x 7" PCB a n d  2O.page 
manua l .  

FACTORY PROGRAMMED 
MEMORY lDer KITS 

MODEL 11764 - semi-auto.  MCW tDer  
ad jus tab le  aud io  leve l  p r o g r a m m a b l e  

code  speed,  t o n e  a n d  rqpea t  in te rva l  
1.7" x 3" PCB. $29.95/kit 

MODEL 97710 - m a n u a l  C W  l D e r  
p r o g r a m m a b l e  c o d e  speed  10s u p o n  
reques t  idea l  f o r  con tes t ing  or re. 
pea ted  messages  1.5" x 2.2" PCB. 
$24.95/kit '  

MODEL 11765 - beacon C W  lOer  
p r o g r a m m a b l e  code  speed  g r e a t  for 
1750.rneter b a n d  1.3" x 2"  PCB. 
$19 95 /k i te  
(addi t ional  pre-programmed memory elements 
ava~ lab le )  

"Include S3 shpg/hdlg., 15 foreign. CA nr. add 

6% tax. COD5 accepted. Send check or MO, allow 

3 w k s  on personal 

checks. Write for ad- 1 SECURITRON GO. 
ditional information P. O. 24899 
Phone (4081 294-8383 Ca 95154 



THE FIRST NAME IN AMATEUR "HAND-HELD" RADIOS 

I 
2-METER HAND-HELD RADIOS 1-1 '1 1402S.M 1' 1405SM 

Three top-performing, pocket-size 

FAMOUS Mark  II & Mark  IV 144- 148 MHz radios. Six-channel - - - - - - - . . - - . - . . -. - - -. . ...~ .. - - -  --.-ti,-.n Inrlit,irlt,al trimm~lrr: nn 

r 
Wilson 
Electronics 
Gorp. 

....... ... Z - M t  TEH HAND-HELDS I I L'-"Wa" $3aa95 ",,-='"""". """""' 

n b l n . i n  TY /RY rrvstak mirrnswitch 

\ 

SPECTRONICS, IN=. 
1009 Garfield St.. Oak Park, l l l lnoh - 60304 

(312) 848-6777 
i 

. Built-in Mlcroswltch Speaker-Mike 
6-Channel Operation Flex Antenna 

Wilson's Mark I1 and Mark IV-the smallest size hand-held two- 
meter transceivers ever marketed. These high-performing. 
high-quality. American-made radios are designed for the Ama- 
teur who demands the ultimate in dependability, durability. 
ease of servicing-and value. Both models feature excellent 
adjacent channel selectivity and intermod,'image rejection (60 
dB). Individual trimmers on all TX/RX crystals. Microswitch 
control of Transmit/Receive. Can be modifled for MARS or 
CAP operation. Easily accessible circuitry for simplified servic- 
ing Powered by inexpensive rechargeable NI-Cad battery 
pack. Includes rubber flex antenna and one pair of crystals 
(146.52/.52 MHz). BNC type antenna connector. Attractive 
and rugged blue-gray Lexan" outer case. Double conversion 
receiver with sensitivity of 0.3 uV or less for 20 dB qu~eting. 
Freq. Range: 144-1 48 MHz. Size: 6" x 1.77" x 2.44". We~ght: 
1 Ib. 

. . . . . . . . . . .  Wilson Mark 11. 2 5-watt RF output. 5219.95 
Wilson Mark IV. 4-watt RF otllput . . . . . . .  $249.95 

ACCESSORIES 

. . . . . . . . .  Model BC-2 Desk Battery Charger. '4 Ib. 539.95 
Model BP-4 Rechargeable Battery Pack. ' 4  lb.. . . . .  520.95 

. . . . . .  Model LC-3 Leather Carrying Case. 1 Ib. .518.95 
. . . . . . . . . . . . .  Model SM-3 Speaker Mike. Wt. 1 Ib. $30.95 

Model TTP Auto Patch Pad. Factory installed at time of pur. 
. . . . . . . . . . . . . . . .  chase only Add to price 01 radio. .561.95 

i 

PRICES AND SPEClFlCA 

,,."y ....,....,. ".,......-., 
TXIRX control. Rubber flex antenna. 
Powered by rechargeable Ni-Cad 
battery pack. With 146.52/.52 MHz 
crystals. 8.7/8x2Uxl-13/16". 1 % 
Ibs. 
Model 1402SM. Delivers 2.5-watt 
RF output. . . . . . . . . . . . .  ,5229.95 
Model 1405SM. Switchable 1 or 5 

. . . . . . . . . .  watt RF output 5299.95 
. . .  Model 1407SM. 7 - W . .  $349.95 

UHF HAND-HELDS 
Same construction as above. 
Model 2202SM. 1 / 2 5  watt. With 
223 50: 50  xtals. . . . . . . .  5249.95 
Model 4502SM. 1 / 1 .a-watt Wllh 

. . . . . .  446.00/ 00  xtals. ,5389.00 

ACCESSORIES 
Model BP-1 Rechargeable Battery Pack. 
Fa 1402/1405 118.95 
Model BP-7Rech~rgeableBattery Pack. 
For 1407SM 124.95 
Model BC-1 Desk Battery Charger. 1 I 0  
VAC Wt 1 Ib S40.95 
Model BC-12 Ctgmrette Lighter Mcblle 
Power Plug . . .  514.95 
Model LC-1 Leather Carrylng Case. For 
1402SM 118.95 
Model LC-2 Leather Carrylng Case. Fw 
othcrs above $18.95 
SM-2 Speaker MIke $30.95 
Model lTP Auto Patch Pad. Factory In. 
slnllrd only 181.95 
Model 81-2 Battery Tray. Brown. lor 
1402SM $7.95 
Model 01-3 Battery Tray. Black, fw 
I402 1405 2202 4502 $7.95 

I MOBILEIPORTABLE 2-METER 800-CHANNEL SYNTHESIZED RADIO 

-. - Model WE-800 

4 Alt.purpose 2-meter rig operates on 800 
channels from 144.000 to 147.995 MHz 
in 5 kHz steps-up or down 600 kHz for 
local repeater. Provision for pre-program- 
mlng five frequencies or changing to two 

LL opt~onal offsets. Detachable rubber flex 
antenna. S-meter/output indicator With 
plug-in speakermike, mobile bracket " 

handle. Powered by 13.6 VDC negative 

1 or 12 Watt RF Output ground, takes optlonal rechargeable bat- 

800 Channels In  5 kHz Steps tery pack 8'. x 6=. x 1.7 8 WI 3 Ibs 
Base/Moblle/Portable Model WE-800. 5459.00 

TlONS SUBJECT TO CHANGE WITHOUT NOTICE 



loooo ELECTRONICS ' 
- See You 

7100 COUNTER at the rFwl -- Dayton @ i i r  Show 
?I*.'# ,,,,-, - - 

I. ,~~~,~ I .~ I  l1urp1>.,, i , , i t  I , I \ (  ( tlunter W~thoul lhr Sacr~tlce 01 Hdr~c Prrlormance 
"Check the features we lhave that some other low cost counters don't have." 

-All Metal Cabinet Sensit#v8ty<lO MV *Completely Auto Decimal Point 
-8 Digil.4" LEO Oisolay *115V or 12V Operation *Sslectlbls GatsTlmss I1  M (I .1 %I 
*Input Cable Included *Push Button Control3 I .State ot the Art LSI ClrcuiIrv 
e12V lnpuf Jack *Gate Light CIYIC~I Tame Base I1 opm after cel l  

7208K 600 MHz K i t . .  . . $149.95 72084 Assembled.. . . $199.95 
OPTIONS.. . . 
011 Portable w/Nl-Cad Battery (Built-in Chargsrl . . . . . . . . . ,939.95 
02) Crystal Oven (1  om! 0 to 60°CI $37 95 03) Handlm . . $5 00 

\ [[~l!lRUR! DAVIS E n c n o N l c s  as sheridan or..Tcmawanaa, NY MIVJ , ~ s ; ~ i b ~ ~ s  ) 
h 

QUALITY KENWOOD TRANSCEIVERS 
. . .  from KLAUS RADIO 

The TS02OS Is the r ig  that is the 
talk of the Ham Bands. Too many 
bullt.in features t o  list here. What 
a r ig  and only $1098.00 ppd. in  
U.S.A. Many accessories an, also 
available t o  increase your oper. 
ating pleasure and station ver. 
satllity. 

160-10M TRANSCEIVER 

Super 2-meter operating capability 
is yours w ~ t h  thfs ultimate design. 
Operates al l  modes: SSB (upper 
& lower). FM. AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& relaability that Is Inherent in 

TS.700S Kenwood equipment is yours for 
2M TRANSCEIVER only $729.00 ppd. i n  U.S.A. 

Guess which transceiver has made 
the Kenwood name near and dear 
t o  Amateur operators, probably 
more than any other piece of 
equipment? That's right, the TS. 
520s. Reliability is the name of 
this r ig  in capital letters. 80 thru 
10 meters with many, many built. 
in  features for only $739.00 ppd. 
in  U.S.A. 80-10M TRANSCEIVER 

This brand new mobile transceiver 
(TR.7400A) with the astonishing 
price tag  is causing quite a com. 
motion. Two meters with 25W or 
10W output (selectable), digital 
read-out. 144 through 148 MHz 
and 800 channels are some of the 
features that make this such a 

TR.74WA great buy at $399.00 ppd. in  U.S.A. 
2M MOBILE TRANSCEIVER 

Send SASE NOW for detailed info on these systems as well as on  many other fine 
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateun at Klaus Radio are here to assist you in  the selection of the optimum 
unit to fullfi l l your needs. 

IILAUS RADIO I", 
8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE - Phone 309-691-4840 

COLLINS & MORE 

Ham Gear 
Colllns 18OS1. Antenna tuner $325 
Collins 30L1. Linear amp. $595 
Collins 31284. Sta. Cntl., rd.. exc. $250 
Collins 31285. Vfo Console, vy g d  $550 
Col l~ns 31285, Vfo Console, new. orlg. box 

$795 
Collins 3253, Transmitter. rnd.. erc. $895 
Collins MP-I. DC supply, new $175 
Collins A-388/51J3, rcvr.. vy gd  $425 
Collins 7553. Ham receiver, vy gd  $425 
Collins 75536. Ham receiver. vy d $695 
Collins 75A4. Ham receiver, vy g a  $425 
Collins 51S1. 2-30MHz rcvr Special 
Hammarlund SP-6OOJX. .550MHz rcwr 

$395 
Collins CP-I Crystal Pack $195 
Johnson KW Matchbox, w/SWR meter $225 
Nalional NCL 2000, Linear amp.. vy gd  

$550 
Racal 6217E 5.30MHz receiver Special 
New R390A';eceivers available. Call for 
quote. 

Test Gear 
HP-302A Wave Analyzer $495 
HP RM 608D. 10-420MHz slg. gen. $595 
Measurements Model 658. LF slg. gen. 

$365 
Measurements Model 80. 2400  MHz sig. 
gen. $350 
Tektmnix 58% scope. 8OMHz bandwidth 

$595 

We stock good, used equipment from Collins 
Drake, Healh and other manufncturtrr. ~undrcd; 
01 tcrl llems also available. Call for specific re. 
qulremenls, w 

write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201-9984256 

10 SCHUYLER AVENUE 
NORTH ARLINGTON. N. J. 07032 
- 

All equipment sold checked 
and realigned 

b 

PCP' T+JPE:fl LY;::~ 

SEE POPULAR ELECTRONICS 
FEB '78 ISSUE! 

I 
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Small Pkg. 6pcs 4x6 $5.49 
Med.Pkg. 4pcs 6x9 $6.95 
Large Pkg. 3pcs 9x12 $7.95 

1 
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mf engineering 

PSm25M P~wer Supply 

Weighs about 10 Ibs. less than the PS-25M 
($12.63 per lb.) . . . . . . $139.00 

PS-25M - 21 Ib. 

25 Amp regulated power supply with fold back current limiting, over voltage 
and transient protection. Also, output voltage and current meters. 

You might find a cheaper power Compare VHF Engineering's quality and specifications. 

supply, but you can't find one as FEATURES SPECIFICATIONS 
well bui It with top quality com- over-voltage protection crowbar. Voltage ou tpu t :  

other power supplies Electrostatic shield for added transient adiustable between 10-15V 
surge protection. Load Regulation: 

with lighter weight transformers A foldback output  l imiter operates for 2% f rom no  load t o  2 0  amps 
loads outside of the operating range. Current Output: 

and Components are no match for Isolation f rom ground. The circuit is 25  amps intermittent 

the VHF Engineering PS-25M. isolated f rom the case and ground. (50% duty cycle) 
11 5/220 vol t  Input - 50160 cycle. 14 amps continuous 

It is rated at 14 amps continuous un i ts  are factory wired for  110 vo l t  AC. Ripple: 

duty (not 10 amps). This power 50160 cycle power. A simple jumper w i l l  50 m V  s t  2 0  amps 
reconfigure the input  for 220 volt AC, Weight: 

means extra dependability and 50160 CVCIES. 25  pounds 
Temperature ranpaoperating 0 t o  +55 C. Size: 

versatility when you need it. Black anodized alumintlm finish. 12%" x 6%" x 7%" 

DIVISION DIVISION OF BROWNIAN ELECTRONICS COUP. 

320 WATER STREET / BINGHAMTON, NEW YOR K 13901 / PHONE 607-723-9574 
F.O.B. Binghamton / Prices and specificstions rubiact t o  change wi thout  notice. / Export  prices slightly higher. 

More Details? CHECK-OFF Page 126 april 1918 GP 95 



OSCAR ANTENNAS 
A144-IOT 145 MHz 10 El. Twist $34.95 
A432.20T 430-496 MHz 20 El. Twkt $49.95 
A14T-MB Twtst Room & Bracket - $ I 5 2  

Total List Price $108.85 
OUR PRICE $94.95 

RING0 RANGER for FM 
ARX 2 135-170 MHz YOUR CHOICE Move those 220 and 430 MHz signals 
ARX 220 220.225 MHz $30.00 
ARX 450 435.450 MHz Del~v.,rc,<l I I I  USA 

inandout with thequality youdeserve. 
R ~ R  I.,,I sr: 9s A Cushcraft antenna from G.R. 

Whitehouse & Co. 
Make Meters all lhe lun you had hoped A220.7 220.225 MHz 7 El, . . . . . $21.95 
for.. . put more signal into the other guy's ,4220.11 220.225 M H ~  11 ~ 1 .  . . . . . $27.95 

A220-20 220-225 MHz 22 El. . . . . . $74.95 
ATM-24D 220-225 MHz Four Pole.. $57.95 

A147-22 146.148 MHz 22 El. Yagl . . . . W.95 CUSHCRAFT HF AMENNAS AFM-4D 344.148 MHz Four Pole 

tone encoder -~ . Compatible with 

. Input 8-18 VDC 

Rugged, plastic 
encased with 

Adjustable frequency F 
(98-250 Hz). Lower 

. Excellent stability 

/ 
/ - B ~ I ~ ~ - ~ o ~ ~ ~ ~  ', 

I AVIONICS FOR 
HAM PILOTS I 

I Free catalogue describes high tech- I 1 nology, low cost avionics and test 1 
equipment offered in kit form. Product 

I line includes audio panel, aircraft band I 
two-channel transceiver, digital chro- I nometer, navigation and cornmuni- I 
cations test equlprnent, bench power I 
supply, and more. Shoot us the coupon I for details. 
Name 

I 
I Addre,, 

I 
I a. Slele- zip 

----.I-) 

/ 
I (916) ' ~ad io  Systems 
\272-220)11 Technology, Inc. - d RR 5. GRASSVALLEY.CA95945 

More Details? CHECK-OFF Page 126 







I ---. - v n u  RANDOM WIRE ANTENNA TUNER I 

S S ~  t-2 ULTRA TUNER 
Tuncs out SWR on dny coax fcd antclll1.t .I\ well d5 r.tndorn 
wires. Works great on all bands ( I  60-10 nictcrs) with any 
trantccivcr running up to 200 watts power output. 
Incrcdscs usablc bdndwidth of any antcnn.1. Tunes out SWR 
on mobilc whim from intidc your car. 
Uses toroid inductor dnd spccidlly made cdp.tcitors Tot 
small s i x :  5%" x 2%'' x 2%." Rugged, yct compact. 
Attractive bronze finished enclosure. SO-239 coax con- 
nectors arc used for transmitter input and coax fed 
antennas. Convenient binding posts arc provided for ran- 
dom wire and ground connections. 

A l l  band operation (160-10 meters) 
w i t h  any random length o f  w ~ r e .  
200 wat t  output power capa- 
b i l i ty -wi l l  work w i t h  virtually any 
transceiver. Ideal for portable or 
home operation. Great for apart- 
ments and hotel rooms-simply 
run a wire inside, ou t  a window, or 
anyplace available. Toroid induct- 
or for small size: 4-1/4" X 2 - 3 / 8  
X 3."  Built- in neon tune-up indi-  
cator. 50-239 connector. Attract- 
ive bronze finished enclosure. 

only $29.95 
THC ORIGINAL Random W~re Antenna 
Tuner. . . in use bv amateur5 for b vears , 

only $39.95 - I 
sst t-3 

IMPEDANCE 

! 
TRANSFORMER 

only 

$1 9.95 
Matches 52 ohm coax to the lower impedance of a mobile 
whip or vertical. 12 position switch with taps spread 
between 3 and 52 ohms. Broadband from 1-30 MHz. Will 
work with virtually any transceiver-300 wattoutput power 
capability. 50-239 connectors. Toroid inductor for small 
size: 2-3/4 X 2" X 2-1/4." Attractive bronze finish. 

GUARANTEE 
Al l  SST products .ire gudranleed for 1 year. In addition, they may be returned 
within 10 days tor a lull refund (less shipping) if you are not satisfied for dny 
redson. Pledse ddd 12 for shipping and handling. Calil. residents, please add sales 
tax. COD orders OK by phone. 

f - 1  t. I SST A-I I " . 

VHF AMPLIFIER KIT 
1 watt Input glves you 15 watt5 output 
across the entlre 2 meter band w~thout 
re-tt~nlng Th~s easy to build k ~ t  (approx 
1/2 hr actemblv) lncludes everything you 
need for a complete ampl~f~er A l l  top 
qualltv components Compat~ble w~th  all 
1 1 watt 2 meter transceivers 
Kit Includes 

Etched & drilled C-10 epoxy solder 
plated board 
Heat s~nk & mountlng hardware A l l  
components - lncludlng pre-wound 
coils 
Top qualrty TRW RF power transistor 
Complete assembly lnstructlons w~ th  
deta~ls on a carrler operated T/R sw~tch 

only $29.95 
$49.95 wired & tested 



Power Supply Kit 

BILLET CLCCT18NICS 
P. 0. BOX 19442 DALLAS, TEXAS 75219 

If 'its POWER you need, than look no further. The PS.14 
gives you a highly regu la ted power supply with features  

only the c o m m e r c i a l  units offer a t  a fraction of the cost. 
C o m p a r e  our specs with any o t h e r  u n i t  on t h e  market and 

. ".cm, 

.WM-"o ' r * - h l l ~ , , o . u l u l l  

: z;yy.-y,.. : :z-*zz :: cc-, 
rnowr ORDERS IZ~WIZI 12401 on YAJTIRCHARGE L VISA 

then compare our price! 
SPECS: 

YOU GET: 

Output: 11.5- 14.5 ediustabls 
H E ~ Y V  duty 12 Ih. trsnrt0rm.r 
2 l n rg  Ionned healrmnkr 

Currsnl: 15A continuous. 2OA . RCwI a,O, PC w,th .-, ..,~. 
Current part, 

Larnol' Adjustable Foldback Huqc 34.000 mld Camputter grade 

tvPc 
llll", cap. 

RIDPIC: Lcsr than 1% P 15A 
40 amps of r a r m  pa r  trans 

Requlataon: Bcctsr than 200 mdln 1.101. 

volts ftom no load to 
W v a ,  tranrtrtar mounllnq km. 

full l0Od I t n ~  c o d  

Thermal: Adluslahle thermnl shut 
down protects s e r m  - ... 

$39.95 

1 THE LAST CHANCE! 1 
THAT'S RIGHT! THE LAST CHANCE TO BUY OUR 
SUPER POPULAR MK-05 MINI MOBILE SIX DIGIT 
CLOCK KIT a t  this suoer low nrlce. T h e  resoonse has b e e n  

great but supp l ies  are s ta r t i  

Features: 

Ou.,1* crystal l~meb.ld 
Torold & Zener noov & over 
IOItng PrOIO(1IM. 
Mnqnllmed .15", 6 dtqmt LED 
I~.ld""I 
Complete wlth pms~tabls 24 hr 
.I.,.", 
9- 14 VDC €3 40 lo  50 ma. 
Rrwlovtr can hr rupp.swed 
F A S V  OUlCK ASSCMRLY' 

' All romoonents r r r r ~ u # r c l  oncladed 
IVOU I~~PPIV 1110 ~p*~!ker l .  
Top qunlaty d rd l~d  & plated 
PC Boilrdr 
Clock I,n.lrd. 2.6" i 2" 
R h o d  2 3 I V x . 7 5 "  

;o run low. soorder NOW! 

Small enough to mount 
in the ~nstrument r ~ a n e l .  

More Details? CHECK-OFF Page 126 



TECHNICAL MANUALS - send 5W stamps for 30 page 
list. Jlm Cooper, WZJC, Box 73, Paramus, NJ 07652. 

MOBILE UNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessories. Literature, Estes Engineering. 930 
Marine Dr.. Port Angeles, WA93862. 

MUST SELL. Johnson Invader 2.000 and power supply. 
Mint condition. Pickup - no shipping. $425 W8HXC. 198 
Shipherd Circle. Oberlin, Ohio44074 (216) 774-7762. 

r 
SMOKE DETECTOR 

Protect your family - 
home - and business. 

\--< These U.L. Approved, ALL 
METAL units were remov- 

ed from large apartment complex being 
torn down. 115 Volt AC input. Sensitivity 
to smoke is 2% per ft. max. Paint may 
be scratched but all units tested before 
shipment. Buy now - Don't delay 
longer. $8.95 ea. ppd. 

WANTED: 62s-1 Collins VHF Transverter. Please include 
age, condx. and price. WAlMMD Box 355, Camden, ME 
04843. 

QUAD BUILDERS - BliuardlHurricane proof your an- 
tenna. Fiberglass vaulting poles. Incredible strength. 
Guaranteed new, &for $240.00. S.A.S.E. for info. K5WSE, 
Box 20-AA. San Antonio. Texas 78201. (512) 6999260. 

RATES Non-commercial ads 106 per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

Transformer: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10  Amps intermittent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 

2N3055 xsitors TO-3 case 60c ea. 

CANADIANS 1,000,000 surplus parts. Bargains galore. 
Free catalog. Etco-HR7Box74l,Montreal, H3c 2v2. 

PORTA PAK the accessory that makes your mobile really 
portable. $67.50 and $88.00. Dealer inquires invited. P.O. 
Box 67, Somers, Wisc. 53171. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our editing). Repeat inser- 
tions of hamfest ads pay the non- 
commercial rate. 

I 12 Amp 100 Volt stud mount diodes 
75c ea. 

QUAGlNAGl BUILDERS - Insulated fiberglass booms 
to 16-feet. Straight, strong, vaulting poles. S.A.S.E. for 
info. Guaranteed new $30.00 KBWSE, Box 20-AA, San An. 
tonio, Texas 78201. (512) 6949260. COPY No special  layout or ar- 

rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
c a p i t a l s )  and must include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radio cannot check 
each a d v e r t i s e r  and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness o f  material limited to cor- 
rected ad in n e x t  available issue 

DEADLINE 15th o f  second preceding 
month. 

SEND M A T E R I A L  TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

I 6 foot AC Line Cords. 2 conductor heavy 
duty. Color white. 40c ea. ppd. PC BOARDS - Ham Radio articles. Synthesized Con- 

verter 12/77 $16.00; 2-Meter Scanner 2/78 $8.50; l lC90 
Prescaler $3.00; Capacitor Checker 4115 $3.50. Glass, 
Plated. Drilled, Instructions and Parts Source. RTC Elec- 
tronics. Box 2514. Lincoln, Nebraska68502. 

LARGE S.A.S.E. Brings list of new and used gear for 
sale. Good prices WSPOC, 725 College Way, Carmel. IN 
46032. 

WANTED - April 1977 issue of Ham Radio Magazine to 
complete collection. W7JHQ. Sam Lewbel, 10901 Sara- 
toga Circle. Sun City. Arizona 85351. 

MOTOROLA U54HHT - $195, Mocom 30 vhf $125, 
U43HHT-3100 cherry $250, HT200 hi-band $150, HT220 
hi-band $350, HT220 uhf pl remote speaker mike $350, 
H04BNC uhf pager $120. L44BBB uhf base $200. Jim 
Stephens K6UZP 714.2789632 eves. 

SCHEMATICS needed for Megason VI ultra sound in- 
strument. Model 106-5 manufactured by The Bircher Cor. 
poration, Los Angeles, CA. Contact Harold Morse, 
WSTFZ. 4025 26th Avenue. Moline, lL61265. 

ANYONE FOR CW SKED? Any Novice Frequency. QSL 
100%! Write: Dolores - W3JBD, 36 Quarter Turn Road 
West, Levittown, PA 19057. - 
BLK TEST EQUIPMENT. Free catalog. Free shipping. 
Dinosaur discounts. Spacetron-CD. 948 Prospect, Elm- 
hurst, lL60126. 

Pilot Lite - red neon 115 VAC 
pilot lite. Single hole mount. 
Hardware supplied 5Oc ea. ppd. 

M in i -Togg le .  OPDT Cut ler -  
Hammer wire-wrap terminals but 
can also be soldered. Gold plated. 
A very high quality unit. Hard- 
ware supplied. $1.50 ea. ppd. 

Computer Grade Capacitor. 5100 f i-  mfd @ 50 volts. Size: 2" dia. x 
2-1/4" high. $1.90 ea. ppd. 

COLUMBUS AMATEUR RADIO CLUB Annual Hamfest 
Aprll 89, 1978. Columbus Munic~pal Audltorlum falr 
grounds Spac~ous, air-cond~tloned exhlblt area, prlzes, 
flea market. Saturday n~ght banquet, FCC exams, and a 
luncheon at the Hamfest slte Contact Edd~e Kosobuck~, 
KIJNL, 5525 Perry Ave . Columbus, GA 31904 

Fuse Holder - Single hole 
mount 85c ea. ppd. 

Standard Binding posts. Single hole 
mount. Your choice Red or Black 25c ea. EZ does it best. Deals, that is, on Yaesu, ICOM, Drake, 

Swan, Cushcraft, Larsen, KLM, DenTron, VHF Engineer. 
ing and Wilson. For new or used gear call, see or write 
WOE, Bob Smith Electronics. 12 So. 21st St., Fort 
Dodge, Iowa 50501. (515) 5763886. 

High-gain  8 wa t t  
audio amp. 20 mV will 
drive it to 8 watts out. 
Rectifiers and filter 
cap on the board. 
Size approx. 3"  x 4"  x 3"  high. All you 
need is 24-0-24 volts ac. Of course we 
supply schematic. $3.25 ppd. 

AUTHORIZED DEALER for DenTron, KLM, Larsen. Bear. 
cat. etc.. Big Catalog 201-962.4695 Narwid Electronics. 
61 Bellot Road, Ringwood, N.J. 07456. 

MOTOROLA HT220, HT200, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 320-4439. evenings. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
5.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 

HAM RADIO HORIZONS, a super new magazine for the 
Beginner, the Novice and anyone interested in Amateur 
Radio.. .What it's all about. How to get started, The fun 
of ham radio. It's all here and just $12.00 per year. 
HURRY! HURRY! Ham Radio HORIZONS. Greenviile. NH 
03048. 

TEKTRONIX SCOPES - 543 with CA plugin. DC to 30 
MHz $425. Also585 with 80 plugin. DC to 100 MHz $475. 
Phone 215-933-8183. D. Shavney. 5 Flintlock Lane. 
Phoenixville, PA 19460 - 
DUPLEXER for sale, 6 cavity. 600 kHz spacing. 2M, per 
Jan. 1972 QST. Isolation better than 100dB. In service 5 
years. Selling: Upgraded. $250 contact Chesapeake Bay 
Radio Assn. 301-287-5211. 

SO239 Coax Fittings. . . . . . . . . 50c ea. 
PL259 Coax Fittings . . . . . . . . . 50c ea. 

88 mHy unpotted toroids 5 for $3.50 
CDE HAM X ROTORS. $249 USA. $269 any Foreign QTH 
with 2201110V external transformer supplied. W9ADN in 
any call book since 1926. - 
RTTY - NS-1A PLL demodulator. Board $3.50; Parts 
$15.00; WIT $24.95, all postpaid. SASE for info. Nat Stin- 
nette Electronics, Tavares, FI. 32778. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria Ham Radlo Holland 
Karln Ueber MRL Ectronlcs 
Posttach 2454 Po~tbusBB 
0.7850 Loerrach ~~.2204 Delft 
West Germany Holland 

Ham Rsd80 Belglum 
Stereohouse 
Brussel~esteenweg 416 

Ham Radio Italy 

6-9218 Gent 
STE, V la  Manlago 15 

Belglum 
1.201 34 Milano 
ltaly 

Ham Radlo Canada 
Box 114. Goderlch 
Ontario. Canada N7A 3Y5 

Ham Radlo Switzerland 
Karln Ueber 

Ham Radio Europe Posttach 2454 

BOX 444 
0.7850 Loerrach 

S-194 04 Upplands Vasby West Germarry 

Sweden 

Ham Radlo France Ham Radlo UK 
Chrlstrane Mrchal P 0 Box 63. Hanow 
F-89117 Parly Mlddlesex HA36HS. 
France England 

Ham Radlo Germany 
Karln Usber Holland Radio 
Postfach 2454 143 Greenway 
0-78% Loarrach Greenstde Johannesburg 
West Germany Republic df South Africa 

I 2N3391A NPN plastic transistors 7C ea. 

3579.545 XTAL $1.30 

8.0000 XTAL $3.50 
SAVE$$$. Build your own: LINEAR AMPLIFIERS. 50100 
watt solld state. FREQUENCY COUNTER. 300 MHz. 7 
digit, crystal accuracy, portablelmobile, memory! BASE 
ANTENNA, omnipolarized! Omnidirectional! VOX- 
COMPRESSOR AND MORE! Construction plans $3.00 
each, 3 uplS2.50 each. Specify desired band. PANAXIS, 
Box 5516-AS-5, Walnut Creek. CA 94596. 

MA1003 Clock Module $18.95 

ALL ITEMS PPD USA 

SEND STAMP FOR LIST OF BARGAINS 

PA  RESIDENTS ADD 6% SALES TAX 

FON E 41 2-863-7006 TELETYPE EQUIPMENT for beginners and experienced 
operators. RTTY machines, parts, supplies. Beginner's 
special: Model 15 Printer and demodulator $139.00. 
Dozen black ribbons $6.50; case 40 rolls 11116 perf. tape 
517.50 FOB. Atlantic Surplus Sales, 3730 Nautilus Ave.. 
Brooklyn, N. Y. 11224. Tel: (212) 372-0349. 

WORTH IIUWTIWGWW, PA. 15642 

TECH MANUALS for Govt. surplus gear - $6.50 each: 
SP-600JX. URM-25D. 0s-BAIU, TS-1731UR. Thousands 
more available. Send 536 (coin) for 22-page list. WJIHD, 
7218 Roanne Drive, Washington, DC 20021. 
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flea market 
I TELETYPEWRITER PARTS WANTED: for all machines 

manufactured by Kl~enschmldt Corp., Teletype Corp. 
and Mite. Any quantity, top prices paid send llst for my 
quote. Phil Rlckson, WILNW,  Rt. 6, Box 1103G2. 
Brooksvllle. FI. 33512 

1 VERY in.ler.est.ing! Next 4 issues $ 1  T h e  Ham Trader". 
2435 Fruitv~lle. Sycamore. lL60178. 

QSL CARDS 5001$10. 400 illustrations. sample. Bowman 
Print~ng. Dept. HR. 743 Harvard. St. LOUIS, MO 63130. 

-- .- 

HOMEBREWERS: Stamp brlngs component Ilst. CPO 
Surplus, Box 189, BraintreeMass. 02184. 

CHANNEL ELEMENTS NEEDED KXN1024A. Motorola 
for Mlcor Radio.  Need several. WA6COA. 4 Ajax, 
Berkeley. CA 94708. (415) 843-5253. 

-- 

WANTED: Halllcrafters HA.20 VFO. Wrlte or call WIQUT. 
22 Woodrldge Road, Wayland, MA01778. 617-358-4953. 

-- 

HAM RADIO HORIZONS, a super new magazlne for the 
Beginner, the Nov~ce and anyone Interested In Amateur 
Rad~o . . What it 's all about. How to get started. The fun 
of  ham radio. It 's all here and just $1200 per year. 
HURRY1 HURRY' Ham Radio HORIZONS, Greenvllle. NH 

ATLAS 180 Excellent cond~t~on,  wlth manual $340 
Morrw Goldman WA9RAQ 5815 N Chrlstlana. Chlcaao. 

ZMTR PREAMP - size 1 cubic inch, f i t Inside your 
transceiver. 18 dB gain, 2 dB NF, $14.95. Macassey, Apt. 
39,1939, N. Argyle Ave., L.A. CA 90068. SASE for lists 
other VHF goodtes. 

- 

1 PROP PITCH gasket sets for smaller prop pitch series. 
Same materlacas original. $5.001set. H. Landskov. N7RT, 
1050 So. Stanley. 1140A. Tempe. A-5281. 

- 

TOP BAND converter, IF out 14 MHz. $50, SASE for info. 
Macassey, Apt. 39,1939, N. Argyle Ave., L.A. CA 90068. 

CLEANING OUT SHACK: Scopes. Xmters, Recvrs, 
Generators. Counters. Antennas. Tubes. Racks, Meters, 
etc. 15 yr. collection, price right. SASE for list. WABGFR 
3358 West 130th. Cieve, Ohio 441 11 

I CERTIFICATE for proven two-way radlo contacts with 
Amateurs in all ten USA call areas. Award suitable to 
frame and proven achievements added on request. SASE 
brings TAD data sheet from W61S. 2814 Empire, Burbank. 
CA 91 504. 

THE "CADILLAC" of QSL's! New! Samples: $1.00 
(Refundable) - MAC'S SHACK; Box 111171-D; Garland, 
Texas 75040. 

TELETYPEWRITER PARTS, gears, manuals, supplies, 
tools, toro~ds. SASE list. ~ypetronics. Box 8873, Ft. 
Lauderdale. FL. 33310. N4TT Buy parts, late machines. 

FIGHT TVI with the RSO Low Pass Filter. For brochure 
write: Taylor Communications Manufacturing Company. 
Box 126. Aglncourt, Ontario, Canada MIS 384. 

-- 

HEWLETT PACKARD G382A Altenuator with Dair of  - - 

Type N adapters Excellent c o n d ~ t ~ o n  Copy of  last com 
merclal cert~f~cat lon provlded $200 00 WWZG At 5. Box 
113, St Charles MO 63301 

I MANUALS for most ham gear made 193711970. Send 
only 256 coin for list of manuals, postpaid. HI. Inc.. Box 
H864, Council Blutfs, lowa51501. 

NEED CK1905 Nixies, John Strubank, 36525 Grove, 
Livonia, Mich. 48154. 

- 

QSL FORWARDINO SERVICE - 30 cards per dollar. 
Write: QSL Express, 30 Lockwood Lane, West Chester, 
PA. 19380. 

Coming Events 
MASSACHUSETTS: The Wellesley Amateur Radio Socie- 
ty is conducting its annual auction on Saturday. April 15, 
1978. bea~nnina at 1l:OOAM at the Wellesley High 
~ c h b o l  "ca fe te r ia  o n  R i c e  S t ree t .  ~ e l l k s l e y .  
Massachusetts. Talk-in on  - 96:36, 04-64 and 52. Doors 
oDen at 10:WAM. Contact Kevin P. Kelly. WAlYHV, 7 
  awn wood Place, Charlestown, ~ a s s a c h i s e t t s  02126. 

HIGHEST QUALITY 

MADE IN ALUMINUM 

.k TILT OVER MODELS 

QUALITY MADE 

COMMUNICATIONS 

MANY MODELS MFG. 

Towers to 100 feet. Specials 
des~gned & made. See dealer 
or send for free catalog. 

b - 

10's OF THOUSANDS 
OF CRYSTALS 

IN STOCK! 
H25C CASE 

Immediate delivery on most frequencms! 
OTHERS ARE SPECIAL ORDER 

CRYSTAL BANKING SERVICE 
P.O. BOX 683 

LYNNFIELD, MASSACHUSETTS 
01 940 
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Frequency - 
Counter 

You've requested it, and now  it's herel The CT-50 frequency 
counter k i t  has more features than counters selling for twice the I .  prlce. Measuring frequency is now as easy as pushing a bunon, the 
CT-50 wi l l  automatically place the decimal point  in all modes. giving 
you quick. reliable readings. Want t o  use the CT-50 mobile? No 
problem, it runs equally as well on  1 2  V dc as i tdoeson 110 V sc. 
Want super accuracy? The CT-50 uses the popular T V  color burst 
freq. of 3.579545 MHz for t ime base. Tap o f f  a color TV w i t h  our 
adapter and get ultra accuracy - ,001 ppm! The CT-50 offers 
professional quality at the unheard of prica of $79.95. Order yours 
today1 
CT-50, 6 0  MHz counter k i t  . . . . . . . . . . . . . . . . . . . . . . . . . .  $79.95 

, CT-50 WT, 60 MHz counter, wired and tested . . . . . . . . . . .  159.95 
CT-600. 600 MHz prescaler option for CT-50. add . . . . . . . . .  29.95 

UTILIZES NEW MOSLSI CIRCUITRY 

SPECIFICATIONS 
Sensitivity: less than 2 5  mv. 
Frequency range: 5 Hz t o  6 0  MHz. typically 65  MHz 
Gatetime: 1 second, 1110 second, w i t h  automatic decimal 
point  positioning on  both direct and prescale 
Display: 8 digit red LED .4" height 
Accuracy: 1 0  ppm, ,001 ppm wi th  TV  time bawl  
Input: BNC. 1 megohm direct, 50 Ohm wi th  prescale option 
Power: 110 V ac 5 Wans or 12 V dc 8 1 Amp 
Size: Approx. 6" x 4" x 2". high quality aluminum care 
Color burst adapter for .001 ppm accuracy available in 6 
weeks. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cl3-1. k i t  $14.95 

CLOCK KIT VIDEO TERMINAL 
6 digit 12/24 hour 

blue Irpecityl. 
Clock kit. OC-5 . . . . . . . . . . . . . . . . . . .  ,822.95 
Alarm clock. DC-8, 1 2  h r  on ly  . . . . . . . . . .  24.95 

92!>. *urn. ,  sz "d, A C  - DC 
broadcslt radio. 

*H,(t. air r r  <I n.."..l.inqnll.l AUTO DlMMCD n 3 t o 9 V . T ~ ~  ... ... ,.",rn ." , r,> .......... 

PRESCALER 

flasher 2 Jumbo LED%. USE for name badger, 
buttons. or warning type panel liohtr. Runs on 

.?5 5GG 1.49 309H .99 PNP 2N.3'306 type 1WS1.00 
3 to 9 volts. .................... 

.79 587 1.49 340K 12 y .99 NPN Power Tab40W 3151.00 
Complme K ~ I  . 4 9 6  

.35 1458 .5O 7805 .89 PNPPowerTeb40W 3/$1.00 

.!io LED DRIVER 7812 a+ .89 F E T  MPF 102 r v ~ e  ~ $ 2 . 0 0  POWER SUPPLY KIT 
Can~9.m r l b c  rnrlabla 1r01. *I5 rmulmd al l l r l  700ml\ m r r  on* W r  .Srotl. Pro 

runs on 3 9  volts. uses 8 4 5  ohm speaker. 
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SLEP SPECIALS 
ALPHA LlNEARS 
PA-76R 2 Tuber 
PA-76R 3 Tubes 

PA-775X Two 8877 T u k  53.895.00 
PA-374. No tune-up for amateur band opmtion 

$1,595.00 
Alphaflomax SBPJC Speech Pracsvlr $179.50 

ATLAS 
350XL 10.160 350W Solid State Tranrelvtr 

SW5.W 
350 PS 110/220V Comole P/S .................. 1229.00 
305 Plug-in Auxiliary VFO 
311 Plug.ln Crystal Oscillator 
DOSXL Plug-in Mobile Mount 
210X 10-80M Solid State Transceiver ...... 1679.00 
210X with Noise Blanker ............................. 5719.00 

............. 220CS 110/220 AC Convlle PIS 5149.00 
220 CX/VX-5 with VOX/Seml-Break-In CW 5195.00 
200PS 110/220 Portable ACIPS $100.00 
206 Auxiliary VFO with extended f rq .  coverage 

.................... lor all Atlas tranaeiven $299.00 
MT-1 Mobile Antenna Matchlng Tra $27.00 
10X Crystal Oscillator $59.00 
PC-I20 Noise Blanker K $52.00 
DMK Plug-in Mobrle Moun $48.00 
DL-200 Dummy Load 200W $9.00 
MBK Mobile Bracket 56.00 

ICOM 
IC.22S FM IOW Transvlver ........................ $259.00 

IC-202 2M Portable SSB 
IC-502 6M Portable SSB 
IC.215/BC-20 2M Portab 

405 Linear Amp 
251 P/S 9 Amp 

262 Power Supply with VOX 

244 Digital Rcad.out 
245 CW Filter 54015 
249 Noise Blanker 54 

570 Century 21 70W C 
574 Century 21 Digital 
276 Crystal Calibrated 

Echo 70CM UHF Transceiver .................. $495.00 
...... Msltl-2700 All Mode 2M Transceiver $756.00 

KLM 661 6 Meter SSB CW NBFM AM Trans- 

Tempo One SSB Tranrcei 
Tempo dC/One AC/PS 
Tempo VFIOne External 
Tempo 2020 Deluxe SS 

Tempo 8120 Exl. Speak 
Tempo 8010 Exl. VFO 
DM.20 Dual Impedance 

Tempo FMH-5 Hand Held 
WE PAY SHIPPING Via 
advertised items lo  50 slaies and APO/FPO on 
mailable items. Export orders shipping extra. We 
accept Master Charge. N. C. residents add 4% 
sales tax. Phone Bill Slep (704) 524-7519. 

.L=P =-c-o-c- rgco- 
P. 0. Bm 100 Hlghway 441 Dcpt. HR.4 

Otto, ~ k h  Carollna $8763 

flea market 
20TH ANNUAL S.E.M.A.R.A. HAMFEST Aprll 9th. 1978. 
8:W AM. untll 3:W P.M. at South Lake Hlgh School. 
21900 E. Nlne Mile Road at Mack Ave, St. Clalr Shores. 
Mfchlgan (tn the Detrolt Michigan metropalltan areal. 

TRI.COUNN ARC ANNUAL HAMFEST May 7.9:00 A.M. 
lo  4:00 P.M. Ram or Shlne - Indoors at Sllrling. NJ 
Youth Cenler, lust ol t  Valley Road. Tables 55.00 Buyen, 
51.00. Door Prize - Bird Wattmeter. Talk+? on 146.52 
and 147.855147 255. lnlo lrom Tn-County ARC P.O. Box 
412. Scolch Plains. NJ 07076 or call Herb WZCHA 
ZO1447.346l. 

HOSSTRADERS NET: Fllth annual Tallgale Swaptesl 
Saturday. May 13th at Deertleld. New Hampshire Falr. 
around. ICavered bulldinas in case of rain.) Admission . - - - , - - - - - - - - -- ~ - - ~ -  . 
one aollar. no commlsslon or percentage Commercial 
dealers welcome at same rate Excess revenues benelll 
Roslon Rurnr tlnol 01 Shraner's Hosaolal lor Crloaled . . . . . . . . . . . . . .  .-- - - - - -  ~- 

Chbldren. Last year we donated $430.80. Talkin .52. 
146.40.147.00. 3940 kHz. Questions. S.A.S.E. to Joe 
Demaso KIRQG. Star Rt. Box 58. Buckspon. ME 04418 
of Norm Blake WAIIVB. P.O. Box 32. Cornish. ME 04020 
or Check Hosstraders Net on Sundays 4 PM 3940 kHz. 

KENTUCKY HAM.ORAMA - Sunday. May 28 (Memorial 
Day Weekend). 7 mlnules south o l  Clncinnatl. Erlanger 
Lions Park. Erlanger. Kentucky. Donaldson Road exlt. 
1.75 South. Prizes. exhlblts. Ileamarkel. NKARC. Box 31. 
FI. Mitchell. Kenlucky 41017. 

-- 
THE RADIO CLUB DE PUERTO RlCO announces Its 1978 
Annual Conventnon and Hamlest at the famous Hotel El 
Conquistador In Falardo. P.R.. the weekend o l  Aprll 
28%. For delalls. GPO Box 693. Sen Juan, PR 00938. 

RADIO SOCltXY OF BERMUDA CONTEST. OM11 GMT 
April 2Znd lo  2400 GMT April 23rd. 1978; operate 38 
hours o l  48. single operator only; 3.5. 7.0. 14.0. 21.0 and 
28.0 MHz bands. TOP scorer In each state. county. prov- 
ince l o  receive printed award. Top scorer In each country 
to receive trophy presented In Bermuda at RSB Annual 
Dinner In October. For lul l  intormalion, send large 
S.A.S.E. plus 1 5  postage l o  Bernle Swandlc. K3DH. 
7417 Mill Run Drlve. Derwood. MDZOE55. 

F.M. B'A'S'H. DAYTON. OHIO. Aprll 28. 1978. Frlday 
nlght o l  DAYTON HAMVENTION. Social evenlng lor 
hams and trlends. 8 P M  Ill mldnighl. NEW LOCATION: 
Downtown Dayton Convention Center. Main @ Filth. Ad- 
mission is Iree. Sandwiches, beverages, snacks and 
C.O.D. bar available. Llve enlertalnment by TV personali- 
ty Rob Relder (WABGFF) and his group. Fabulous prize 
drawing lealuring acomplete Drake UV-3, lncludtng 144, 
220 6 440 MHz synthesized modules, power supply, err 
coder mlkeandantennaplus other prizes. Winner o l  first 
prtze need not be present. For further Inlormallon con. 
tact: Miami Valley F.M. Assn. c/o Sue Hagedon. 
WWGWO. 1340 Bralnard Woods Drive. Dayton, Ohio 
45459. 

TEST EQUIPMENT 
All equipment listed is Operational and un 

conditionally guaranteed. Money back 01 not 
Satislied - equipmenl being returned must be 
shipped p repad  Include check or money order 
w<thorder. Prsces listcd are FOB Monroe 

. . .  BOONTON l9OA Q - m t r  30-300MHz . U 2 5  
BOONTON 250A R X  m t r  b r l dge  meas  

res. cap. ind. 500kHz-2MMHz ...... ..625 ....... FLUKE 8038 Di t f  ac dc v l v m . .  ,295 
. . . . .  GRlOOlA LF s iggen5kHz  SOmHz ,385 ........ HP1208 4 5 0 k ~ 1  gen pur scope ,215 

HPl60B(USMIOS) 15mHzscopewi th  
..... r e q  ho rn ,  dua l  t race ve r t  plugs ,375 

. . .  HP1668(Mil)Delaysweeplorabove 130 
HPIIOA(USM140) 30mHz scope w i t h  

..... r e g  horiz, dua l  t race ve r t  p lugs ,475 
HP175A 50mHz scope w i t h  r e g  

horiz, dua l  t race ve r t  p lugs. .  ....... .MS 
. . . .  HP202B LF Osc .5Hz M k H z  IOvOut.. 75 

..... HP205AG L a b  audio gen .02 lOkH2 195 
....... HP2I2A Pulsegen .06 5kHzPRR .65 

HP524D F reqcoun te r  b a s ~ c  range  
lOHz lOmHz extends w p lug  ins..  .... I95 

HP540B Transosc to 12.4gHz for  
. . . . . . . . . .  use W-HP524-tyoecounters I45 

. . . . .  HP616 Siq gen 1.8 4gHz F M - C W . .  .365 
UP686 Sweep gen 8.1 12.4qHz sweep 

. . . . . . . . . . . .  range4.4mHz 4.4gHz.. ..495 
HP803A V H F  An t  br idge 5OSOOmHz ... . I35 
HP28OIA Prec d i g  thermometer  

-80 l o  250 deg Cels w i t h  1 
osc. less sensors .................. ,1295 

Tek lB I  T i m e  markscopeca l i b .  ....... ..55 
TeklPO Sig gen(const amp l )  M m H z  . . .  . I25 
Tek 545(mil vers  b y  Hickok-Lavo ie)  

. .  33MHz gen pu r  scope less p l u g i n . .  ,495 
Tek565 Dua l  beam IOmHz scope 

less p lug ins  (3ser ies) .  ............. .625 
Tek585 80MHz pen pu r  scope less 

p lug in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,645 
URM25 Mil s tand s i g  gen 10kHz-50MHz 

.......................... ca l i b  a t t n  ,225 
For completelistol all test equipment 

Send stamped, self addressed envelope 

GRAY Electronics 
P.O.Box941, Monroe, Mich. 48161 

Specializing inured test equipmmt. 
* 

I COPY SATELLITE. PHOTOS. I 
WEATHER MAPS. PRESS! 1 The Fax Ar? c.lr.ar on our lull sizr 118-112 wmde) I 

- 
ROCHESTER REPEATER SOCIETY HAMFEST. Aprll 
151h, lrom 900 A M  , at St John's Grade School. 420 
West Center Streel Rochester. Minnesota Door Prlze 
oonatlon 51. adm sslon St. Chnldren under 12 FREE 
Tables 52 50. plenty of parking Ta1k.m 2282 WROAFT. 
and 52 somp~er Tare 190 lo  route 52 or 63 and go north. 
Advance I chel sates and nlorma110n lrom KOTS. Joe 
F~shb~rn .  7514 4111 Ave N W . Rochester MN 55901. tel 
(MI) 2882676. or Gary Sharp, WDBAMA. 1610 34th Sl . 
N W . RoCheSIer. Mh  55901. !el (5071 28251 19 

- 
8TH ANNUAL MADISON SWAPFEST. Sunday. Aprll 9th. 
Dane County ExpoCenter - Youth Building - Madison. 
W~sconsln. Doors open al8:00 A.M.. rain or shlne, Indoor 
facilities, food, movles; tamily lun; overnite camping ac- 
commodations. Tickets: 11.50 Advance; 52 at door; 
Tables: 52 Advance. $3 at door. Featurnng electronic 
equipment and components tor hams, hobbyists. Corn- 
puler 6 ex.per#menters Fo low Col#se~m hoghway slgns 
lrom 1 W12  I8  "bell1 ne' nnterchanpe lo  MC 10 m8les 
exnl TaIh.ln on 1W76 Wrlte M A R A .  Box 3403. Madnson. 
WI 53704. Resewat~ons musl be in by Aprll l s l !  

LAKE SHORE RADIO FEST, sponsored by Sheboypan 
County ARC. Saldrday.Aprll8lh. 9 A  M lo  5 P M . Wilson 
Town Hall Sheboygan Wlsconssn Ham, manne. CB 
pear on dllplay door prtzes lood specfal YL XYL sec 
toon Adults52 choldren wltamlly FREE Talk Ine6rM)and 
40 meters Take 143 to busrness ell1 - Route I 4 1  For 
Inlormation, call (414) 452-7570. 

- 
FRAMINQHAM. MASSACHUSmS ARC FI- Market. 
April 291h, doonopen9 A.M. lor setup, publlc al 10A.M. 
Locallon Framingham police drill shed; lake Route 9 to 
Route 128. go south on 126 about 2.5 mlles. Drill shed Is 
behlnd Civic League bulldlng. Table 55. Half.tables also 
available. Contact F.A.R.C.. Box 3005, Framinpham. MA; 
or K1AZE. (617) 8747458, orWA1UEH. (61T16536398. 

GET ON WITH THE BEST: 

Midland 13-510 Midland 13-513 
Synlheslzed Synlhes~zea 
144 148MHZ 220 225 MHz 
I or 25 walls 1 I 0 20 watts 

Reg $399 95 Reg $499 95 

OUR PRICE 5348" OUR PRICE 5438'' 
Master Cherge and VISA welcome. 

butbank .IH~-~c., in=. 
2308 MAGNOLIA BOULEVARD 
BURBANK CALIFORNIA 91506 

(213) 643-1647 
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TRANSISTORS, LEDS, etc. 
2N2222A NPN (2N2222 Plastic .lo) .15 
2N2907A PNP .15 

2N3904 NPN (Plastic) .10 
2N3906 PNP (Plastic) .10 

2N3054 NPN .35 
2N3055 NPN 15A 60v 
TIP125 PNP Darlington 

.50 

.35 
LED Green, Red, Clear, Yellow .15 
D.L.747 7 seg 5/8" High corn-anode 1.95 
XAN72 7 seg corn-anode (Red) 1.25 
MAN71 7 seg corn-anode (Red) 1.25 
MAN361 0 7 seg corn-anode (Orange) 1.25 
MAN82A 7 seg corn-anode (Yellow) 1.25 
MAN74A 7 seg corn-cathode (Red) 1.50 
FND359 7 seg corn-cathode (Redl 1.25 

DIODESIZENERS 
1 N914 1 oov lOmA .05 
1 N4005 600v 1 A .08 

SOCKETSIBRIDGES 
8-pin pcb .25 ww .45 

14-pin pcb .25 ww .40 

C MOS 
4000 .15 
400 1 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .35 
4008 .95 
4009 .45 
401 0 .45 
401 1 .2C 
401 2 .20 
401 3 .40 
401 4 .95 
401 5 .90 
4016 .35 
401 7 1.10 
401 8 1.10 
401 9 .50 
4020 .85 
402 1 1 .OO 
4022 .85 
4023 .25 
4024 .75 
4025 .30 
4026 1.95 
4027 .50 
4028 .95 
4030 .35 
4033 1.50 
4034 2.45 
4035 1.25 
4040 1.35 
4041 .69 
4042 .95 
4043 .95 
4044 .95 
4046 1.75 
4049 -45 
4050 .45 
4066 .95 
4069 .40 
4071 .35 
4081 .70 
4082 .45 

MC 14409 14.50 
MC 14419 4.85 

9000 SERl ES 

IN4007 lOOOv 1 A .15 
1 N4148 7 5v lOmA .05 
1 N753A 6 . 2 ~  z .25 
1 N758A 1 Ov z .25 
1 N759A 12v z .25 
1 N4733 5.lv z .25 
IN5243 13v z .25 
1 N5244B 14v z .25 

z IN52458 15v .25 

16-pin pcb .25 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb '45 ww 
24-pin pcb .35 ww 1.10 
28-pin pcb .35 ww 1.45 
40-pin pcb .50 ww 1.25 
Moiex pins .O1 To-3 Sockets .45 
2 Amp Bridge 100-prv '20 

25 Amp Bridge 200-prv 1.95 

7400 .15 
740 1 .15 
7402 .20 
7403 .20 
7404 .15 
7405 .25 
7406 .35 
7407 .55 
7408 .25 
7409 .15 
7410 .10 
741 1 .25 
741 2 .30 
7413 .35 
7414 1.10 
741 6 .25 
741 7 .40 
7420 .15 
7426 .30 
7427 .45 
7430 .15 
7432 .30 
7437 .30 
7438 .35 
7440 .25 
744 1 1.1 5 
7442 .45 
7443 .65 
7444 .45 
7445 .65 
7446 .95 
7447 .95 
7448 .65 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

MCT2 

$473 .25 
7474 .30 
7475 .35 
7476 .40 
7480 .55 
7481 .75 
7483 .95 
7485 .75 
7486 .25 
7489 1.35 
7490 .55 
7491 .95 
7492 .95 
7493 .35 
7494 .75 
7495 .60 
7496 .80 
74100 1.15 
741 07 .35 
741 21 .35 
741 22 .55 
741 23 .55 
741 25 .45 
741 26 .35 
74132 1.35 
74141 .90 
74 1 50 .85 
741 51 .65 
741 53 .75 
741 54 .95 
741 56 .95 
741 57 .65 
74161 .85 
74163 .85 
74164 .60 
74165 1.50 
74166 1.35 
741 75 .80 

.95 

LM1458 .95 
LM3QOO .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 

- 

78M05 .75 
LM373 2.95 
LM380(8-14 PIN) .95 
LM709 (8,14  PIN).^^ 
LM711 .45 

- T T L -  
74176 1.25 
74 1 80 .75 
74181 2.25 
74 1 82 .95 
74190 1.75 
74191 1.05 
74192 .75 
741 93 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
751 10 .35 
75491 .50 
75492 .50 

74H00 .15 
74H01 .25 
74 H04 .20 
74H05 .20 
74H08 .35 
74H10 .35 
74H l l  .35 
74H15 .45 
74 H 20 .30 
74H21 .25 
74H22 .40 
74H30 .20 
74H40 .25 
74H50 ..25 
74H51 .25 
74H52 .15 
74H53J .25 
74 H 55 .20 

LINEARS, REGULATORS, 
LM723 .50 
LM725N 2.50 
LM739 1.50 
LM741 18-14, .25 
LM747 1.10 
LM1307 1.25 

LM 340T 1 2 1 .OO 
LM340T15 1 .00 
LM340T18 1 .00 
LM340T24 .95 
LM340K 12 1.65 

9301 .85 95H03 1.10 
9309 .35 9601 .45 
9322 .75 9602 .45 

MM5316 3.50 
2102-1 1.45 
2102L-1 1.75 
TR1602B 4.50 
TMS 4044-45NL 14.50 
8080AD 12.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1 .OO 
21078-4. A 
2708 11.50 4'00 

LM340K15 1.25 
LM340K18 1.25 
LM340K24 .95 
78L05 .75 
781112 .75 
78L15 .75 

LM310 1.15 
LM31 1D l~ in i )  .75 
LM318(~1n i )  .95 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(714) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COD orders. accepted $35 - $99 5% 
$100-$300 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $301 - $1000 15% 

All IC's PrimeIGuaranteed. All orders shipped same day received. $1000-Up 20% 

24 Hour Toll Free Phone 1-800-854-221 1 American Express / BankAmericard I Visa I Mastercharge 

CPU'S,' ETC. 
7481 88 3.00 
1702A 4.50 
MM5314 3.00 

74H72 .4 5 
74H101 .75 
74H103 .75 
74H106 .95 

74 LOO .25 
74 LO2 .25 
74 LO3 .30 
74 LO4 .30 
74L10 .30 
74 L20 .35 
74 L30 .45 
74L47 1.95 
74L51 .45 
74 L55 .65 
74L72 .4 5 
74 L73 .40 
74L74 .45 
74L75 .55 
74 L93 .55 
74L123 .85 

74500 .35 
74802 .35 
74803 .30 
74804 .30 
74805 .35 
74808 .35 
74S10 .35 
74Sll  .35 
74S20 .35 
74840 .20 
74S50 .20 
74851 .25 
74864 .20 
74874 .35 
748112 .60 
7481 14 .65 

etc. 
LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N .95 
LM339 .95 
7805 ( 3 4 0 ~ 5 )  .95 

8038 3.95 
LM201 .75 
LM301 .45 
LM308 (Mini) .95 
LM309H .65 

INTEGRATED CIRCUITS UNLIMITED 

7481 33 .40 
74S140 ,553 
7481 51 .30 
748 1 53 .35 
74S157 .75 
7451 58 .30 
7481 94 1.05 
74S257 (81 23) 1.05 

74LSOO .25 
74 LSO 1 .35 
74LS02 .35 
74 LS04 .30 
74 LS05 .45 
74 LS08 .25 
74LS09 .35 
74 LS10 .35 
74LSll  .35 
74LS20 .25 
74 LS2 1 .25 
74LS22 .25 
74LS32 .40 
74 LS37 .35 
74 LS40 .45 
74 LS42 1.10 
74 LS5 1 .50 
74LS74 .65 
74 LS86 .65 
74 LS90 .95 
74LS93 .95 
74LS107 .85 
74LS123 1 .OO 
74LS151 .95 
74LS153 1.20 
74LS157 .85 
74LS164 1.90 
74LS367 .75 
74LS368 .75 
74C04 .25 
7401 51 2.25 

- 

MICRO'S RAMS, 

LM309K (340~-5385 

LM32OK5(7905)1.65 
LM320K 12 1.65 



1 KLM Transceivers 
Amplifiers 
Antennas 

I ( 1 1 1 . 1 ~  '1 YO Itlm 200w PEP Xcn 1095 00 
f i P l  A C  (lower ?upply . . 249 95 
f5SC Slatlon console . . . . . 379 00 

I 
Mu! .I110 :rn tM 'i5B (W X r v r  S i '  I 00 

Mull, 2100 Servlce Manual 10 00 
TYX0412 432 MHI OSCAR lransverler l BA 

Multi 1 1  23 ch I O w  2m FM Xcvr/4 ch wan 325 95 
661 6m SSB/fM/CW Xcvr 695 00 
Mu111 U I I  23 ch 10w 450 FM Xcw/4 ch scan 379 95 
Echo 70 CM 432 MHz SSB/CW Xcvr 449 95 

hp l l f le r  Freq - Input Output 

AWTENNAS 
144 148 4 2m. 4 element 
144 148 8 2m. 8 elmnt.  
144-148 12 Zm. 12 elemenl 43 95 
144 148 14 2m 14 element 49 95 
144 148 16 2m 16 elemen1 54 95 
144 150 12C 2m c~rculat 12 element 54 95 
144 150 16C 2rn c~rcular 16 element 67 95 
432 16LB 432 MHz 16 elemenl 45 95 
144 148 50 2m 1 I sleeve balun 14 95 
144 148 50N As above w~th type N connectors I5 95 
140 150 2N 2m coupler/power d~v~der  2 ants 19 95 
140 150 4N 2m coupler/pawer dlvoder 4 anls 26 95 

All other KLM products not listed here are avalla. 
ble on specla1 order 

AMATEUR 
ELECTRONIC SUPPLYdP 

4828 West Fond du Lac Avenue 
Milwaukee, Wisconsin 53216 

Phone (414) 442-4200 
BRANCH STORES: 

28940 Euclid Avenue: Wlckliffe. Ohio 44092 
Phone: (216) 585-7388 

621 h m o n w e r l t h  Avo.; Orlrndo. Flr. 32803 
Phone: (305) 894-3238 

Nole: Branch Scores are sel-up lo handla Walk-in 
businessor telephoneorders only. They do not have 
Iac~liltes 10 resoond lo wrltlen Inoulrles. 

THIS IS IT 

M O D E L  4431 T H R I J L I N E ~  

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 

SIGNAL SAMPLER - BUILT IN 

AUTHORIZED m m  OISTRIBUTOR 

a s s o c i a t e s  
115 BELLARMINE 

ROCHESTER, MI 48063 
CALL TOLL FREE 

800 - 521-2333 
IN MICHIGAN 313 - 3750420 

PHIL EXPERIENCE the Ultimate BOB 
WB4WLM in Scanners W 4 Y Y S  

The Touch: 
S329 our price 

Scans the Channels in  1.3 Seconds 
Special Weather Alert' and Priority Scan faalures $2790° 

LAFAY ETTE RADIO ELECTRONICS = 
, 1811 HWY 17-92, MAITLAND, FL. 32751 

305-831-2271 k s i  

R ALL MAKES AMATEUR HF TRANS- 
TTERS - TRANSRECEIVERS - CUARAN- 

TEED FOR 2.000 WATTS PEP. POWER. 
FOR NOVICE AN0 ALL CLASS AMATEURS! 

0.. - connsctor -Model 1007EU . . . . . . 547.95 

sncs plus COD Lorlaps OR SEND FULL PRICE 

i rnmmnom wml  

AMATEUR RADIO i 

i 
i 
i 

p- 

r r c *  h ,  mr 

rn 1 

 he mos t  complete d i r e c t o g  of Amateur 
Radio Equipment ever pub l~shed.  The a l l  
new 1978 E d i t ~ o n  includes specifications. 
pictures and pr ices of transceivers, trans- 
mitters,'receiverr, amplifiers, power supplies. 
transverters, antennas, tuners. towers. 
meters microphones, keyers. VFO's p r p  
amps, ies t  gear, etc. etc. N o  ham l i b r h  wnll 
b e  complete without a copy of t he  1978 
Amateur Radio Equipment D~ rec tow .  

i 
$4.00 Postpaid (U.S.) 

i 
i Canada ,5.00. Foreign mi., 7 . 0 0  i 
i K E N G O R E  CORP. Dept.HP i 

9 James Avenue i Kendall Park. N. 1. 08824 i 



Take Command of 220 MHz! II 
The Synthacoder 509 represents the ftrst nf a * SlMPLE T O  INTERFACE - Three wires and n o  holes' 
totally new generation of frequency synthaslrers, 
based on the laslest advances tn CMOS-LSI technl- FULL COVERAGE - 220-225 MHz in 20 KHz steps 
ques "Matr~x Modules", which contaln programm- 
Ing diodes. make adding new channels a clnch * MATRIX PROGRAMMABLE - NO more crystals 
Slrnply snip the leads on the d1ode5 not needed. 
plug ~t in, and vou are On The Air! Our unique in. * EXCLUSIVE "MATRIX MODULES' - Programin m o d s  
terface destgn allows you to use your exlsttng 
crystal posttions even though the synthesizer has * FULL MODE CONTROL - Simplex, Repeater. Reverse 
been installed The Synthacoder a also eastly 
adapted for Scanning and External Frequency * LOWPOWER CMOS - Draws only60 ma 
Control. To sum 11 up-We are sure that yhu ~ 1 1 1  
find the new Synthacoder 509 Everything You * FULLY ASSEMBLED ANT> CALIBRATED . Nd a kit 
Want ~n a 220 MHz synthew7er-And at a Prke 
Comparable to Crystals! FITS MIDLAND. COBRA. and CLEGG 220 MHz transceivers 
r--------'-----------r.------------l--------- 

Y&, I r d d  fike n p r u h u  6 Synlhactder far my 220 n d 7 )  

I Callfornb residents add 6% sales tnx 

I P 0 BOX 22.21 I 
I 1247 COMMERCIAL AVENUE S - enclosed Ll Check Monoy Order I 
I OXNARD. CA 93n30 Plea* chaw my Master Charge Cl BankAmerkard 

(8051 486-08 17 
I 

1 Credd card * I 
Interbank " 1 

0 I'LL BITE' Please send more Info Expirarlon date 
S~gnature 

I I O I'M HOOKEW Please RUSH my Synlhacoder I I 
I Name Call I 
I ~ d d r e s m  w I / )  

b !  CIIY State - zip 

More Details? CHECK-OFF Page 126 april 1978 109 



&b +III MAY 20, 21, 1978 

F$ OFFICIAL ARRL CONVENTION N. Y. STATE Monroe County Fairgrounds u Route 15A and Calkins Road 

QL Rochester, New York 

HUGE INDOOR SEE LATEST Hamfest Admission: 
AND OUTDOOR Hotel Headquarters EQUIPMENT BY $3.50 ~n advance. 

FLEA MARKETS ROCHESTER $4.00 at the door. 
THE NATION'S 

MARRIOTT INN combination Registration 

OUTDOOR LEADING and banquet 
(Route 15 at Thruway only $12.00 in advance. 

FLEA MANUFACTURERS Exit 46) Advance sale c~osas May 13 

MARKET P.O. BOX 9912 
FCC EXAMS Exhibitors call Ash Palmer, 

RUNS 
ROCHESTER. NY 14623 KZEAW at 716-338-2180 days 

FORUMS, SEMINARS 71 6-359-1 800 only. For other inlo call 
' 

CONTINUOUSLY 716-424-1100 days only, or 
LADIES' PROGRAMS Call or Write Hotel writs: Rochester Hamtest. BOX 

FROM FRI. NOON. AWARDS BANQUET Direct for Reservations 1388. Rochester. 

$1 .OO PER SPACE 
NY 14603. 

T h r  1 1 r ~ l  n'/.'hlqh rack mounl lhat prov~des 
90 db a1 0 5 MH7 lrpquency sepalallon. 
144- 174 MHz band a1 125 walls 

b T 

NEW! VARI-NOTCHTM A state of the art design 
for the suppression of transm~tter n o i s e .  A comblnat~on 
of the deepest notch, lowest loss, best passband roll-off 

- - 

I I -  

. 

1 ! i , 4  t ~q t?  , a r k  r t , r , , , ~ , i  I ~ w x ~ , ~ ~ ~ ,  I,,! 14.1 17.4 MHZ 85+ db a10 5 M H ~ .  100 rlhal 
770 Ml l i ,  i l l l G  51:' MHI. H'III~~ROMHZ Frequency 1 0 MHz srparallon lor 15 dbloss on 
spac~ngs 10 O 5 MH7 and liilwr-r 111 4011 walls VHF models covmlng 132- 174 MHz 

Band Pass. Nolch and Mobtlp dl~plexers are also avallahle rm7 Wrllp In, aelatlrn Fprcll~rallonT and Ir,r ~nlorrnnl#nn rln clur rnnvcrlihlr lhller and Prpandahlr 
rnull~cnr~plr,f 1,nr.r 

4CX300A 4CX3000 

TX RX SYSTEMS, INC., 
P.O. Box 105. 
8625 Industrial Parkway. Angola. N.Y. 14006 

We have the worlds largest selec- 
t ion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page 
ad in  the April 1976  issue of this 
magazine or call or write for  addi- 
t ional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 



UNADILLA REVCO 
"WZVS" ANTENNA COILS 

*W- 40 
- I0 

e 
".<---. -. 'c.. -0- 

T W O  METERS 

b - Crystal Company 
Motorola H T  220 Crystals 

in  Stockl 
Novice Crystals (Specify Band Only) 
I n  Stock: Standard 1 Icom 1 Heathkit I 

Ken I Clegg I Regency I Wilson I VHF Eng. 
/ Drake - and others1 $4.50 @ Lifet ime 
Guarantee: indicate makelmodel, xmit. fre. 
quency, rec. frequency. 

Why Waste Watts? SWR - 1 A  $29.95 

SWR-1 guards against power lossl I f  you're 
no t  pumping out all the power you're 
paying for, our l i t t le  SWR-1 combination 
power meter and SWR bridge wi l l  tell you 
so. You read forward and reflected power 
s!multaneously, up  t o  1000 watts RF and 
1 :l t o  in f in i ty  VSWR at 3.5 to 150 MHz. 

Got  i t  all tuned up? Keep ~t that way 
w i th  SWR-1. You can leave it right in your 
antenna circuit. 

I,,, t i*  111) ,<* 
I , . .  2 .q  1-11 i t  ..... MRUUNE ~ R I  mm mr 

WATTMETER 
MODEL PRICE 
43  $120 

Elements (Table 11 2-30 MHz 42  
Elements (Table 1) 25.1000 MHz 36 

Carrying care f o r  Model 43  & 6 elements 26 
c a r r y i n i  case fo r  1 2  elements 16  

Read RF Watts Directly. (Specifiy ~ y p e  N o r  SO239 connectors) 

0.45-2300 MHz, 1-10.000 watts 5%. Low Insertion VSWR - 1.05. 
Unequalled economy and f lexibi l i ty: Buy only the elementls) covering 
your present frequency and power needs, add extra ranges later if your 
reouirements exoand. 

TELEX, PROFESSIONAL HEADPHONES 
& HEADSETS 

Model C 1320 Model 610 Model CM 1210 

Model C 1210 

Modal CM 1320 Modal C M  1320: 

Name Call Master Charge 

Address American Express 

City State Zip- Y(Y - Visa 
Order: 

Radio Electronics Prices FOB Medford MA. 
MA residents add 5% sales 

209 Mystic Avenue tax. 

Medford MA 02155 Minimum $3.00 for 
(617) 395-8280 Check enclcsed Visa Master Charge American Express shipping & handling 

on ALL ORDERS. 
FREE Gift With Credit card # Orders $1200.00 & 

herb  Order ! signature Card expiration date 
over deduct 5%. 

HR --------------- 
Tufts Radio Electronics 209 Mystic Avenue Medford M A  02155 (617) 395-8280 

More Details? CHECK-OFF Page 126 aprll 1978 rn 11 1 



I 

I 
The R a d ~ o  Store 

443 N. 48th, Lincoln, Nebraska 68504 In Nebraska Call (402)466-8402 
I 

Compact - High Performance 

LOW COST KITrdet 
Sensitivity under .15 rrV SINAD ,' 

5 channels, remote switchable a 6 pole 
ACCESSORIES crystal filter provides better than 75dB adjacent 

channel rejection a Image rejection better 
Alurn~num Case than 75 dB; all other spurious better than 100 

$9.95 dB a Audio output 250 mW a Compact - 
Speaker /Control Kit 2.35 x 4" board, ideal for pocket receiver or can 

$19.95 be built into existing equipment, home-brew 
transceiver a Operates from 8-20 VDC; 15 rnA @!q! nominal drain, squelched 

Electronic Signal Products, Inc. "'O rn"~"'Or 29**.2200ndU0MHx 

2250 (i Landmeier Rd., Elk Grove. IL 60007 (31 2) 364-0080 C o m ~ r ~ a l m o n r  lh 0th- 
Inguencm ran alw kruppl!+d 

O.*.U'"IC."D 
ll,,",,,' ,,,.,,,*,a, ,x $1 , l P  I,*. c,cfl Eleclronic Signal Products. lnc. . . ' Z S [ l G b n d n l l ~ o  lad k i k  (.r<,~r l i  60007 - - 1445'arm"ha' s5995txh 

"'5* pkssefitp -- I I 29 n 50 rl 2.70 memr Lm.1 
Name - Call - - $5'195 csch D 440 L11a1%9% 

MCe51 - - -- ML ~l m n l y  ~ l d e  b# $ - _ . m r l o ~  

Cjtr - - . - - C h a w  mr VIM RanUnwtmul m 

rlnlr ~ lap C u d t r ~ ~ m  Slfoalurr - 

ENERGY CRISIS 1 

I P...nr.al .nr,nv SOLVED! a,, ox ,a.qwt w,,,, 
Wcllill Rr<l l l l l  RI .  .. , . 8 .  I I I .. I ,  WI-T*P .L. 0.P 
*nc 1 <x,,,r><x,,.,,,. . 5, ,.. ,,.,, , I 

T l t f  J O I S l l C K Y ' A  
'"d.l,~l,i* b..0 an,, .... .. i,.n .Ill>ll ,,mn ,,,,. r r  ,,', nn, I.",",",,,, 
I l l . ?  r.4,ll,,lllls <I,, .,I, I., , .  *I.. i f , C i  .II!* I , ,  , ,.,AH5 .,,,I 

1113 . m I  R <  I. CWI 
IOLb"., "$ "<"*,",,??,">r,. 8,s ",,C tm,?so, ,he " & A , "  L,,, ,,,,*" 

11, lmi i l~ t  11111 .~1,,1 ,,f I I ~ I ~ t t ~ ~  OWP rnn?c.513 ..rr 

SYSTEM 'A' $75.00 
L ' i  P h o r H * r . . i , r , , l l . ,  

SYSTEM 'J' 599.00 
5rnWi.L I. 1. . ,,".,.,.a . t ,  ..,. u.in."r 

A,,  M.,,? ,*,<: .*.,~,'~,,.,, E,,C,, ,,.. !*... ., ..vc,,,,*,, "",,I ." "...lli8"Ct i l i  "I,,... .,11,, 1 t ,  \an$, I:,,1~11,0q *I" y,,, ,,,,, 
UI '"~~, . . I " * .  ,.,, ,,.,, *",.w,llU",. j~Sa,,, l". . , . l . . I , ,*C., l  
"(1 .I1,<( I , ?  I.. .,..g ,I,,.', "l ma,.,.. H,,,,n , i l l i l  ..,,,. ,,., r,..., .I.,I"",,,: ,,.., L "4 ti,, " ,"L , ," ,~  

PARTRIDGE (HR) 
ELECTRONICS LTD. 

8tondsl04l~ Knl>l. Inglsnd 
ral rh0n.r a253s CDVFll 

1 GROWING HAM DEALER I 



I amateur radio manufacturer's association I 

This symbol is important 
to amateur radio ... 

present and future. 
Watch for it. 

ARMA STATEMENT OF PURPOSE 

The Radio Amateur Manufacturers 
Association is  an organization comprised 

of individuals and companies whose products 
are intended to be sold to amateur 

radio operators throughout the world. 

As a representative group of importers 
exporters, manufacturers and dealers in 

amateur equipment, ARMA is  the official 
spokesman for this highly specialized industry, 

and has a vested interest in the fostering 
of continued growth of the radio 

amateur service, worldwide. 

To further these goals, ARMA 
disseminates information from i t s  headquarters 
on various proposals and actions that may 
affect i t s  members, represents the industry 
in meetings, and on various committees 
to develop a favorable public attitude 
toward amateur radio, directs and advises 
the industry as to i t s  best interests, 
and interprets industry wide technical stan- 
dards as required. ARMA supports 
amateur radio worldwide through club, 
government and industry liasons. 

MEMBERSHIP ROSTER 

CLEGG COMMUNICATIONS CORP. 

COMMUNICATIONS POWER.INC. 

COWAN PUBLISHING CORP 

DENTRON RADlO CO.. INC. 

GENERAL LINEAR SYSTEMS 

H A L  COMMUNICATIONS COHP. 

HAM RADlO PUBLICATIONS 

HY-GAIN ELECTRONICS COHP. 

HAM RADlO CENTER. INC. 

DIGITAL ELECTRONICS INC. 

SUPEREX ELECTRONICS CORP. 

RADlO WORLD, INC. 

RUSH ELECTRONICS. INC. 

THE RADlO PLACE 

SPECTRUM COMM. 

E HRHORN TECH. OPERATIONS 

PAL ELECTRONICS 

ICOM EAST. INC. 

KLM ELECTRONICS. INC 

LUNAR ELECTRONICS 

73 MAGAZINE 

SPECTRONICS. INC. 

SWAN ELECTRONICS 

TEN-TEC, INC. 

TRIO-KENWOOD COMMUNICATIONS, INC 

VHF ENGINEERING 

WESTCOM ENGINEERING 

YAESU ELECTRONICS CORPORATION 

MIDLAND INTERNATIONAL CORP. 

THE BASE STATION. INC. 

AMERICAN RADlO RELAY LEAGUE 

ANIXTER-MARK 

ATLAS RADlO COMPANY 

CIR INDUSTRIES. INC. 

Comments and suggestions are invited from companies and bership information should be referred to: BernardTower, 
individuals concerned with the present and future status of Sec. Yaesu Electronics Corporation, 15954 Downey Avenue, 
amateur radio. Such correspondence and requests for mern- Suite #19, Paramount, CA 90723 

More Details? CHECK-OFF Page 126 april 1978 113 



'~ew! 
\ 

Please don't squeeze the 
Feather Touch. 

only 
$69.95 

Kantronics Feather Touch keyer 

Why keep wrestling with the mechanics in your electronic 
keyer? 

The Kantronics Feather Touch keyer has moved the 
"state.of-the-art" in electronic keying years ahead! By engineering 
a truly electronic, electronic keyer, we've eliminated the 
most cumbersome part of sending Morse code: the 
adju\ting and readjusting of mechanical connections. 

The Feather Touch respond5 to your lightest touch, freeing 
you from slapping. sloshing or squeezing. Order your Feather 
Touch now, or write for information and a list of authorized 
dealers. 

At Kantronics, w e  think sending Morse code should 
be an art. not an effort. 

*' C2KANTRONICS 8 
T/w  L . ~ ~ ~ ~ ~ ! I ~ ~ ~ ~ I ~ I I I I  ( ' I I ~ I ~ I ~ ~ s  

I ? O ?  Fast 2 3 4  St 
L ~ r l , . n r # .  I , t n l l s  66044 lplpnnnnp 91 3 842 7 7 4 5  
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Superior Quality and 
Construction at a price 

Tristao is a ploneer. Years of 
designing and manufacturing 
show in structural performance 
and practical pricing. Certified 
welded construction: sand- 
blasted surfaces; hot-dipped 
galvanized; heavy duty for ca- 
pacity, strength, safety. Send 
for FREE Catalog. 
Dealer Inquires always invited. 

Eqaqbl>sil wtttl Ileavy duly w~nch. 

G t l ~ p d  crank-up 1U'thru 105' lor lrl-band 
lheamr ro B rq. It. Taker COR HAM II 
and rmmllal rolorr. Complete installallon 

Wll l t  wanr:ll a o l l  c.8lllc 
Models lro!ll 10' 111 l i l ' .  

NEW EXCLUSIVE ROTOR BASE 

I ,115 E .  5th St.  P.O. Box 115 
I Hanford, CA 93230 / Ph. (2091582-9016 

I Send m e  your con,plete cnlaloq. 

I 1 Name I 
I I Address I 
I c i t y  

I 
I 
I 

91-11111119111111 

INTRODUCES THE 
VERSATILE - . - - _  
NEW 

More Channels ... at the flip of a switch 
Unlock the unique mode switch and 12 channels 
become 144 

@I More Sensitivity, Less Interference 
.25 pV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

@ More Power Out 
35 watts nominal with a minimum of 30 watts 
across the band 

. . . for a lot less 

Amateur Net 

~ ~ ~ . c E L E c T R o N l c s ,  INC. 7707 fbcords Street @ 1978 ... ax.. -. - ..m.s.s.r. 

Indianapolis, Indiana 462 

THE FM LEADER 

More Details? CHECK-OFF Page 126 



Ham Radio's guide to help you find your local I 
Alabama HAM RADIO OUTLET 

999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free to  place your order QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

lllino is 
Alaska ER~CKSON COMMUNICATIONS, INC. 

5935 NORTH MILWAUKEE AVE. 
CHICAGO. IL 60646 RELIABLE ELECTRONICS 

3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5 100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 

312-631-5181 
Hours: 9:30-9 Mon. & Th.; 9:30-5 
Tu, Wed, Fri.; 9-3 Sat. TOWER ELECTRONICS CORP. 

24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 
Authorized Yaesu Sales & Serv~ce. 
Mail orders welcome. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-69 1-4840 
Let us quote your Amateur needs. 

Arizona 

Colorado HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Serving all amateurs from 
beginner to  exDert. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

Indiana 
HOOSIER ELECTRONICS, INC. 
P. 0. BOX 2001 
TERRE HAUTE, IN 47802 
812-238-1456 
Ham Headquarters of the Midwest. 
Store in Meadows Shopping Center. 

Connecticut 

ARCOMM ELECTRONICS 
2865 MAIN STREET 
BRIDGEPORT, CT 06606 
203-335-9850 
Featur~ng Ten-Tec and DenTron. 

POWER COMMUNICATIONS 
6012 NORTH 27th AVE. 
PHOENIX, AZ 85017 
602-242-6030 
Arizona's #1 Ham Store. 
Kenwood, Drake, ICOM & more. 

QSA 599 AMATEUR RADIO CENTER 
11 SOUTH MORRIS STREET 
MESA, AZ 85202 
602-833-8051 
Eimac Distributor. New & Used 
Equipment, Parts - Surplus too! 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
2 19-484-4946 
We service what we sell. 10-9 T 
TH, F; 10-5 W, SAT, 

AUDIOTRONICS INC. 
18 ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated to service. 

Florida lo wa 
BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
515-576-3886 

1 For an EZ deal. 

California 
AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

C & A ELECTRONIC ENTERPRISES 
2529 EAST CARSON ST. 
P. 0. BOX 5232 
CARSON, CA 90745 
213-834-5868 
Not the Biggest, but the Best - 
since 1962. 

Kansas 
MARC'S 

CENTRAL EQUIPMENT CO., INC. 
18451 W. DIXIE HIGHWAY 
NORTH MIAMI BEACH, FL 33160 
305-932-1818 
See Marc, WD4AAS, for complete 
Amateur Sales & Service. 

ASSOCIATED RADIO 
8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade 

COMMUNICATIONS CENTER 
705 AMADOR STREET 
VALLEJO, CA 94590 
707-642-7223 
Who else has a Spectrum 
Analyzer? 
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Amateur Radio Dealer 

Kentucky 
COHOON AMATEUR SUPPLY 
HIGHWAY 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, DenTron. 
Our service is the BEST. 

Maryland 
COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA RT. 198 
LAUREL, MD 20810 
301 -792-0600 
New & Used Amateur Equipment. 
Wilson, Ten-Tec, R. L. Drake, Tempo 

PROFESSIONAL 
ELECTRONICS CO., INC. 

1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

Massachusetts 
TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RADlO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
3 13-435-5660 
10001 Chalmers, Detroit, MI 
48213, 313-371-9050. 

Minn eso ta 
ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Growing 
Ham Dealer. 

Missouri 
HAM RADlO CENTER, INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
See Our Ads 
In  This Issue. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

Nebraska 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48 ST. 
LINCOLN, NE 68504 
800-228-4097 
Yaesu, Drake, Tempo, Swan, 
HyGain - call Toll Free 

New Hampshire 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

Ne w Jersey 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201 -542-2447 
Ham supplies since "55". 

RADIOS UNLIMITED 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's newest 
complete Amateur Radio center 

New Mexico 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft 

New York 
ADIRONDACK RADlO SUPPLY, INC. 
185 W. MAlN STREET 
AMSTERDAM, NY 12010 
518-842-8350 
Yaesu dealer for the Northeast. 

GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in  stock 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
315-337-2622 
New & Used ham equipment. 
See Warren K21XN or Bob WA2MSH. 

Ohio 

AMATEUR RADlO 
SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas for all services. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614-866-HAMS 
Drake, Yaesu, Ten-Tec, KDK, Wilson, 
DenTron, Tempo, Sigma. 

Oklahoma 
RADIO STORE, INC. 
2102 SOUTHWEST 59th ST. 
(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

Oregon 
PORTLAND RADlO SUPPLY CO. 
1234 S.W. STARK STREET 
PORTLAND, OREGON 97205 
503-228-8647 
Second location, 1133 S. Riverside 
Avenue, Medford, OR 97501. 

Pennsylvania 
ARTCO ELECTRONICS 
302 WYOMING AVENUE 
KINGSTON, PA 18704 
7 17-288-8585 
The largest variety of semiconduc- 
tors in Northeastern Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
68 N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Communications specialists. 
Sales and sewice. 

-- 
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HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357-1400 
Same location for  2 5  years. 

Tennessee 

GERMANTOWN AMATEUR SUPPLY 
3203 SUMMER AVE. 
MEMPHIS, TN 38112 
800-238-6168 
No monkey business. Call 
Toll Free. 

Texas 

AGL ELECTRONICS 
3068 FOREST LANE. SUITE 309 
DALLAS, TX 75234 
214-241-6414 (within Texas) 
Out-of-State. Call our toll-free 
number 800-527-7418. 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH, TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 

Wisconsin 

AMATEUR 
ELECTRONIC SUPPLY, INC. 

4828 WEST FOND d u  LAC AVENUE 
MILWAUKEE, WI 53216 
414-444-4200 
Open Mon & Fri 9-9, Tues, Wed, 
Thurs. 9-5:30, Sat, 9-3. 

Washington 

AMATEUR RADIO SUPPLY CO. 
6213 13TH AVENUE SOUTH 
SEATTLE, WA 98108 
206-767-3222 
First i n  Ham Radio i n  Washington 
Northwest Bird Distributor 

Wyoming 

DENCO COMMUNICATIONS CENTER 
1728 EAST 2nd STREET 
CASPER, WY 82601 
307-234-9197 
Sales, Service t o  Wyoming 
and the Northern Rockies. 

' ALL-MODE VHF' 
amplifiers 

\ J 

FOR BASE STATION & REPEATER USE 

All units: Harmonics exceed 
-60 dB specilicalion of FCC 
RBO 20777 

12 143-149 MHz No Tuning rr 115 or 230V AC 
* A M - F M - C W - S S B  a 60dB Spurious 
? Low Harmonics ,'I Fully Protected Output 
a Heavy Duty a Internal TIR Switch 
a No Power Supply Needed Î r U.S. Manufactured 
a Illuminated Panel Meter f r  19" Rack Panel Option 
* + 13.5Vl3 Amp Socket Q Size&l /2x13x7"H 

Only two things are needed to put this power house on the air with your 
handytalky or mobile transceiver: a two foot piece ol  coaxial cable and a 
115 or 230 volt AC outlet. That's all. You do not need anything else. The 
mobile transceiver can be powered directly from the accessory socket 
located in the rear panel of the RFPL amplifier. It puts out + 13.5 volls at 3 
amperes. This is sufficient for powering most 15 watt transceivers. 
7- 7 I-' 

L L l j l  
DEALER INQUIRIES INVITED J 

- 
RF POWER LABS, INC. - 

H l!Ot3-lt8!nPlscsN E . K6rkland. Washlnglon W 3 3  - Tslenhono IM61B22 1251 . TELEX No 12.1042 

L/tr'& 
I 

DIPOLE /ANTENNA CONNECTOR 
MVC.QUE (H01 I  d001e ronn.Cl0~ hss 
car. Sli 2 i l i  roc*., r..olard !"la Dlrr. 
,,I,*,, 0 ,  ,a<,, r tm", ,,# .,<r.*, ="a. 
P I  :,.n Dl,,,! on t...fll",. Dl,",." ,r.,,. 
e *,,,,*,,;> ,PC" ,,>%t,,,C,,<,", , .>~I",<V<, , .,,., r.,l,!l.l.,l *, Ylllil Il.,ll"l. .I, II.95 
1"',.., 6 l.onl""n,"n ,n..l.,l"., 1,199 

BUDWIG MFG. CO. PO ~ o i  91". ~arnona .  CA 9,065 

K-ENTERPRISES 
F r c q ~ n t y  Counters Power Suppl~tr 
Prescalrrr Arnpllh~rr 
Marker & Ptakirm Frrllricnry 

Ccrlerators S!a$ldards 
W r i l t  for Free btalw 

Box 410 (P l~n~p Sta. Rd.) Falrland, OK 71343 
Phone: 918.676-3752 1 

S S S s S s S s s s S s s s s S S S S S S S S S S S S s S S S S S S S s s s s s s s s s s s s s s s s s s s s s s s s s s s s  

iCFP : . . . FOR ALL YOUR AMATEUR NEEDS i 
s S 
s ATLAS DRAKE 3 
s s 
s CUSHCRAFT TEMPO s 
S S 
s 

DENTRON 
s 

s TEN TEC s 
: 3 
s *;AESU FT-IO~EX s 
S S : REMEMBER, YOUR DEALER I S  RESPONSIBLE FOR WARRANTY REPAIRS DURING WARRANTY PERIOD. 

Mall Orders accepted. N. Y. residents add sales tax. s 
s s 
S n Transmitter sales t o  licensed amateurs only. s 
S s Store Hours 

C F P COMMUNICATIONS y & l ~ p . ~ .  : 
s 

211 STREET - Frl. & Sat. subject l o  : 
HORSEHEADS. N. Y. 14645 [ Hamlest m k e n d s  

f PHONE: 607.7390187 - Closed Sun. b Mm. f 
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nothing . There's I 
like it 

MOIOAMM&EURllboak 

Respected worldwide as 

the only complete authority 

for radio amateur 

QSL and QTH information. 

The U. S. Callbook has over 

300,000 W & K listings. It lists 

calls, license classes, names 

and addresses plus the many 

valuable back-up charts and 

references you come to expect 

from the Callbook. 

Specialize in DX? Then you're 

looking for the Foreign Callbook 

w i t h  a lmos t  300,000 ca l ls ,  

names and addresses of ama- 

teurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorite electron- 
Ics dealer or direct from the pub- 
lisher. All direct orders add 51.50 for 
shipplng. Illinois residents add 5 O A  
Sales Tax. 

RAOlO AMATEUR 

Lake Bluff, Ill. 6W44 

ur portable 2-meter radio 
goes anywhere you do!!! 

Wilson ... WE08O0 
800 channel - synthesized 
1 and 12 Watt RF Output 

k " Anywhere you go . . . camping, boat~ng, sporting events, 

.!\ ham-fests . . . or just "talking around town" in your car, 
the small and lightweight WE-800 portable i s  with you. 

Des~gned as an all-purpose 12 watt mobile or 1 wan 
portable unit, it's loaded with features to satisfy 

even the most discriminating amateur. 

"800" is for channels, from 144-148 MHz in 5 KHz 
s, up or down 500 KHz for your local repeater. 
There are also provisions for 5 pre-programmed 

frequencies of your choice. 

Additional features: Operates on rechargeable 
internal Nicad batteries (not included) Built-in 
S-meterloutput indicator Hi-Lo power switch 

Connectors for external antenna, speaker and 
power Mounting bracketlhandle, flex rubber 

antenna and 12 VDC power cord furnished. 

GENERA . Fraquar 
10 KHz 
S#rnrrlex r 
I , "  1" ,F 

MIS: 799 @ 8 . Type of CI 
: 13 6 VDC r 
7 ...-.,. n,,tn,, 

t KHz or 399 
~mmunicat8o 
leqatlve qrou 
1. 7.mn, b 

- . - -. . . 
~ c y  Range: 1 4 4 . 6 0  147 8'15 hlH, No. of Chsn~ C 

Oparatlng Mode. L>#r~<:l I r f . r~c#+.niy n>odulalton n : 
,r rrilnsm!tler ~ ~ I L P I  t 6 0 0  kH7 Operatow Voltaw nd . .- ... . .. VDC ranrpl .Current Drain: Tratt imnt 290 mA 63 , ...... vv.,-.. . . 12 

rv i l t l s  0111~111 Rccelve 45 mA squelched. 250 mA a1 tr l l l  AF r ~ t c d  outpul .Antenna im. 
mdance. 50 ohms nomrrlal . 5.81.: 8.114 x 6.314 x 1.718 lncher 1209.6 x 171.5 x 47.6 
nnsnl . Wesght: 1 Ib. 15 0 7 .  14 13 Kgl I3 Ib. 11 a? (8.16 Kql with Ix l te r ies .  Fraqumcv 
Datarm~nation Method: C-MOS "hare Imked looa. Offset O~ t i on :  Two oDlconal ofrw-t 

PERFORMANCE SPECIFICATIONS: 
TRANSMITTER: RF Output: HI-12W. Lo-1W. Frsguaney Stabill*: .OOl% . 1 V C W +  
GIYC . Local Or i l lator:  Simplex, 21.4 MHz: Offset *COO kHz. 22 MHz: -600 kHz. 20.8 
MI(; I O ~ , t ~ i ~ n r  I u r  two r n r l t i .  o l l rc l r  other than 600 kHzI. Harmonies& Spurious: Mare 
th,m 60 r l 8  below carrter. Dsvsstian: ? 5 kHz Audio Raloonse: i 1 -3 110 of 6 rlO/ -~~ ~ ~ -~ - ~ .  ~ ~ 

Or tavr .  PIP-emr,har,r rh.lmrlr8irtrcr l!nm 300 to 3000 Hi. 
RFCEIVER . Receovnnp System. nouhle CnnMrrZon S U I ~ T ~ P ~ ~ ~ O ~ Y I I I - .  First Local 0 s -  
c&llatar:  PLL  ouli)ijl of I F  21 4 MU,) . Forst IF: 21.4 Mti, 1 ~ 1 t h  2polp,rnnnol#thl~ 111. 
1t.!1 Second I F  455 k H >  l w ~ t h  a crravnsc I ~ l t r r l  .St~btloty: .OO1'i 1 0  - +6WC .Sm. 
rltnvnty. 3 u V  Inr 20 dB guapt~nq Squelch Sensitwily .? LIV. Spurious & lmnga Ralsc- 
toon- R E I ~ P ~  than 80 d B .  Inlermodulatnon: 60 dB. Selsctivlty ' 6 kHz at 3 dB. ' 15 
kH7 at 80 dB . Channel Sqactng: 15 kHr . Audio Owtput: 7 W 110":. dirtortion to 4 
ohm1 

For me --aesr- in ama teur an re, nnas, crar '~k-up tov ..... ---. 
demanc 

ver and 
. . .  ?meter radio equipment, depend on WILSUN 

f i t  from your nearest amateur dealel 

*Wilson Electronics sarp. 
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If you have rqis tered williin the last 
3 years you will receive a program and 
information brcxlhure in March. 

Admission $3 in advance. $4 at the door. 
Saturday night banquet 68 per person. 
Flea Market space $5 to  $8 per space 
depending on number of spaces. At door 

Start with moreexhibit and flea market onlv. Make check payable to: Dayton 
space than before. Then: informative Hamvention. P.O. Box 14. Dayton. 

For special hotel/motel rates and 
reservations information write to  ahove 
address. Inquiries: call 513-854-4126. 

Top it all off with the Grand Banquet. 
See you at the world's 

Saturday evening April 29. largest Ham Convention! 

No m i d m u .  order-low cDst Shlpplw. 
Plmt class stamp for ennp l s t l  f lyer .  

12805 Y .  SMLE, FAEELAND. KICHICAN 118621 

MILITARY 
SURPLUS WANTED 

or p a r l s  We p a y  l r e j q h l  C a l l  col lect  
n o w  tor our  hlgh o l f e r  201 440-8787 

S P A C E  E L E C T R O N I C S  CO. 
rtov n l  M ~ l ~ l a r v  Electrontcs COrP 

NEW ELECTRONIC PARTS 
IC'S - TRLWSISTOIS-~ROTOBOAROS - RESISTORS 
CArncITons - DIODES - s w  ITCHES - COWWECTORS 
VOLTAGE RECULATORS - CABIWETS- WElT SINKS 
FUSES A n u c n  M O R E - - S T A ~ P  s n t r c s  CATALOG 

SPECIALS 
KEYBOARD ENCLOSURES 

W D W W l C E  
14 8.3 3 1 1 1 . 5 P  
I4 IL3  3 114.50. 

BLUE # L I E  SPfClFV 
7 WIIITE OR B L L C I  TO? 
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Better than a pet rock! I;bW"1 .,. . * 1 ,, , - .. ,- 

.._- only 

Kantronics Freedom VFO 
$69.95 

With  almost 350.000 licensed amateurs on  the air. 
variable frequency operation isn't a luxury, it's a 
necessity. 

If vo~l've tried to operate a rock-bound transmitter on the HF 
bands today. you know there must be a better way. There is. 

The Kantronics Freedom VFO will drive the high 
impedance osc~llator tubes of transmitters like the HW-16. 
DX 60. DX-35 and other "oldie-but-goodies." 

The Freedom VFO sets you free to roam from 3.650 to 
3.750 MHz and 7.000 to 7.200 MHz. 

Give your pet rocks to a trusted fr iend and order a 
Freedom VFO today. Or write us lor information and a list 
of authonzed Kantronics dealers. 

\ R2KANTRONICS 
-3." 1-11,, l . l k ~ l l ~ l , ~ , ~ l ~ ~ l ~ :  ( ll<,tl,,l\ 

I >!I? 6 art 13rd Sf 
L . l n l l . l l c r .  r a n s a y  66044 

1 2 METER PORTABLE / 
I G.E. MASTER PR36 I 
I 132-1 50 MHz - 5 Watts 1 

All Solid State 
with Ni-cad Battery 

$228.00 
Vehicular Charger 4EP63A 
(sold only with unit) ............... $25.0 
A.C. charger 1 (subject 10 availabi~it~) ..................... $25.00 I I SpeakerlMike Type EM36 ................ $15.00 ( 

the cm0m-t antenna 
in town 
gives you the 
bttmt performance! 
Since the first Larsen Antenna was Introduced some 
15 years ago, this basic fact has not changed: 
Larsen Mobile Antennas are designed and bullt 
to  outperform. 

With the introduction of the Larsen exclusive KOlrod 
whip, this superior performance is a fact more 
than ever. 

We're not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 

Take any antenna other than a Larsen ... one with a 
regular unplated 17-7 PH stainless steel (.1001.050) 
tapered whip. Apply agood husky signal to it.. . 100 
watts, for, say, a full minute. Then, power off. feel 
the antenna. Careful! Burn blisters aren't pleasant. 

Next.. . try a Larsen KOlrod Antenna. Put it to the 
same test. 

Amazing isn't It! 

That's our story. Heat means power.. . power t ~ ~ a t  ~sn't  
radiated.. . power you shouldn't throw away. With the 
Larsen KSlrod, power goes into communicating 
instead of heating the antenna. That's why you can 
HEAR the difference. 

Larsen Antennas are available to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for complete catalog 
and list of dealers nearest you. 
n 

1161 1 N.E. 50th Ave. 
P.O. Box 1686 
Vancouver. WA 98883 
Phone: 2061573.2722 

In Cenade wrlte lo: 
Canadian Larsen 
Electronics. Ltd. 
1340 Clark Drive 
Vancouver. B.C. V5L 3K9 
Phone: 6041254.4936 

* Kiilrod IS a Registered 
Trademark of Larsen 
Electronics. lnc. 
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4 All the popular sizes and mixes. 
'\/ F a t  Service. Same day shipment 

via first class mail or air. 
\/ No minimum order. 

Chart shows uH per 100 turns. 

FERRITE BEADS: 

$2.00 DOZEN 

TO ORDER: Specify both core size 
and mix for toroids. Packing and 
shipping 50 cents per order USA and 
Canada. Californians add 6% sales 

Fast service. Free brochure and 
winding chart on request. 

I I I I I I I I ~ I I I I I I  
8K ECONORAM 11": kit - - MORE COMPUTER ITEMS 'I 

iS135. 3 kits for $375. 

I assembled and tested $155. 
This i. t h r  hoard that thouband. o f  o w n m  

.wan: on. ,,.,, .,. I,. ,. ",.. i. I -  ! ,rilrl,l! .,i,h 
I .v u - q u c  a,lI<r.\.ltlq i , ~ , l # lah  r..l#,lb#l~l~ lull b0111.1 

I 
zrvra l . ~  .%cr.,r\ th,?,r r I##I! 5t.l of .<x k#.lr Inll pvrh 
.,t%IV , ~ l , ,  m,,.! ,,*,p,,l,,, l.~.,,,,,~ L, ,I#, pr,cu, u,I%#<I# 1% 

all !lw mure ~r r r~ .~ rka l~ lu  h'rnu,.. r,l !hk. hrqh Ikvrl of 
~,,I.,I,~u n,,+. c,wlt-r ,,,V,C.<UV<I ,hj5 thjasd , t > ~ ~ s , .  I 77 
I .I\WV 01 Ki l iho~jd,  rlr,r!r%g u,,tL !he wrmrd$ 'If vrmum 

I 
nr.! cunnn~,.~I l h i  now lhn! tliv Frnnozo!n I1 I, rtneol 
lllr hvr, mvmrlw thy. on !I,* m"lk.,I lad.". W" 
rrnllv ltavv 1.8 IT onc ~nuqh rmksr -p lh r r  lhnl nt 

vou cork  for r n m n , n ~  nlro whn make' mrmory 

- 
"RH X 8 I CONOHAM Illt-" 1 , .  . > , ! n ,  1.1. . - , , I . .  
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FREQUENCY COUNTER CHIPS 
7207A $5.75 
7208 $15.95 

9368 $2.60 

74196 $1.41 
5.24288 M H z  Xtal $6.95 

95H90 $9.25 

l l C 9 0  $ 15.25 

VOLTAGE REGULATOR 
SPECIAL 

POSITIVE OR NEGATIVE 

YOUR CHOICE 
ONLY .99 EA. 

7805 7905 
7806 7906 
7808 7908 

7812 7912 
7815 7915 

7818 7918 
7824 7924 

.................................... 
ALSO 

78H05 5V. 5 amp $8.50 

78H12 12V. 5 amp $8.50 

ZENER DIODES (1-WATT) 
3 FOR $1.00 

1N4733A 1W, 5.1V 1N4743A 1W. 13V 
lN4734A lW, 5.6V lN4744A 1W, 15V 
1147356. 1W. 6.2V 1N4745A 1W. I6V 
1N4736A 1W. 6.8V lN4746A 1W, I8V 

1 1N4737A IW, 7.5V 1N4747A 1W. 20V 
IN47381 lW, R.2V 114748A lW, 22V 

I 1N4739A 1W, 9.1V 1N4749A 1W. 24V 
1N4740A lW, 10V 1N4750A 1W. 27V 
1N4741A 1W, 11V lN4751A 1W. 30V 
1N4742A 1W, 12V 1N4752A 1W. 33V 

TRANSISTORS - FETS 
2N5179 $ .70 
40673 $1.25 
MPF102 $ .50 
2N6081 $8.60 
2N6082 $11.50 
2N6084 $ 13.95 
2N5589 $4.95 
2N5590 $6.95 

CIRCUIT SPECIALISTS CO. 1 
BOX 3047 I 

SCOTTSDALE. AZ 85257 1 

122 a april 1978 More Details? CHECK - O F F  Page 126 



# K.V.G. I CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9.A 2.5 kHz SSB TX $33.55 
XF9-B 2.4 kHz SSB RX/TX $47.75 
XF9.C 3.75 kHz A M  $51.40 Export 
XF9.0 5.0 kHz AM $51.40 
XF9.E 12.0 kHz NBFM 151,40 Inquiries 1 XF9.M 0.5 kHz CW (4 pole) 135.95 

, XF9.NB 0.5 kHz CW 10 oole) S63.95 
Invited 

~.~ - , - - - . . 
9.0 MHZ CRYSTALS (Hc25/u) Shipping 
XF9001 9000.0 kHz Carrier $4.15 
XF9Ol 8998.5 kHz U S 6  $4.15 $1.25 
XF902 9001.5 kHz LSB $4.15 
XF303 8 '~qg.o  h t iz  BFO $4.15 per filter 
F-05 Hc25/u Socket Chassis .50 
F-06 Hc25/u Socket P.C. Board .50 
ALSO AVAILABLE FROM KVG 
10.7 MHz  CRYSTAL FILTERS AND XTAL DISCRIMINATORS 
OSCILLATOR CRYSTALS 50 kHz TO 150 MHz 

Wri te for Details 

PRE-SELECTOR FILTERS 
ELIMINATE I M D  "BIRDIES" 
FROM YOUR RECEIVER. 
CLEAN U P  YOUR TRANS- 
MITTER OUTPUT. 

432 MHz PSf432 $39.95 
1206 MHz PSf1296 $39.95 
1691 MHz PSf1691 $52.45 

Shipping $3.50 

432 MHz SSB TRANSVERTERS 
Use your HF Tranrcr8vcr on the 432 MHz band w~th  the addition of the 
MML432 linear Tranrvcrter. The MMt432 op?rates on all modes; SSB, CW, 
AM, FM. i t  conlainr BOTH the linear transmit up.converlcr and the re- 
ceive down-convcrler. As internal PIN diode T/R connects lo your Trans- 
cclwr T/R lone. The MMt432 is FTlOl and similar HF rig compatible. Add 
the 70/MBM48 MULTIBEAM and operate direct into OSCAR 7 mode 0. 
Write for application note. 
Specifications: 
Output Power 10 W PEP 
Drive, 10 Meters 'A W max 
Receiver N.F. 3.0 dB typ 
Recelver gain 30 dB typ 
Prime Power 12 V O.C. 
Shippnng: $3.50 
MMt432.28 MKA $249.95 MMt144-28 $199.95 
MMt432-50 $249.95 Also Available: 
M M t 4 3 2 - A N  $259.95 FMt440-146 $ 154.95 
MMt432-144 1319.95 QMt432-144 $154.95 

ANTENNAS ( F o e  CONCORD. VIA UPS) 
144-148 MHz 
8 OVER 8 J-SLOT +12.3 d B d  D8/2M $41.95 
8 BY 8 VERTICAL POL. .. D8/2M-VERT. $49.95 
8XY/2M $41. 

420450  M H z  

MULTIBEAMS 

48 EL. GAIN +15.7 dBd  70/MBM48 $47.95 
88 EL. GAIN +18.5 d B d  70/MBM88 $73.50 

UHF LOOP YAGlS ~ ~ 

26  LOOFS GAIN +20 dB1 
1250.1340 MHz 1296.LY 
1650.1750 MHz 1691-LY 
-- ~- 
Send 2bc (2 stamps) for full line catalogue of KVG crplal products and 
all your VHF 8, UHF equipment rrqulremnts. 
Prc-Selector Filters Amplifiers SSB Tramnrters 
Varaclor Trlplers Crystal Filters FM Transnrters 
Decade Pre-Scalers Frequency Meters VHF Connrters 
Antennas Orrillator Cnstals UHF Conwrlers 

Post 0 
wd, Mas 

ffice Box 
s. 01742 
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LINEAR AMPLIFIER 
TPL proudly presents the first true power 1/4KW 

SSB/AM, FM or CW solid state 
2 meter linear amplifier 

The 2002 utillzes the latest state of the art engineering In- 
cluding micro-strip circuitry and modular construction. The 
three final transistors combine to produce 250W when driven 
by 15W or more at 13.8VDC. 

A remote control plug allows you to operate wlth the ampli- 
fier ON or OFF, or in SSB/AM, FM or CW from the dashboard. 
This bmad band amplifier will cover the entire 2 meter band 
with no degradation and will also cover the adjacent MARS 
channels with only a slight degradation.No tuning is required. 

A seven pole low pass filter attenuates all harmonics 60dB 
or greater as required by the FCC. 

 ode^ 2002* $479.00 
can be ordered for repeater application. 

19" rack and panel mounted with cooling fan 

POWER INPUT: 
5-ZOW Carrier FM or CW 
20W PEP maximum SSB or AM 

POWER OUTPUT: 
200-250W carrier FM or CW 
300W PEP SSB or AM 

FREQUENCY RANGE: 
144 to 148 MHz* 
' will operate wlth slight degradatlon at 

142 and 150 MHz. 

HARMONIC AlTENTUATION: 
All Harmonics Attenuated 60 dB or Greater 

CURRENT DRAIN: 
FM-40 Amps @ 250W 
SSB-30 Amps @ 300W PEP 

D U N  CYCLE: 
FM 50% @ 150W 33% @ 250W 
SSB 60% @ 150W 50% @ 250W 

/pr for additional infonnatlon contact 

COMMUNICATIONS INC. 
1324 W 135TH ST .  GARDENA. CA 90247 (213) 538.9814 

Canada: 
Lcnbroo* Industries. Ltd.. 1145 Eellamy Rd.. Scarborough. Ontario MIHlHS 

ExpoR: EMEC Inc.. 2350 South 3Mh Avcnw. Hallandale. Florida 33009 
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KIT-UNFINISHED CASE . . . . . . . . . . . . .$58.95 
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ZSV l tW lNG OISTANCI . 6HOUASLMINUTES 

. .l"SICONOS 

+ C O M P I I l I  WITH WOO0 CASE 

. n' LEOMODULI~ 

. C O M P l I l f  WITH CASE. 
BRACKET &TIME S11 
PUSHBUTTONS 

. ALARMOPTION 

P.O. BOX 2159 
DUBLIN, CALIF. 94566 

[This MFJ RF Noise Bridge . . . 
lets you adjust your antenna quickly for-maximum 
performance. Measure resonant frequency, radia- 
tion resistance and reactance. Exclusive range 
extender and exwnded capacitance range gives 
you much extended measuring range. 

M I  l iF  NOISE RP 

C - ----.----- I 
This new MFJ.202 RF Noise Bridge lets you 

qu~ckly adlust your s~ngle or mult~band dlpole. In 
verted Vee, beam, vertical, moblle wh~p or random 
system lor maxlmum performance 

Telh resonant hequency and whether to shorfen 
or lengthen your antenna lor mlnlmum SWR over 
any portlon ol a band 

MFJ's exclusive range extender (Included) and 
expanded capacitance range ( i 150 pi) glves un 
paralleled Impedance measurements lrom 1 to 
100 MHz 

W a ~ s  wiih any M m  a hansccivn SO 239 
connectors 2 x 3 x 4 Inches 9 volt battery 

Other user: tune transmatch, adjust tuned clr 
cults measure ~nductance. RF Impedance ol amp11 
hers, baluns, translormers, electrical length, velo 

I c ~ t y  factor, Impedance of coax, synthesize RF Im 
oedances w ~ t h  transmatch and dummv load 

Order fmm MFJ and try i t  - no obligalan. If 
not delighted, return 11 withln 30 days for a relund 
(less shlpplng). This br~dge is uncond~t~onalty 
guaranteed for one year. 

To order. simp& call us toA free 800-647-8660 
and charge it on your VISA or Master Charge or 
mall us a check or money order tor $49 95 plus 
$2.00 lor sh~pplng and handling. 

Don't wait any longer to enjoy maximum an- 
tenna perlormance. Order today. 

MFJ ENTERPRISES 
P. 0. BOX 494 
MISSISSIPPI STATE, MS. 39762 
CALL TOLL FREE . . . . 800-647-8660 
For techn~cal inlormation. order and repair status. 
and in Mississipoi. call 601-323-5869. 

- 

1 us to - . 6  ,go. . -0 
U Y *  r.. I. ! 

10 rnv@ 
1 sec. - I 150 MHz I 

The New Model CTR-2A Series Counters are deslgned and bu i l t  t o  the highest standards 
t o  fu l f l l i  the needs of  commercial communlcatlonr, engineering labs and serious experl- 
mentors. With an accuracy o f  + .00005% loven opt ion)  the CTR-2A can handle the m o l t  
critical measurements and Is about half the cost o f  other commercial counters. 

If you  need a reliable counter at an affordable price, the CTR -2A is theanswer. 

B u i l t - i n  P r e - A m p  10 m v  @ 150 M H z  P e r i o d  Measurement  ( O p t i o n a l )  
8 D l g l t  .3"  L E D  D ~ s p l a y  i n p u t  D ~ o d e  P r o t e c t e d  
H ~ g h  S t a b t l ~ t y  T C X O  T ~ m e  Base I 2 V - D C  Operation (Optional) 

r B u ~ l t - ~ n  V H F - U H F  Prescaler O v e n  C o n t r o l l e d  Crys ta l  ( O p t i o n a l )  
A u t o m a t ~ c  D p  P lacement  + .5 p p m  
T C X O  Std .  2 2 p p m  Setect ib le G a t e  T i m e s  - 1 & 1 sec. 

500 MHz K I ~  CTR.2A 500K 
500 MHz Assembled CTR 2 A  500A 
1GHz Kbt CTR-2A 1OOOK 
1GHz Assembled CTR 2A-1000A 

OPTIONS. .  . . 
02) Oven Crvsral $49.95 051 1 0  rec. 
031 .43" LED 10.00 061 Period 
041 12 V.DC 10.00 071 Handle 

See You at the -1 Davton Show 
UAVIS E l  ECTRONICS 6 j 6  S h ~ r ~ d a r ,  Or . .  

Time 

Toni 

Base $ 5.00 
15.00 
10.00 

m z  
I . .  N Y 14150 7 1  
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REPEATER USERS - stay in Touch - with DSI 

I UNlvERsAL TOUCH-TONEB ENCODERS 
The Data Signal TTP Series of keyboard encoden is used to 
generate the standard 12 or 16 DTMF digits. The encoden 
provide fully automatic transmitter k?ying and feature a 
delayed Transmit Ready light, an lnterdlglt tnmer, and a built. 
on audio monitor. Features also onclude all solld-state, crystal 
controlled, d~gdtally.synthesized tones and an optlonal internal 
mount Automatic Number Identifier (ANI). 
TTP-1 (12-digit) $59.00 
TTP-2 116dil i t)  S69.W . - 
MODEL DTM - Completely self-contained miniature encoder 
for hand.held portables. Only 5/16" thlck. Three wire con. 
nect~on. Autornmtic PTT keyin optional. With our cholce of 
krvhnards Price: DTM - $49.?0. DTM.PTT - $54.50. - -  ~ 

.Touch-Tone is a reg~stered trade name of AT(LT. 
-- 

SUB-MINIATURE ENCODERS 

MODEL SME - Smallest avantable Touch Tone Encoder. Thin. 
only .05" thick, keyboard mounts directly to  front of hand. 
held portable, while sub-mlnlature tone module fits inside. 
This keyboard allows use of battery chargers. Price 134.50. 
with your choice of keyboards. 

- 

AUTOPATCH - Ready to go! 

A Complete Autopatch facllity that requires only a repeater 
and a telephone Ime. Features nnclude s~ngle.digtt acceb,/ 
docconnect dtrect d~al ing from moblle or hand.held radios. 
ad)ustabte'ampllfiers for transmitter and telephone audlo. and 
toneburst transponder for acknowledgement of patch dls- 
connect. 
RAP.200 P. C. Card 
R A P - Z ~ R  Rack Mount 

2403 COMMERCE LANE 
ALBANY, GEORGIA 31707, 912-883-4703 

K E N W O O D  Transce~ver  
TS-820s 160 t h r u  l O M  S1098. 

I C O M  Transce lve r  % FM 
S S B  IC 21  1 $749. 

YAESU ~ r a n s c e T v e r  
FT-301,160 t h r u  l O M  $769. 

Other locations: 
(Walk-in customers only) 
Bellevue - 12001 N. E. 12th 
Everett - 6920 Evergreen Way 

The Leader in the Northwest! 
ATLAS ICOM KENWOOD YAESU 

NEW from KENWOOD! 

K E N W O O D  Transceiver  K E N W O O D  Llnear A r n p l ~ f i e r  
TS-520s 160 l h r u  10M $739. ( less  DG-5) TL-922 . . ,  .. . :,. .b..,,,,,r., ,.,c 

I C O M  T r a n s c e ~ v r r  2 M  FM 
I C  245 $499. 

COMMUNICATIONS 
17550 1 5 t h  AVE. N.E. 

SEATTLE. WASH. 981  55 
206.364.8300 

-- v I 
m 

VIY( 
YAESU F T  221R 

D 2 m e t e r  FM-SSB S688. 

-1 TO PLACE ORDER 
& m q  CALL TOLL FREE 

IN STATE OF WASH. 
1-800-562-7625 

\ 
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~dver'sers v 
check-off 

... for literature. in a hurry -- we'll 
rush your name to the companies 
whose names you "check-off" 

Place  your c h e c k  m a r k  i n  t h e  s p a c e  e t w e e n  
n a m e  a n d  n u m b e r  . Ex: Ham R a d i o  J234 

INDEX 

ABC - 571 
AGL - 558 
ALDA 625 
Aldelco 347 
A l u m  - fg9 
Am Elect . Supplv - 6YI 
Am . Who lm le  

Elscl . - U03 
Anller - YI7 
A r m  ' 
Atlantic Surplus - Ed4 
AIler 198 
Bat~msn 017 
B~~ckeve - 672 
Budwlg 233 
Bullel 328 
Burlmnk 669 
CFP 022 
CWElecl -533 
C~rcucl Sarc . 026 

Dav!orl Hamvent~on 
Dt:nTron 259 
Drake - 039 
E T O '  
Elactrocom . 653 
Elec! . Dlsrr - 044 
Elect . Eqvtp . Bank - 288 
Elccl . S~ljr>al - 670 
E r g  Spcclalt~er 658 
Erlckson . M 7  
rT  Accmorces 646 
Flukc 049 .. 

GLR 552 
Godbwl  847 
Grav - 055 
Greqorv ' 
Gull 635 
Hal - 057 
Hal Tron#x - 254 
Ham Cenret 491 
H R C B  1 5 0  
HnmOonlrs 246 
Heath -. . 060 
Hrrnry 062 

leom - 065 
Integ . Ctrcu8ts - 518 
In1 . Crystal - 066 
Jamas E l m  - 333 
Jan - 067 
J<m- - 626 
K Enlerprtres 071 
Kanlronlcs MS 
Kengore - 558 
Kenwood ' 
Kesler ' 
Klaus 430 
Lafayelte 598 
Laraen .- 078 
Lun:l's - 468 
Lunar 577 
Lyle, 373 
MFJ _C82 
Madlsan 
NuDala 455 
Oak Hill Am . Radlo 

Sess 213 
Optr~leclron8cr - 352 
Palomar - . 093 
Partrldqe - 439 
Plpo 481 
P C P . - W B  
RF Power Labr 602 
Callbook - 100 
Radio Sys . Tech . - 422 
Radlu World ' 
R ~ m r e y  - 442 
Regency - 102 
Rocherler Hamfsrt 
Ruckwell. Calllnr - 258 
SST - 375 
Securnron 461 
Sllewocd 435 
Slco 232 
Solrd Slate Tme 636 
Soace 107 
Soeclranoes _ 191 
Speclrum In1 . 108 
TPL - 240 
TX RX 671 
Ten Tec 
Trrstao 118 
Tultr - 321 
VHF Eng . - 121 
Vanguard 
Varlan MJ 
Websler A s o c  . - 423 
We~nrchenker - 122 

'Please conlacl lhar adverr~ser dareclfy 

Limit 15 inquiries per request . 

April 1978 
Please use before May 31. 1978 

Tear OH end mil lo  

H A M  RADIO MACAZINE . "check off' 
Oreanvilla . N . H . m0(8 

NAME . . . .  

CALL 

STREET 

STATE . . . . . . . . . . . . . . . . . .  ZIP . . . . . . . . . . . . . . . . . . .  
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AGL would like you 
to 

CONSIDER KENWOOD 
For arampla. the AT-200: a now and vanall la x- 
cessory lha l  belongs in every slalion . The AT-200 Is 
an anlenna tuner. but i t 's also much more - il's an 
antenna swilch . an SWR bridge. and an ~n-l lne watt- 
meter . The AT-ZOO reduces the clutter and in- 
creases the operating et l~c~ency ol your station . 

- or - 
How about Iha SP.820 . an extarnal spaaksr daslgn- 
ed lor use with the Kanwood TS-520 and TS-820 
lranscaivers. in  place ol the intarml speakars . The 
SP-820 tealures built.ln . seleclable lone I~ l ters  to 
atlenuale hlgh or low-lraquency response Inpuls . 
and two.channel. selectable headphone outpuls  
swltchable lhrough the tone lllters . 

SP-820 A T  200 

I@KEMNOOD] p. ...,,.. I" .mar.. . I.. A*.. 

AGL also takes great pride in 
stocking these other great lines 
of Amateur radio equipment . 

KLM ..itiR,! 
@'ectronics 

h t  engdneerdns 

R O ~ ,  o co Inc 

AIDL~N I I V I C ~ ~ ~ r , (  , NAI D 

home ' 2 1  or,,,,,,,, 

We'll see you in Dayton 
April 28th . 29th and 30th! 

CALL US TODAY - [=I TOLL FREEAT F] 
1-800-527-7418 - 

CALL 214-241-6414 (in Texas) 
ART K9TRG GORDONNSAU 

MIKE NSFL MIKE NSMP 

TOM KSTM 808  WSXC 

W e  senica and repalr a l l  malor llnes of 
A m a t e u r  Redlo wulpmanl . 

(AGL t ~ e c h i c s )  
3068 FOREST LANE, SUITE 309 

DALLAS, TEXAS 75234 
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. . . . . . . . . . . . . . . . . . . . . . . . . .  ALDA CommunlCdlions 37 
Aldelco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 M  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Allanl~c Sutp4usSales 106 
AtlarRadoo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
R H BaumnSalssCa . . . . . . . . . . . . . . . . . . . . . . . . .  94 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Budwlg M lg  Co 118 
Bullel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Burlwnk Eleclroncs 106 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  CFP Commun~~sl tom 118 

. . . . . . . . . . . . . . . . . . . . .  CW Elecltonlc SslesCompnv 98 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Crrcual Specmlse 122 

C1qg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 M  
Cornmunowhom Centar . . . . . . . . . . . . . . . . . . . . . . . . .  112 . . . . . . . . . . . . . . . . . . .  Commun~wltom Speelal*Its 58 59 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Canl8nenlal Speclallles 79 
Cryslal Banking Sarvce . . . . . . . . . . . . . . . . . . . . . . . . .  102 
Cushcrall . . . . . . . . . . .  m.71 
DbVRadboPaRa . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lm 
OSl Inswumene . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78.77 
Dames Commun~eat~ons S v r l e m  . . . . . . . . . . . . . . .  94 
Dames . Ted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
Data Signal. lnc . . . . . . . . . . . . . . . . . . . . . .  125 
Dav~sElcctronm . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 . 124 
Dayton Hvmvenr~on . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 M  
DenTron Radio Comwny . . . . . . . . . . . . . . . . . . . . . . .  7.93 
DlakeCo . R L . . . . . . . . . . . . . . . . . . . . . . . . .  42.43.84 
Ehnliorn Technolo~~cal Operatiom . . . . . . . . . . . . . . . .  127 
Ele~lr~"mlndu.lrle. . . . . . . . . . . . . . . . . . . . . . . . .  98 
Eleclro~rtc Dmlrtbotors . . . . . . . . . . . . . . . . . . . .  88 
Electron8c Equ8pmanl Bank . . . . . . . . . . . . . . . . . . . . . .  104 

. . . . . . . . . . . . . . . . . . . . . . .  Electronoc Srqlwl Producls 112 
Engmeer~ng Spsclall~er . . . . . . . . . . . . . . . . . . . . . . . .  109 

. . . . . . . . . . . . . . . . . . . . . . . .  E~~ckronCamm!8r~#cal~om 104 
FT Accessor8es . . . . . . . . . . . . . . . . . . . . . . . .  92 
Flukc Manu~Iaclur8ngCo . . . . . . . . . . . . . . . . . . . . . . . . .  78 
GLB . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
Godboul Elecrron~cs . . . . . . . . . . . . . . . . . . . . . . .  122 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gray Electrontcs 106 
Gregory Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
Gull Elec!ron$cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
H ~ I  Communtcat~omCarp . . . . . . . . . . . . . .  52.53 
Ha1 Tron, x . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
Ham Radio Center . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
Ham Radlo'r 

Comnwntca!nons Bookslore . . . . . . . . . . . . . .  70.86.89 
Hamtronlcs . Inc . . . . . . . . . . . . . . . . . .  91 
Heath Company . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Henv Rad8oSlores . . . . . . . . . . . . . . . . . . .  Cwer I1 
I C O ~  . . . . . . . . . . . . . . . . . . . . . . . .  5 
lntegraled ~acuots Unl8mtted . . . . . . . . . . . . . . . . . . . . .  107 
l n le r~ l~ona lCrvs la l  . . . . . . . . . . . . . . . . . . . .  85 
James Eleclrontcs . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Jan C r y ~ l a l ~  88 
. . . . . . . . . . . . . . . . . . . . .  . Jones Marlin P b Amoc 114 

K E n  . . . . . . . . . . . . . . . . . . . . . . . . .  118 
Kanlron8rs . . . . . . . . . . . . . . . . . . . . . . . . . .  114 . 121 

. . . . . . . . . . . . . . . . . . . . . .  Kengore Corp lU3 
Trio KenwocdCommunical!om . Inc . . . . . . . . . . .  8.9. M . 65 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kesler Solder 86 

. . . . . . . . . . . . . . . . . . . . .  Lyle Producls 96 
MFJ Enterprl- . . . . . . . . . . . . . . . . .  2 . 124 
Madlron Eleclronlc Supply . . . . . . . . . . . . . . . .  98 . 102.114 

. . . . . . . . . . . . . . . . . . . .  NuOala Etoclron~cr 120 
Oak Hill Arademv Amateur Radlo Session . . . . . . . . . . .  88 
Optneleclron~cs . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
Palomar Englneem . . . . . . . . . . . . . . . . . . . . .  83 . 122 

. . . . . . . . . . . . . . . . . . . . . .  Parl!#dgelHRl Eleclronlcs 112 
P, ~>aCammun~cal~ons . . . . . . . . . . . . . .  93 
Punled C##CUII PICKIIICIS . . . . . . . . . . . . . . . . .  94 

. . . . . . . . . . . . . . . . . . .  RF Power Labs 118 . . . . . . . . . . . . . .  Radio Amateur Callboh 90 119 . . . . . . . . . . . . . . . . . .  Radio Svsiemr Technology 1°C 96 
Radm World . . . . . . . . . . . . . . . .  112 

. . . . . . . . . . . . . . . . . . . . . . . . .  Ramrev Elecrrontcs 105 
. . . . . . . . . . . . . . . . . . . . . . .  Regency Eleclron, cs 115 

. . . . . . . . . . . . . . . . . .  Rochester Hamlest 110 
Ruckwell Inlernalnonal . 

Coll~nr Groups . . . . . . . . . . . . . . . . .  
SST Elecrron8cr . . . . . . . . . . .  
Securllron . . . . . . . . . . . . . . . . .  

. . . . . .  S h e w a d  Englneertng 
Slep Eleclronacs Co . . . . . . . .  
Scllrd Slate Ttme . . . . . . . . . . .  
space Electronlcl . . . . .  

. . . . . . . . . . . . . . . . .  Speclron8cr 
. . . . . . . . . . . . . .  Spec!run> Internartowl 

. . . . . . . . . . . . .  TPL Commun~caltuns 
. . . . . . . . .  . TX RX Systems Inc 

. . . . . . . . . . . .  Ten Tec 
Trtslan Tower . . . . . . . . . . . . .  
Tultr Radm Eleclron~c~ . . . . . . . . . .  
VHF Enomeerana Dlv of Bmownrn . . .  
~angua;d Labs " . . . . . . . . . . . . . .  
Vartan . Elmac Dlvsmn . . . . . . . .  

. . . . . . . . . . .  Websfon Asscrc la l~ 
Wetrl~~llenker . . . . . . . . . . . . . .  
Western El*rlrontcr . . . . . . . . .  
Wh~tehouse . G R b Co . . . .  
W8lrun Elcccron~cs . . . . . . . . .  
Vaesv Electronrl Carp . . . . . . . . . .  

More Details? CHECK-OFF Page 126 



ETO builds every ALPHA Linear Amplifier to run maximum legal power NTL* 
with high efficiency on all bands and in all modes. '(NoTime Limit) 

QST says it: ALPHA 374 

"(ALPHA 374 is] an amplifier fully capable of continuous operation at the legal 
power limit. . . hardly larger than the average ssb transceiver." 

" . . . no-tune-up . . . high power operation requires no more adjustment than 
that involved in operating the exciter." 
" . . . there is no need to worry about whether the tubes or the power supply 
can handle a full kilowatt." 

"At no time . . . including two contest weekends when it was subject to 
constant use . . . did the w~i ter  feel that the amplifier capabilities were even 
close to being taxed." (QST, April 1975, p. 42-45.) 

QST says it: ALPHA 76 

"Typically excellent ETO construction techniques. . . in the (ALPHA] 76." 
"The transformer. . . is a 1.5 KVA continuous-se~ice unit." 
'The unit runs cool and quiet." 
'The ALPHA 76 more than exceeds harmonic attenuation (requirements.] . . . 
Third-order products are approximately 40 dB down . . . " 
" . . . 1 kW cw input provides excellent efficiency . . . " 
"Output efficiency as measured in the ARRL laboratory was better than 60% for both 2000 
watts PEP and 1000 watts cw input on all bands." (QST, Ianuary 1978, p. 35-36.) 

FIRST CLASS IS ALPHA: Sure you can buy a cheaper linear.. . 
1 but is that reallywhat you want? 

, - ,  -- 
ALPHA 374 

No Tune Up, 80-10 meters! 
2+ KW PEP, 1 KW avg.. NTL 
RF output typically 1200+ Watts 
PEP into 1.5:l SWR 
Harmonics -50db; IMD -30 db 
0.9 cu. ft.; 52 pounds 

18 M O N T H  WARRANTY 

- 
'Y- - 

ALPHAIVOMAX 
New split band speech processor 
can boost your "talk power" lOdb or 
more when conditions get rough. 
Very low distortion, easy to install 
and use with any rig. 
18 M O N T H  WARRANTY 

- 
ALPHA 76 ' 
2+ KW PEP. 160-1 0 meters 
1000 watts average. NTL 
Full pi-L; harmonics -52db 
Nominal efficiency over 60% 
Just 1 cu. ft.; 70 pounds. (Light- 
weight option, 50 Ib.) 

18 M O N T H  WARRANTY 

CALL OR WRITE YOUR DEALER-OR ETO DIRECT-FOR DETAILED LITERATURE AND FAST SERVICE 
ON THESE AND ALL ALPHA PRODUCTS EF Ehrhorn Technological Operations, Inc. 

P.O Box 708 . Cafion City. Colorado 81212 . (303) 275- 1613 



KENWOOD TS-820s transcelver 
The NEW Kenwood TS-8205 features a factory installed digital 
frequency readout. 160 thru 10 meter coverage lnte ral IF 
s h i f t  RF s p e e c h  p r o c e s s o r  VOX 8 o l s e  
blanker PLL Built-in 25 KHz calibrator CW side tone (L 
semi-break-in IF OUT. RTTY. (L XVTR Phone patch IN and 
OUT term~nals. 

1098.00 is list price. Call Toll-Free for quote. 

KENWOOD TS-520s 
SSB transceiver 
TS-520s features: 160 thru 10 meter 
coverage Optional DG-5 frequency 
display (on top of unit) New speech 
processor with audio compression 
amplifier Built-in AC power supply 
(DC-DC converter, optional) RF 
attenuator Provision for separate 
receive antenna 8 phone-patch. 

739.00 list price. Call for quote. 

KENWOOD TR-7500 2m FM transceiver 
The NEW TR-7500 has the features you need! Check these: PLL 
synthesized 100 channels (88 pre-programmed. 12extradiode 
programmable) Single knob channel selection 2-DIGIT 
LED frequency d~splay Powered tone pad connec- 
tion Helical resonators 10 watts HI output. 1 watt LOW 
output. Available very soonl Call us for quote. 

299.00 list price. cal l  for quote. 

KENWOOD TR-7400A 
2m FM transcelver 
Features: CTCS provisions. encode 
and decode 25 watt output RF  

Solid-state final stage LED readout 
PLL gives 800 discrete channels 
Repeater offset circuit PLL unlock 

protection circuit MOS FET. 

399.00 list price. Call for quote. 

KENWOOD SP-820 
speaker 
Now you can have an external speaker 
in your shack that's designed just for 
your TS-820s transceiver. Matching 
appearance, plus built-in selectable 
tone filters, 2 channel selectable 
headphone output switchable through 
the tone filters. 

49.00 cal l  tor yours today. 

Remember, you can call TOLL-FREE: 1-800-833-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday 

- 

MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS: 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 



1 CARR OSC unit 
2 VOX unit 

- - 

D MODE sw~tch (SSB. CW. FSK. AM. 
FM) 

E Crystal cal~brator/No~se blanker 
F Reject~on tunlngtvanable IF passband 

tunlng ( <I*. 

G Frequency memory system 
H D~g~tal plus analog frequency readout 
I Band sw~tch (160-10 meters + 

WWVIJJY rece~ve) - -  - - - - - - - - L y r m  h - l . - --- * v -!- ,-? 
J Clar~f~er control 
K RXtTX Clanf~er selector 
L RF Processor level 
M RF anenuator 
N TUNE control (Places transrn~ner In 

"TUNE" cond~t~on forten seconds, then 
returns to "rece~ve' cond~t~on to protect 
f~nal tubes from excesslve keydown 
t~me) The smart radio 





THI 
ue 

Send for your copy of the world's 
largest selection of quality electronic 
products in easy-to-build, money- 
saving kit form! Nearly 400 kits in all 
- all with Heath's world-famous 
assembly manuals that take you 
step-by-step from un~acking to 
final pli 

fill in caru anu ma~u 4dW 

Please rush me my 
personal copy of the 
new Heathkit catalog. 
I am not on your mading Ilst. 

Name 

city state 

PC-128 Zip 

HAM RADIO Depl. 122-4MI 



-* 

! - Send for your 

Complete descriptions and 
s~ecifications of nearly 400 

incluc 
d stereo CI 

nents 
marir 

-31 A 

: kits 
ding: 
mpo-  
; auto, 
~e ana 
ICCeI- 
dlgital 
cs and 
,ather 

peraonal 
computers 

v- and lots 
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