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Low priced, dependable and the most 
compact receivers alailable 

MS-2.  4 channel scannlng recelver for VHF h ~ g h  band. smallest 
unit o n  the market MR.2 same size as M S - 2  but has manual 
select~on o l  1 2  channels VHF htgh band. MR-3. mtnlature 2- 
channel VHF h ~ g h  band monttor or paglng recelver. MR-3U. 
single channel on  the 4 0 0  to 51 2 UHF band All  are low prlced 
and dependable Now avallable wi th accessory CTCSS and 2- 
tone decoders 

TEMPO rEF\AP-2 P, l r n  7 1 
An exciting approach to 
mobile communication 
Compact transceivers offerlng versatility and perform- 

TEMP? ;"" soltcl s tate  ance S u p p l ~ e d  wt lh an unbreakable remote control 
power arnn'if!ers , ,,I i~de-away mounting In m o b ~ l e  use and to p rov~de a small neat package for 

Boost your signal. . .give it barr- n p p l ~ c a t ~ o n s  6 channel c a p a b ~ l ~ t y  w l th  one suppl~ed.  A hand-held PTT micro- 

the range and clarity of a phone and 2 0  foot cable supplted 2 watt power output for low current. low power 

higher powered base station. app l~ca t~ons ,  but des~gned for output u p  to 1 2 0  watts on  VHF. and u p  to 1 0 0  watts 

on UHF. W ~ t h  AC power supply becomes a base stat~on w ~ t h  1 2 0  watts VHF or 1 0 0  
VHF (135 to 175 MHz) watts UHF. 

Drive Powrr Otnlpttr Mod+!l No.  Proce 
2W 130W 130A02 5199 

1 ow 130w 1 3 0 ~ 1 0  5179 ~ ~ m r n 5  r , rwc  /phg? kr*-l_nr= 
30W 130W 130A30 $189 

2W 80W 80A02 5169 S t i l l  the  best buy i n  a mobile transceiver.. . compare 
1OW ROW 8 0 A l 0  5149 features. . .compare prices. 
30W 80W 80A30 5159 Full 2 meter coverage. 144 to 1 4 8  MHz for both transmit 

UHF (400 to  512 MHz) and receive. 25 watts or low power output selectable. 
D r ~ v e  Power O u t p u t  Mode l  No.  Prlce Remote tuntli!l r , r i  n11r lophr~ne . S~cfeband operation w ~ t h  SSBIONE adapter - MARS operation 

2W 70W 70D02 5270 capab~ l~ ty  - 5 kHz numertcal LEO. Full phase lock synthes~zed (PLL) Automat~c repeater 
1OW 70W 70D10 5250 spl~t-selectable up  or down . Two bu~ l t - tn  programmable channels All solld state 8 0 0  
30W 

2W 
70W 70D30 SZ1o selectable recelve frequenc~es w ~ t h  stmplex and t 6 0 0  kHz transmit frequenc~es for each 
40W 40D02 5180 

l o w  40W 40010 5145 recelve channel St111 only $ 3 9 9 .  

2W 10W 10DOZ 5125 
Lower pounr and FCC type accepted models 81.0 
avn~lablr 

Sol ( l  ,it Tcrnpu dealers Ihro i tghuul  the U S 
and abroad Please cal l  or wrlte 
for ItcrthPr ~ n f o r m a f ~ n n  

X I R Q  V,n~dpl 4 3 6 3  T $ ? T T ~ ' ? ~ c  !kf;r+*m~frr  
P r t c e l  ruhlpct 10 chanqr  wlthout  notlce 

the perfect accessory for any 2 meter operatlon 81rd 
dlrecttonal wattmeters are lnsertlon type Instruments for 
measuring forward or reflected power I n  5 0  ohm coaxlal 

3 transmlsslon l ~ n e s  $ 9 4  0 0  
w 

HF model  4 3 6 0  ( $ 9 4  0 0 )  and a complete l ~ n e  o f  BIRD 11240 w Olyrnptc Blvd LO$ Anqeles 
products also ava~lable Cal~l 90064 21.71477-6701 

931 N Eucltd Anahelm Call1 92801 7141772-9200 
Bullet Mrssour8 64730 8161679-3127 





This NEW MFJ Versa Tuner II . . . 
has SWR and dual range wattmeter, antenna switch, efficient airwound 
inductor, built in balun. Up to 300 watts RF output. Matches everything 
from 160  thru 1 0  Meters: dipoles, inverted vees, random wires, verti- 
cals, mobile whips, beams, balance lines, coax lines. 

lNTEYNA SWRIWATTS 

cient aimound lnduc- ransmitter matching 
capacitor. 208 pf. 300 and 30 watts. and RF watts in tor gives more watts out capacitor. 208 pf .  
1000 volt spacing. Pull for SWR. 2 ranges. and less losses. 1000 v o l t  spacing. 

Only MFJ gives you th~s MFJ941 Versa one existing antenna. No need to put up sepa- 
Tuner I1 with all these leatures at this pr~ce: rate antennas tor each band. 

A S W  a d  dual nnpc wattmeter (300 and Increase the usable bandwidth of your mo- 
30 watts lull scale) lets you measure RF bile whlp by tunlng out the SWR horn lnslde 
power output for slmpl~l~ed tunlng. your car. Works great with all solid state rlgs 

An antenna switch lets you select 2 coax (Ilke the Atlas) and with all tube type rlgs. 
fed antennas. random wire or balance Ihne. It lravels well, too. Its ultra compact size 
and tuner bypass. 8 x 2 ~ 6  inches lit easily in a small corner of 

A new etficlent airwound inductor (12 po your suitcase. 
s~tions) glves you less losses than a tapped TMs bcauliful little tuner is housed ~n a 
torold for more watts out. transm~lter to any teedline lrom 160 thru 10  deluxe eggshell wh~te Ten Tec enclosure w ~ t h  

A 1:4 balun lor balance lines. 1000 volt Meters whether you have coax cable, balance walnut gram s~des. 
capacitor spaclng. Mounting brackets for mo- I~ne, or random wlre. S0.239 coax connecton are provided lor 
bile ~nstallat~ons (not shown). You can tune out the SWR on your dlpok. transmitter ~nput and coax led antennas. 

With the NEW MFJ Vena Tuner II you can inverted vee, random wlre, vertical, mob~le Oual~ty l ~ v e  way b~nd~ng posts are used tor 
run your full transceiver power output - up to whlp. beam, quad, or whatever you have. the balance line lnputs (2). random wlre input 
300 watts RF power output - and match your You can even operate an bands with lust ( I ) ,  and ground (1). 

I I 

Only MFJ user an clltc*ent a,r wound onduclor I12 pos8legorl 
m Ihlq class 01 lunerr lo gwe yar mae I rarr i  w l  and lev 

. losses than a lapped lorold Matcher everylnlng ltonr 160 
lhru 10 Melcrr dlpolas, lnverled veer, landom *Ire?. verll 
ral5, mablle whlps beams. balance I8nr. coax lhnrr UP lo 
200 walls RF (ILII~UI 1 4 balm la balance lhnes lunc oul 
the SWR ol your mobclc whip hmm InrMe you1 car. Works 
with all nos Ullra cmpac l  512x6 ~nche? SO 239 connec 
l a s  5 way bndlna posts Ten Tec enclosure 

MFJ.900 ECONO TUNER 
Same IS MFJ-901 Vnsa  Tuner. M doer naf hnrr bu(ll-In 
balun lor balance Ynss. Tunes COIR Oms a d  tmdam Nnes. - 
MFJ-16010 RANDOM WIRE TUNER 
O p ~ l e  160 thrv 10 Mrlerl. Up l a  200 ~111s RF wlput. 
Malrher hlgh ad low ~ m p d a n o s .  12 ).sIIIM Iduclw. 
SO-239 conneclm. 2.314 m t h s .  MItchrs 25 la 200 ohms 
,I 1.8 MWZ. 

MFJ-400 8043 ECONO KEYER 
MFJ -1 yam I r*W, ful hm m n m y  keyer Y S I ~  
Ihl h m u s  WRll8.1043 bpta.~M) 

P1mI Cmmk $wed 18 10 50 WPM) pulll~lum. 
"Mume an on 3 conflucta 'b amn phme l x k  la ksylng 
oulput and key pwle  rnpul 

hlmd y m  CmM bIs you adlusl dot dash space 
n l l o  Ic4 a d8slimltve aqnal to psnslrala ORM la rolld 
OX COntaCIs S8flelme and spaaka Internal Ime conlrol 

bmtic a#mlllm? wllh qua028 ksy Dot msmw lnsfanl 
sDrl Sell complellrq Jamprml rpaclng Rallable rolld rlals 
heyw QW black Carnola sdld stale mmmtnm I - 300V 
I 0  ma mar and + 300V 100 ma max ) 

For technical i n f o r m a t i o n .  order and repair s t a t u s .  and In Mlsslssippi. please call 601 -323-5869. 

Order any product from MFJ and try it. If not delighted, return within 30 days for  a prompt refund (less shipping). 
Order today. Money back i f  not delighted. One year unconditional guarantee. Add $2.00 shippinglhandling. 
Order By Mail or Call TOLL FREE 800-647-8660 and Charge It On - 
M F J  ENTERPRISES P. 0. BOX 494 mL 

MISSISSIPPI STATE, MISSISSIPPI 39762 
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In our modern day world of solid-state electronic gadgets and centralized urban living, it's the 
rare amateur who hasn't been troubled at one time or another by interference complaints. As often 
as not the interference is caused by some other source, but if you have a tower in your backyard, 
you're a likely suspect and the first one to whom they turn when the local taxicabs (or whatever) 
tear up your neighbor's favorite television show or come booming through their quadraphonic stereo 
system. 

As I have mentioned in this column several times in the past, the problem can be effectively cured 
only by proper design and construction of home-entertainment equipment at the manufacturing 
level. The consumer electronics business is highly competitive, however, so the manufacturers are 
reluctant to add filtering and lead bypassing that would increase the sales price of their equipment. 
For many years the manufacturers contended that less than 5% of home entertainment equipment 
operated in an rf environment which required special attention - but with the proliferation of two- 
way radio systems as well as higher power a-m and fm broadcasting stations and high-speed digital 
systems which can cause interference, I doubt that many consumers would agree. 

Several bills have been introduced into Congress which would give the FCC authority to regulate 
the manufacture of home-entertainment devices to reduce their susceptibility to interference from 
nearby radio transmitters, but none have passed. Now Senator Goldwater is sponsoring a Bill which 
would require better RFI rejection; the Bill, S-864, has been referred to the Senate Subcommittee on 
Communications and hearings began in Washington on June 14th. Among those invited to testify 
were the ARRL, FCC, Institute of High Fidelity, and Heath. Although there's no chance that the 
Goldwater Bill will make it to the Senate floor during this session, the hearings will help pave the way 
for speedier action on future RFI legislation. 

Consumers are becoming increasingly aware of the RFI problem, so the time is right for legisla- 
tion such as that proposed by Senator Goldwater. Radio amateurs have known for a long time that 
the majority of RFI problems are not due to interferenceperse, but are caused by the interception of 
signals by devices which were not designed to operate in today's strong rf environment. The only 
way to eliminate 90% of the RFI problems is through legislation such as S-864 which would eventual- 
ly require the manufacturers to correct those design deficiencies which lead to unnecessary inter- 
ference. 

Individual amateurs can help toward the eventual passage of a bill requiring better RFI rejection by 
letting their Senators know of their support for S-864, particularly if one of their Senators is a sub- 
committee member. In addition to Chairman Hollings (South Carolina), the members are Griffin 
(Michigan), Magnuson (Washington), Cannon (Nevada), lnouye (Hawaii), Ford (Kentucky), Durkin 
(New Hampshire), Zorinsky (Nebraska), Riegle (Michigan), Stevens (Alaska), Packwood (Oregon), 
Schmitt (New Mexico), and Danforth (Missouri). Letters to the Senators addressed to the United 
States Senate, Washington, D.C. 20510, will reach them promptly and may help considerably. 

The letters do not have to be long, although background information on your (or your neighbors') 
RFI problems could be important. Even a note to the effect that you support S-864 would be a val- 
uable contribution. Remember that previously introduced RFI legislation never made it through 
Congress - now that Senator Goldwater has started the ball rolling again, let's make sure it has 
enough momentum to become law. Now is the time to lend your support to this vital effort; write 
today and make your voice heard. 

Jim Fisk, WlHR 
editor-in-chief 

4 july 1978 
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ACTUAL SIZE PHOTO 

Try on MultiMode 
Mobile Multi-mode mobile is the newest trend in VHE The next time 

you are lamenting the limitations of your present mobile rig. 
just imagine how it would size up against the IC-245 lSSB 
Mobile Maximizer. In addition to the complete FM capabil- 
itv throuqh rewaters and the SSB ca~abil i t ies from a home 

station. the IC-2451SSB offers superb SSB mdbile perjormince to squeeze the mosi out of simplex mobile 
contacts. Mobil CW? No problem with the IC-245lSSB:just push the button and hit the key. and you're on the 
best mode for longhaul mobile DX. Some of the features which make all of this possible are: 

Single knob frequency  election: The IC- R e m o t e  programming: The LSI chip pro- 
2 4 5 1 5 5 6  is synthesized with convenient single vides for input of a Touch Tone" like program- 
knob frequency selection over the entire 4 MHz. ming pad from an external source. such a s  the 
No more fussing with two or more knobs just to microprocessor controlled accessory which will 
check what is going on around the band. One also provide scan and other functions (available 
easy spin of the dial does it all. summer '78). Computer control from a PIA 

interface is also possible (data available on re- 
Two VFO's built in: The second VFO, which quest). 
is an optional tack-on with most other trans- 
ceivers. is an integral feature in every 1C-2451 FM stability o n  S S B  and CW: Synthesis of 
SSB.  100 Hz steps makes SSB a s  stable a s  FM. This 

extended range of operation is attracting many 
Variable o f f ~ e t :  Any offset from 10 KHz FM'ers who have been operating on the direct 
through 4 MHG in multiples of 10 KHz, can be channels and have now discovered SSB. 
programmed with the LSI synthesizer. 

S o  for your next mobile radio. go all out after all of it and get the maximum In multi-mode mobile with the 
IC-2451556 .  P.S. A microprocessor controller with memory. frequency setting and Touch Tone" dialing 
will be available soon. 

I C O M  WEST.  INC. ICOM EAST,  INC.  I C O M  C A N A D A  
Sulle 3 Sulle 307 7087 Vlctor~a Dr~ve 
13256 Northrup Way 3331 Towerwood Drlve Vancouver I3 C V5P 3Y9 
Bellevue. Wash 98005 Dallas. Texas 75234 Canada 
(2061 747-9020 (2141 620-2780 16041 321-1833 

M s ~ l ~ I a m  tbm rmw rmpmatmr bard: both 
tho IC-211 and the 1C-245/99B operate the 
the new 1-CC repeater spectrum with no 
modification. 

lCoM rsdlos 'I'rlflcamt'9 mxemmd FCC 
specifications limiting spurious emissions. 

Specifications: l-reque~~cv( r~wrnqt.:  114 00 111 1.18 (Ill MI!, MIICIV,: I M I1 :I). 5LIlilA:l.b. 
( I\ ( A  11 \III>IBI~ V1,It~gv: I)< I:I X I '  IS",. \o,v 90111t11 (11) x 159~r~rnlu1) ~2:15r~~818IO) \4'<.*llnl 
11 n K!I rX <)tnt~mc: t :$, IIlIl~. &:$,I, low [ l ~ l J ~ ) . ~ l l .  IIJU' \pt~~motoq I{.~cit~ftnn 141 dl{ l ~ ~ l r ~ ~  . MI, r t ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~  I ~ ~ q ~ c ~ d . t ~ ~ ~ ~ .  MIII I 1111tt. %,~~,ICI~~I~V. A3.1 & .4 1, (I s r t t ~  T~VCIII ttym~ !IWL+ 
10 dl1 5 .NlN. I J. Oh lrxoc 1111.1111 ( 3 1  Ih+\ft~? 81 dHqno~t.tmu!( 5 I N  .IIIN. "1 I n ~ ~ ~ r s 1 ~ ~ ~ 1 1  111111t1. :XI 1111 

L~IIIIIII~II, I<~YMIII\I.: Mldliln ~ V I I C I  \vl~fl~.+i,t.r I tt.qnor,ct< c H.l~l!~a. 1.14 OII Ml11 !< I  1118 (Ill Ml11 
~ v ~ I ~ I ~ ~ ~ ~ ~ z v ~  >lv~> \ i w S  tilt, I M. 11111 I I > O ~ ~  SMII, I C ~  \\I{ 

.aahnl.n...,."h,",,".h."a.nkrnax. 



NEW 10, 18, AND 25 MHz AMATEUR bands were all proposed in the FCC's WARC 79 eighth 
Notice of Inquiry released in early May. On the negative side, the Commission pro- 
posed shifting 50 kHz from the top end of 80, and the bottom 60 kHz of 160, to the broad- 
cast service, but also proposed that all the HF Amateur bands (except for part of 160) 
be exclusively Amateur throughout the rest of the world. Specific FCC proposals for the 
Amateur Service: 

160 Meters: 1800-1860 kHz, Region 3 only (shared); 1860-1900 exclusive Amateur 
worldwide: 1900-2000 shared 

80 Meters: 3500-3950'k~z (loss of 50 kHz) 
Meters: 6950-7250 kHz (shifted down 50 kHz) 

30 Meters: 10.1-10.2 MHz (new) 
20 Meters: 14.0-14.35 MHz (unchanged) 
17 Meters: 18.068-18.168 MHz (new) 
15 Meters: 20.95-21.45 MHz (50 kHz added at low end) 
13 Meters. 25.11-25.21 MHz (new, moved from 25.76 proposed in the fifth NO1 

at the request of Radio Astronomy) 
10 Meters: 28.0-29.7 MHz (unchanged) 
Arguments By Amateurs were responsible for the new 10 and 18 MHz bands, the Commission 

noting that they were "so strongly requested and justified in the,,Service Working Group 
report while reducing the overall impact on the fixed services . . .  
'These Pro osed ~ands are far from' firm, however. There is a mention in the text that 

the Executiv: Branch will not support the 6950-7000 and 20950-21000 kHz slots or allow 
the Amateur Satellite Service to use 1250-1260 or 5660-5670 MHz (which in addition to 
2390-2400 MHz, 76-81, 165-170, and 240-250 GHz, were incAuded as a footnote with 435- 
438 MHz). The Amateur Satellite Service was also given primary" status on the new 
13-meter band. 

CREDIT FOR PASSING THE CW exam can now be retained by an FCC license applicant even 
though he failed the written test; the Commissioners agreed to allow an applicant such 
credit for up to one year after he takes an exam. To receive the CW credit the appli- 
cant will be given an FCC Form 845 by the Field Office at the time of the exam. He turns 
it in when he returns for another try and receives credit for the CW portion of the exam. 
Form 845 will be honored only by the Field Office that issued it. 

Ex-Novices, Whose Licenses expired less than a year ago, will be eligible to apply 
for reinstatement just l z e  any other Amateure licensees. This provision is a result 
of the FCC's recent rules change making Novice licenses good for five years and renew- 
able. Any former Novice, whose license expired after May 15, 1977, can submit a Form 
610 (within one year of his original expiration date) and regain his license for a full 
five vears - without retaking an exam. 

~eAeral-class Licensees ar';: now permitted use of 50.0-50.1 MHz. The change brings 
General 6-meter privileges in line with those of Technicians. 

AMATEUR RADIO'S RANKS GREW over 11 per cent in the past year, according to recent FCC 
figures. At the end of April, U.S. Amateur operator licenses numbered 337,959, compared 
to only 304,331 a year ago. Biggest growth was in the Novice Class, up 12,434 from last 
year at this time to total 58,016. Extra Class showed the next greatest percentage in- 
crease, up more than 20 per cent to 19,797, but every class showed healthy growth rates 
of 6 per cent or more. 

W2BXA RECEIVED SATELLITE DXCC number 1 when he arrived at ARRL Headquarters with cards 
proving he'd worked 101 countries via the OSCARs! W6VPH/VP5, VP2EFZ, and a special hand- 
made FO0XA card from the recent Clipperton DXpedition pushed Ben over the top. 

K5CM WORKED WA@LPK/KL7 FOR HIS 50TH 2-METER state in late April, becoming the second 
station to make WAS on 144 MHz. 

In Addition, 2-Meter worked-~ll States was achieved by NBJA and K9HMB several weeks 
later, thanks to N6NBl7. who operated his portable moonbounce station from both sides of 
the ~tah-~evada border. . 

THE WINNER OF THE GRAND PRIZE in the 1978 Swee stakes a Drake UV-3, the world's only 
three-band vhf-fm transceiver. with ac DE h b n c o d i n e  microphone. and an Atlas 
350-XL high-frequency transceiver package which' includes a deluGe powe; s u p ~ l ~ o n s o l e  
with speaker, digital clock, phone patch, speech processor, and electronic keyer, is 
Shelton Boles, WA5KOK, of Cleveland, Texas. Other happy winners in this year's Sweepstakes 
are Murray Fisher, W7NSU, who won an Atlas 350-XL with ac power supply, and David Richards, 
KlYGF, who is a proud new owner of a Drake UV-3 with modules for 144, 220, and 440 MHz. 

6 july 1978 
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The TS-520s transceiver provides full transmit and 
receive coverage of all Amateur bands from 160 
through 10 meters. It also receives 15.0 (WWV) to 
15.5 MHz and another 500-kHz range of your 
choice in the auxiliary band position. With the op- 
tional DG-5, you have a large digital frequency 
readout when transmitting and receiving, and the 
DG-5 also doubles as a 40-MHz frequency counter. 
The TS-520s includes a built-in AC power supply. 
and, with the addition of the optional DS-1A DC- 
DC converter, it can function as a mobile rig. It 
features a very effective noise blanker, RIT, eight- 
pole crystal filter, 25-kHz calibrator, front-panel 
carrier level control, semi-break-in CW with side- 
tone, built-in speaker, heater switch, 20-dB RF 
attenuator and easy phone-patch connection. RF 

The TS-520s . . . the most popular Amateur input power is 200 W PEP on SSB and 160 W DC 
on CW. Carrier suppression is better than -40 dB Radio transceiver in the world. . . provides a and sideband suppression is better than -50 dB, 

foundation for an expanding series of aCCeS- spurious radiation is less than -40 d ~ .  Receiver 
saries desianad to  lease anv ham . . . from sensitivity is 0.25 pV for 10  dB (S+N)/N. Selectiv- 

A great station. . .at an affordable price! The TS-520s with its companion 
accessories.. . including two new units. The AT-200 antenna tuner provides a 
versatile tool in any station. The other is the TV-520s. Kenwood's 2 meter 
transverter for SSB and CW operation from 146 to 148 MHz. 



The R-599D receiver and T-599D transmitter pro- 
vide greater flexibility wi th more features than 
found in a transceiver. 
The R - ~ Y Y U  receiver is all solid-state, covering all 
Amateur bands from 160  through all of 1 0  meters, 
as well as auxiliary band and WWV (10 MHz). With 
optional converters i t  also receives 6 meters and 2 
meters. Modes include LSB. USB, CW, AM, and 
FM. A 2.2-kHz eight-pole filter is built-in for SSB, 
as well as a 500-Hz eight-pole CW filter and a 5.0- 
kHz six-pole A M  filter. An optional 14.0-kHz six-pole 
F M  filter is available. Also featured are an AGC 
control (slow/fast/off), 25-kHz calibrator. RIT, 
noise blanker. ANL (AM), squelch, monitor. VFO 
selector, and RF gain control which does not affect 
S-meter reading. 
The T-599D transmitter is solid-state except for the 
driver and final tubes. I t  covers the 8 0  through 10- 
meter Amateur bands, on  LSB, USB. CW, and AM. 
An AC power supply is built-in. Also included are 
VOX, anti-VOX, PTT, semi-break-in CW with side- 

The 599D "Twins" are offered to the tone, ALC, transvener terminal. 

discriminating Amateur who appreciates the Enjoy split frequency control i n  four separate/ 
transceive combinations w ~ t h  the 599D "Twins". advantages of 'perating a separate transmitter See vour local Authorized Kenwood Dealer for more 

and receiver. inforhation. 

The R-300 all-band communlcatlons recetver covers the 
following ranges: (A) 170-410 kHz. (B) 525-1.250 kHz: (C) 
1 25-3.0 MHz: (D) 3.0-7 5 MHz: ( € 1  7 5-18.0 MHz and (F) 
18.0-30.0 MHz. It recelves AM. SSB. and CW. The recelver 
features large. easy-to-read drum d~a ls  Bandspread 1s call- 
brated for 10 fore~gn-broadcast shortwave bands. and a 
replacement bandspread calibrat~on 1s available for the 80-  
10-meter Amateur bands. Included 1s a three-way power 
supply (AC/batteries/external OC). Wide and narrow ceramlc 
filters are employed for h ~ g h  selectlvlty Also included IS 

a 500-kHz calibrator. 



NEW..  . IT'S UNIQUE.. . CIIWY IT'S TRII IV 
FUL. IT'S KENWOOD'S SM-220 STAT1 
MONITOR. THE SM-220's UNEXCELI 

v c n a ~ i l L I T Y  ALLOWS YOU TO MONITOR YC 
IANSMISSIONS, MONITOR INCOMING SIGNALS. 
JD MONITOR THE AMOUNT AND STRENGTH OF 
4ND ACTIVITY' AND PERFORMS AS A GENERAL- 

PURPOSE 1 0  MHz  OSCILLOSCOPE, AS W 

Y L I  

ION 
LED 
)UR -.- 

Kenwood offers this totally unique unit as a perfect 
compliment to your TS-820s or TS-520s station." 
The SM-220, based on a w~deband oscilloscope (2 
Hz to 1 0  MHz), permits you to monitor your trans- 
mitted signals, thus assuring optimum linearity and 
maximum performance. With the addition of the 
BS-5 or BS-8 Pan Display option you will be able 
to determine visually the location and strength of 
adjacent signals without tuninq vour receiver off 
frequency. The choice of 
adapt the SM-220 to eithe 
TS-520 series. 
The SM-220 has a built-in two-tone auolo aene 
with full provisions for tuning you 
linear amplifier (160 m through 2 m 
All this costs little more than a ge,,,,,,-,,, 
oscilloscc 
quality. 
' W l t h  BS-5 or BS-8 o p t ~ c  

"For  o t h e r  m o d e l s  c h e c k  ws lh  a p p r o o r l a t e  m a n u l a c t u r e r  

for  cornpat  

bpe. And. 

- .  
options ; 
r the TS- 

3llows yc 
8 2 0  seri 

se, it's p ure Kenv 

'raror 
and 

pose 
vood 

T I 0  
rot 
UPS 

. lone Ware Envelope Pan Display Use to check Keyed Wavelorm Slrowr O s c ~ l l o ~ c o p s  Operation Trapazo8d I l S  8JOS w 
psrlormanco tune. source 01 lnlerforence dur. dnlasl ol CW heylng U r o f o  ( I  kHz)  Orc~llator luocl8on TL  9721 S h o r n  l~nuaroty of 
or rnncktng proper ~ n g  'QSO' walhoul movang monllor tho quality o l  your al lawr Sma,  rqusro wevo. power nmpltf8er U ~ o d  prl- 
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STILL THE SAME FINE, TIME PROVEN RIG. BUT 
NOW WITH THE SIMPLE ADDITION OF A PLUG-IN CRYSTAL. 

THE TS-7OOSP WILL BE ABLE TO UTILIZE THE NEW 
REPEATER SUB-BAND (144.5 to 145.5 MHz) 

STILL FEATURES ALL OF THE FINE ATTRIBUTES OF THE 
TS-700s: A DIGITAL FREQUENCY DISPLAY, RECEIVER 

PRE-AMP, VOX, SEMI-BREAK IN, AND CW SIDETONE. OF 
COURSE, IT'S ALL MODE, 144-148 MHz, VFO 

CONTROLLED.. . AND KENWOOD QUALITY THROUGHOUT. 

Features: 4 MHz band coverage (1 4 4  to 148 MHz) 
Automatic repeater offset capability on all FCC 

authorized repeater subbands including 144.5 - 
145.5 MHz Simply dial receive frequency and 
radio' does the rest. . .simplex, repeater, or reverse. 
Same features on any of 11 crystal positions-Trans- 
mit/Receive capability on 4 4  channels with 11 
crystals - Operates all modes: SSB (upper and 
lower), FM. AM and CW Digital readout with 
"Kenwood Blue" digits Receiver pre-amp Built-in 
VOX Semi break-in on CW CW sidetone All 
solid-state AC and DC capability. 10 watts RF out- 
put on SSB, FM, CW - 3 watts on AM * 1 watt FM 
low-power switch 0.25 pV for 10 dB (S+N)/N 
SSB/CW sensitivity 0.4 pV for 2 0  dB quieting 
FM sensitivity. 
10 watts RF output on SSB. FM. CW 3 watts on 
AM 1 wan FM low-power switch 0.25 pV for 10 
dB (S+N)/N SSB/CW sensitivity 0.4 pV for 20 dB 
quieting FM sensitivity. 

The luxury all-mode transceiver for 6 meters. All solid- 
state. SSB, FM, AM. and CW. 
It's easy to work VHF OX on 6 meters with the TS-600 all-mode 
transceiver .The 10-watt, solid-state rig covers 50-54 MHz. wtth butlt- 
In VFO and 2 0  fixed channels. The maln tuning d ~ a l  IS  calrbrated 
every 1 kHz for precise tuntng. The built-in AC!DC power supply 
allows base and mob~le  operation. Other features tnclude a notse- 
blanker circuit and RIT (recetver ~ncremental tun~ng). 



spaced 5 kHz apart. RF output is at least 25  W. 
and typically 30  W. A low power position produces 
5-1 5 W (adjustable). Included is a dual frequency 
readout with large six-digit LED display plus a dial 
readout. The subaudible CTCSS signaling feature 
may be used on transmit and receive, or transmit 
only. Optional tone-burst modules are available. 
Receiver sensitivity is better than 0.4 pV for 2 0  dB 
quieting. Large. high-Q, helical resonators minimize 
interference from outside the band. A two-pole 

~h~ fully-synthesized T R - 7 4 0 0 ~  2-meter FM 10.7.MHz monolithic crystal filter provides excellent 
selectivity. Optional active filters are available for 

transceiver operates on 800 channels and 15-kHz "split" operation. Intermodulation distortion 
features repeater offset over the entire 144- is down more than 66 dB, spurious rejection is 

1 4 8 - ~ ~ *  range, dual frequency readout, better than -60 dB, and image rejection is better 
than -70 dB. 

six-digit display.and subaudible tone encoder See your local Authorized Kenwood Dealer today. 

I and decoder. RF output is at least 25 watts! tor a'demonstratlon of the fantastic T R - 7 4 0 0 ~ .  

F M  transceiver for 70-cm receiver covers 4 4 2  to 4 4 7  MHz 

~ ~ a t e ~ r  band. 23  crystal- The recelver ~ncludes a f~ve-sec t~on  
controlled channels (three he l~ca l  resonator and a two-pole 

supplied,. ,-ransmitter output crystal fblter I n  the IF for ~ m p r o v e d  
intermod relectlon Sens~tlvlty 1s is 10 watts. 0 5 p V  for 20-dB quletlng A front- 

The TR-8300  450-MHz F M  mobtle panel swltch may bc used to actlvate 
transceiver provides 1 0  watts output tone-s~gnal~ng or other user-prov~ded 

TR-8300 
(sw~tchable to 1 watt) on  2 3  crystal- l u n c t ~ o n  An LED ~ndtcales rccelve 
control led channels (three palrs o f  crystal f u n c t ~ o n ~ n g  A monttor clr- 
crystals supp l~ed)  The transmitter cult allows user to Itsten to h ~ s  own 
covers 4 4 5  t o  4 5 0  MHz,  and  the modu la t~on  
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'd $TANDBYYRECEIVE SWITCH DI@blesaudlo d f f i u~u  dup!$lmm- 
. 

mll m d s  vvlth anodated Mnsml l ter  - o i  ' 
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G RECORD JACK Makes rscofd~ng 011 !he a l l  SlmplB 

H HEADPHONE JACK Prov~sson for plugging In  haadphones 
I MODE S m C H  Selecl~on of A M  CW, upper or lowor sideband. 

m m m  THE KENWOOD R-820 J O R ; Z E V ~ A T O ~  SWITCH 10 dB steps of attenuarlon from 0 to 
40 dB. to prevent ovarioad~ng from nearby srauons and lor prewss With more features than ever before available in a ham- ,,,,I ,mw,,s,n 

band receiver. This triple-conversion (8.33 MHz, 455 kHz, K another DIQITAL trequancy HOLD ~ o c k s  H ~ l p s  counter return to and hold dlsp~ay ' frequency whtle VFO ~ s t u n c d  to 

and 50 kHz IFs) receiver, covering all Amateur bands from L VFO/CRYS~AL SWITCH Permtts VFO controt o rc rvne l  concrol on 
four wlecteble Irequancie 60 through lo  as as several hl LEO INDICATORS I , t ~ h l m t l l ~ n g  dlodas tndtcate acltverton of 1101th 

broadcast bands. features digital as well as analog frequency filler cry-l-mnlmll-d rscsption VFO conlrol and RIT 

readouts, notch filter, IF shifi, variable bandwidth tuning, N DRS DIAL Salin.smw" VFO lunlne dial system pfovld- easy ens 
log frequency readout (uselul when d ~ g ~ l a l  hold 1s acttvalad) LSB 

sharp IF filters, noise blanker, stepped RF attenuator, 25 ~~s~~&~~;~;;;~O;;;;;~;,";,",~;,"V;~~;;;;)I~;1;b', 
kHz calibrator, and many other features, providing more maXnmum oftecc In  clumlnetmng IIOISB nnterfetencc 

operating conveniences than any other ham-band receiver. ~ , " ~ ~ N ~ , " , " : ~ ~ ~ ~ , " ~ ~ ~ ~ ~ ~ , " , f I ~ ~ q ~ ~ , " ~ ~ I ~ n s o  
The R-820 may be used in conjunction with the Kenwood R TRANSCEIVE SWITCH Selacls frequency tunlng from cathertho 

recs~ver or TS 8 2 0  rerles lrrnsconver TS-820 series transceiver. providing full transceive s ,,,,,,,,,,,,,, ,,,,,O,S sopa ,,I, ..",,,I, 0" I,, ,me 
frequency control. shall Provtde vartable bandwldlh tuning as wall as ecloclcon of lour 

IF lbllen 2 5 0  Hz' 5 0 0  Hz' 2 4 kHz and 6 kHz'('opl~ona1) CW Id- 

- 

V IF SHIFT Var8i.c l ~ t i ~ t l r l  IF pasrb.lnd away trom 1 h 1 r r  
l e r# !~g  sqnal 

W AF G A l N l R F  GAIN Separate conlrals adlusl volume 
ilnd RF (1"'" 

X RIT SWITCH Allows 1un8ng of1 lreclusncy w81h RIT 
control, and return ~mmrd8stety to VFO frequency by 
pu5lllng ~ w l l c h  

Y NOTCH SWITCH Taker variable notch IIIIF! on and 
0111 n1 Cl,C,III 

Z BAND SWITCHES Selects lrequcncy bands lrom 15  
MH: (WWV) lGO through 10 meters the 4 9  31. 25. 
ancl I f i  rlrrlcr rhortwavr brondrast bands and an 
~t,x#l!ary band 

A A  TRANSCEIVEISEPARATE SWITCH Enables recewsr 
VFO l o  control the recenurr and TS.820 (or TS 820S) 
frrqiwncy (or the TS~82O VFO to rontrof both1 or 
both can funcl~on ~nrlependnnlly 

BE POWER SWITCH Ttlrn? recelver on and of f  

R-820 PERFORMANCE SPECIFICATIONS Morli,\ AM 1'W OS8 1511 lil I ?  

Frequenry Rarlrlr. Si,n$#!iv~ly I tin 10 m 14 m SSR 0 25 IIV at  10 dB 5. N N 

160 mnlrrr 11 8 2 0 Mnr l  AM 1 511Vd l  1 0 d B S . N  N 

80 m?lr.rr (3 !I-4 0 MHz1 49 31 25 1 6 m  6 5 8 0 5 t t V a r 1 0 d R S . N  rl 

40 m l ~ l ~ ~ r s  17 0 1 5 MHz1 AM 3 0 1 t V n l 1 0 d R S . N  N 

20 mt~larr (14 0.14 5 MHz) SSIHI-IIVI~~ CW Iw,lh o~IIIu~#.II 750  11, liltr,rl 750 147 1-6 dB1 500 14, I- 60 dhl 
15 mrlelr (71 0-21 5 MHz1 cw lwlth c,p,lor,e~ 500H1 son HI 1-6 (10) 850 HI ( -80 ~ B I  
I 5  mnlc.rr 171 0.21 5 MHz1 550 I? I-kH, t~llc!) 7 4kH: 1-6 dRl 4 4 kHz -60  881 
111 n>c,~nr< ,711 il 7R '1 MHI) AM (6-kHz l#llerl 6 LH, 1-6 dB\ I ?  kH7 I-ti0 dR1 - - - .  
10 mt.rc,c- r>ir s 5; t~ MH;~ lmaqo R ~ O  160 10 m. 19 m B O ~ B  
10 nleler1 (7'1 0-29 5 MH?) 4'1 31 25 I f i m  fiOdR 
10 ~nelnrr 17'1 5-30 0 MH,) IF R c t ~ t l o n  160 10 m 1 1  m 90 dB 
I ! ln l r l r r r  115 0 IWWVI-I5 5 MH,I 4s) 31 25 16 m 5OdB 
49 meters (5 '1 6 4 MHz1 
31 moler? 10 4.9 9 MHz) 
25 mclrrs 111 5 I 2  0 hlH,l 
I 6  motccs t l  7 7-18 2 MHz) 
Atn.#l#ilry band 

Pnwer Requtrerr,entr 100 120 .'70 240 VAC 50 60 Hz or 12 15 VDC 
Dtmen.tonr 13 1 8 (333 mm)W x fi I1 53 mmlH x 13 3 16 1335 mmlD 
Wotqht 26 4 Ibr 11 2 kqI 



AT-200 
The AT-200 features a seven postlfon meters It's handsomely styled t o  
rotary sw~ tch  that selects 1 of 3 an- match the TS-820s  and TS-520s  
tennas and connects n through the Ser~es (and TS-820 and TS-520), but 
antenna tuner clrcult or d~rectly to  can also be used w ~ t h  any HF trans- 
the transce~ver The 7th posltlon celver or transmlner with less than 

The AT-200 is an antenna tuner, but it's also allows you to connect a dummy load 200  wens output. 
much more. an antenna an directly to  your transceiver for tune 

up end testing. Two of.the antenna Frequency coveraoe: Amateur bands 1.8 
SWR bridge and an in-line wattmeter. The AT-200 inputs are fittad with 5 0 - 2 3 9  type to 30 MHz. Input impedance: 10 to 500 

reduces the clutter and increases the ;:;;;;;;;yi;;;;dw;t;;;;;; :::: ~~~~~~~ ~ ~ o c ~ p $ ' ~ v ~ ~ ~ ~  
operating efficiency of your station.. . and at meter: 20 watt/200 wan full scale. SWR 

with an impedance of 1 0  to  5 0 0  meter measures up to 10:l Dimensions: a suprisingty moderate price' ohms. The AT-200 may be used on 6.1/2''wx 7.3/8"ox 6 .9 /16"~.w~,~ht :  
all HF amateur bands from 160 to 1 0  6.2 Ibs 

OTHER KENWOOD 
PRODUCTS 

ACCESSORIES 
FOR TS-820 Series 
160-10-m transceiver 
DG-1 dig~tal frequency display 
VFO-820 deluxe remote VFO 
CW-820 500-Hz CW fllter 
DS-1A OC-OC convener 
SP-820 external speaker with 

aud~o f~lters 

ACCESSORIES 
FOR TS-520 Series 
160-10-m transceiver 
DG-5 digital frequency display 
DK-520 digital adaptor kit for 

TS-520 
VFO-520 remote VFO 
SP-520 external speaker 
CW-520 500.Hz CW fllter 

ACCESSORIES 
FOR 599D Series 
160-10-m transmitter end receiver 
S-599 external speaker 
CC-29A 2-m converter 
CG69 6-m convener 
FM-599A FM filter 

ACCESSORIES 
FOR TS-700SP 
2-117 all-mode transceiver 
VFO-700s remote VFO 
SP-70 matching speaker 
Other products: 
PS-6 power supply for TR-7500 

and TR-8300 
PS-8 power supply for TR-7400A 
VOX-3 VOX for TS-600/TS-700A 
Active filter elements for 

TR-7400A 

TRIO-KENWOOD COMMUNICATIONS INC. 
1111 WEST WALNUT/COMPTON, CA 9 0 2 2 0  



vhf receiver 

I Any uhf enthusiast can appreciate a receiver that 
monitors all vhf frequencies and modes in one small, 
convenient package. Alas, this sort of receiver 

Design details 
of a 

receiver 
that covers 
the popular 
vhf ranges, 

In one 
convenient package 

I 
doesn't exist in the amateur marketplace. For years 
at my station, a Collins 75A2 - supported by a be- 
wildering array of converters - did the job. Soon 
after my station was remodeled, I developed a strong 
desire to  replace the large, unwieldy (and ugly) 

I 
receiver rack with smaller and modern equipment. 
I'm an avid homebrewer always looking for new pro- 
jects to occupy limited time and pocket money, so 
plans for a new receiver were soon germinating. 

design features 
Hf operators and shortwave listeners alike have 

always enjoyed the convenience of general-coverage 
receivers, so why not something similar in nature, 
only intended for the vhf regions and tailored to 
today's needs for diversified vhf operation? Doug 
DeMawl was on this track some years back when he 
described a tunable i-f receiver for use with convert- 
ers. While its abilities fell short of my receiving 
requirements, several weeks of daydreaming pro- 
duced on paper a receiver better able to meet my 
goals, which would incorporate the fol lowing 

I .  features: 

By Peter J. Bertini, KIZJH, 20 Patsun Road, 
Somers, Connecticut 06071 

16 july 1978 



7. Four-MHz coverage, through a 26-30 MHz i-f 
range, to allow full reception of the 6-, 2- and 1-1 14- 
meter bands without changing converter crystals. 
Dial readout was desired to at least 1-kHz resolution 
with mechanical and electrical stability for smooth 
CW and ssb reception. 

2. Multimode detection for a-m, ssb, and fm with 
squelch to allow monitoring all the popular vhf 
modes. 

3. Several selectivity positions for mode compati- 
bility and operating convenience. 

, 4. All components self-contained in one neat pack- 
age including all converters, power supplies, and 
speaker. 

A pretty tall order to fill, and obviously some com- 
promises must be reached. Adequate coverage of 4 
MHz was best done in four 1-MHz segments, starting 
at 26 MHz and ending at 30 MHz. This allows for 
quick scanning across a band while maintaining a 
tuning rate comfortable enough for ssb reception. 
The range of 26-30 MHz was chosen for the i-f 
because many converters come equipped for this 
range and the i-f is also high enough for good con- 
verter image-rejection. 

Performance data for the basic receiver, covering 
the 26-30 MHz range, is presented in table I. I'd like 
to point out that no pretense is made of using this re- 
ceiver as the nucleus for a moon-bounce, scatter, or 
other demanding station-receiver role. Those so in- 
clined will do better with a special-purpose receiver. 
Templates or board layouts are not available, and this 
receiver is not intended as a beginner's project. 

Schematics of the vhf receiver are shown in figs. 1 
through 10. The basic receiver, not considering the 
vhf converters, is a dual-conversion design using the 

Bonom view of the author's receiver. The two boards in the 
bottom right are the i-f amplifier end the agc detec- 
torlamplifier. In  the upper left is the bfolproduct detector 
board. Mounted on the left side of the main chassis are the 
e-m detector and squelch boards. Below and to the right of 
the product detector is the audio amplifier board. To the left 
of the audio board is the fm  limiter and detector. 

standard frequencies of 10.7 MHz for the first i-f and 
455 kHz for the second i-f. Motorola MFE 121 dual- 
gatemosfetswereused in the26-30 MHz rf preselector 
and in the first- and second-mixer stages. NO peaking 
of the preselector is required across the range on any 
of the 1-MHz receiver bands. The vfo bandswitch 
also selects a set of preselector trimmers for each of 
the four bands; stagger tuning provides broadband- 
ing and uniform gain over each 1-MHz segment. 

The basic receiver input allows for direct monitor- 
ing of frequencies between 26-30 MHz should the 10- 
or 11-meter bands be of interest. Special attention to 

table 1. Performance data for the basic receiver. 

frequency coverage 26-30 MHz in four 1-MHz bands 

circuit superhet, dual conversion: 10.7 MHz first i-f; 455 kHz, second i-f 
sensitivity 0.12 pV detectable in a-mlfm mode: 

0.1 pV detectable in ssb mode 

noise figure not measured - estimated at -2 dB 

stability after I-hour warmup in stable atmosphere, less than 500 Hz per hour 

spurious responses all greater than 50 dB down 
i-f rejection 80 dB dawn 

dial accuracy 1 kHz digital resolution. Dial mechanical backlash less than 200 Hz 
IMD performance two 1-mV signals separated 20 kHz required to produce a third order product equivalent to 1.5 fl 
agc range agc action begins at 0.3 pV: i-f distortion at 15 mV 
selectivity 2 kHz, 4 kHz. 8 kHz, 16 kHz,(13 kHz actual) 455 kHz filters. 10.7-MHz IMD filter is 13 kHz 
modes fm, a-m, ssb and CW detectors 

squelch noise operated, all modes f-m generator and Hewlett-Packard 6080 a-m generator used for performance analysis 
vhf ranges 2-meter, 6-meter, I-114-meter, 430-434 MHz, 446450 MHz coverage inboard: three external converter provisions 



adequate shielding and power-line bypassing is en- 
couraged. The recent proliferation of 27-MHz CB 
units increases the likelihood of annoying i-f break- 
through from strong signals in the 27-MHz range. 
Converters feeding the receiver should be of low or 
near unity gain to preserve receiver dynamic range. 
Modern designs without rf amplifiers, especially 
those employing hot-carrier diodes in double-bal- 
anced mixers or mosfet mixer circuits, are ideal. Of 
course, you can use your own converters; but con- 
verters with excessive gain should be followed by 
an appropriate T-pad attenuator to prevent receiver 
overload. 

An alternative to the i-f attenuator pads to bring 
the converters to or near unity gain was suggested 
by Hamtronics. The Hamtronics C25-series conver- 
ters produce between 10-20 dB gain, depending 
upon the band and device alignment. 

The cascade front-end stage in the C25 converters 
is broadbanded; slight stagger tuning of these stages 
yields the desired 4-MHz bandwidth. However, the 
i-f output transformer at 28 MHz has a comparatively 
narrow passband. Resistive loading of the i-f trans- 
former primary broadens the i-f passband while also 

decreasing converter gain, which eliminates the need 
for external attenuators. The approach used on the 
C25 converters should be adaptable to other makes 
of converter that exhibit a restricted i-f passband and 
excessive gain. 

The Hamtronics-series converters designed by 
Jerry Vogt, WA2GCF, were used for the vhf conver- 
ter front ends of this receiver. Kits are available at 
modest cost. Three Hamtronics converters cover the 
three vhf bands: a P25-50 for 6 meters, a P25-150 for 
2 meters, and a P25-220 for 1-1 14 meters. 

Since the 314-meter band is 30 MHz wide, two uhf 
converters were needed to monitor this band ade- 
quately. One is for the 430-434-MHz DX segment; 
the other is for the 446-450-MHz range, covering the 
400-MHz fm repeater output channels for the north- 
east corridor of the U.S. These are unity-gain con- 
verters, and, when used without an external rf ampli- 
fier, don't require the T-pad i-f attenuators. 

Receiver use is not limited to amateur frequencies. 
Suitable converters provide many enjoyable hours 
monitoring commercial and military air traffic, police, 
radio-telephone, weather bulletins, municipal and 
federal government, and much other interesting vhf 

L1 - L5 wound on 13 mm (0.5 in.) OD type E toroid cores L4 30 turns0.5 mm (no. 24) wire 
L1 12 turns 0.5 mm (no. 24) wire L5 16 turns 0.8 mm (no. 22) wire; 
L2 12 turns 0.5 mm (no. 24) wire link to vfo is 1 turn 0.8 mm (no. 22) wire 

L3 12 turns0.5 mm (no. 24) wire S1 6-pole, 4-position bandswitch (see text) 

fig. 1. Rf amplifier, first mixer, and vfo filter. Thefets are MPF121, SK3050, or equivalent. 



Top view of the receiver showing the rf amplifier and first 
mixer. 

'activity. Even the hf frequencies can be up-con- 
verted, as DeMaw did in his "Receiving Package," 
reference 1, to produce a truly all-band receiver. 

mixers and filter arrangements 
Vfo injection from 15.3-19.3 MHz is supplied to  

gate 2 of the first mixer, (an MFElMPF121). A Piezo 
Technology Model 1433 crystal filter, which has 13- 
kHz bandwidth with a 10.7-MHz center frequency, 
follows the mixer and acts as an IMD filter, which 
protects the second mixer from strong out-of-pass- 
band signals. The 13-kHz bandwidth of this filter sets 
the maximum receiver selectivity. (It's electrically 
similar to the KVG XF9A filter.) 

A 10.245-MHz crystal-oscillator signal, mixing with 
the 10.7-MHz i-f signals in the second mixer stage 
(fig. 4). produces the 451kHz i-f. Four 455-kHz Col- 
lins mechanical filters follow, which select the 
desired 455-kHz i-f bandwidth. Selectivity positions 
of 16,8,4 and 2 kHz are provided by the four filters. 

The use of so many expensive mechanical filters 
may appear extravagant, but they permit versatility. 
The 4-, 8-, and 16-kHz filters were salvaged from a 
demolished R390A i-f strip purchased at a hamfest 
for $5.00. The 2.1-kHz filter was purchased at 
another for only $18.00. A 2- or 3-kHz filter will serve 
the majority of ssb and CW vhf requirements, and a 
simple LC bandpass filter, made up from i-f trans- 
formers, will be adequate for fm  or a-m reception if 
inexpensive mechanical filters aren't readily avail- 
able. Note that in this receiver, the 16-kHz filter pass- 
band is limited to  13 kHz by the selectivity of the 
Piezo Technology filter. A 20-kHz, 10.7-MHz filter 
would have improved this situation, but I used mater- 
ials on hand. The additional cost of a new filter was 
not justified. 

The vfo (fig. 2) operates in the 15.3-19.3-MHz 
region i n  four bandswitched 1-MHz segments. 
Mechanical rigidity and electrical stability are para- 
mount watchwords for a vfo working this high in fre- 
quency. Careful mounting of all vfo components and 
elimination of chassis flexing and dial backlash are 

important for good vfo performance. The chassis 
was rigidly reinforced. The Eddystone dial assembly 
serves admirably. 

The use of polystyrene caps and good-quality cer- 
amic coil forms and trimmers help contribute to vfo 
stability. The vfo, built on 3-mm-thick (118 in.) glass- 
epoxy board, was mounted beneath the receiver 
away from heat-producing components and drafts. 
The jfet oscillator is powered by a dedicated 5-volt 
regulator; the low voltage was helpful in reducing 
drift from rf component heating. The end result is a 
vfo exhibiting freedom from microphonics and drift, 
which permits extending monitoring periods without 
frequent and annoying retuning. 

Extensive filtering of the vfo second harmonic was 
necessary after a problem surfaced during monitor- 
ing of 29.6 MHz. Instead of amateur signals, several 
local CB operators were heard. When monitoring 
29.6 MHz, the vfo second harmonic is at 37.8 MHz. 
When mixed with the 27.1-MHz CB signals spurious 
responses were produced at 10.7 MHz, the first i-f! 

frequency counter 
Despite the excellent performance of the Eddy- 

stone 898 dial, the 1-MHz spread didn't permit the 
desired l-kHz dial resolution, partially because of the 
physical limitations involved and also because of 
small inconsistencies in linearity between band seg- 
ments caused by the bandswitched vfo circuit. 

An ideal solution would have been a counter com- 

m 

C1 43 pF NPO (15.3116.3 MHz vfo; 26/27 MHz receiver) 

C2 27 pF NPO (16,3117.3 MHz vfo; 27/28 MHz receiver) 

C3 27 pF NPO (17.3118.3 MHz vfo; 28/29 MHz receiverl 

C4 not used (18.3119.3 MHz vfo; 29/30 MHz receiver) 

L1 - L4 9.5 mm (318 in.) OD core ceramic. 7 turns 0.6 mm (no. 22) 
enamel wire 

fig. 2. Vfo and buffer amplifiers. 



puting the vfo, bfo, hfo, and vhf converter oscillator 
frequencies to give an exact frequency readout. The 
cost and complexity of such a counter, and the likeli- 
hood of generating spurious signals from the counter 
circuits, quickly ruled it out. The decision was made 
to use a counter, but to count and display only the 
vfo frequency (fig. 3). Up to the tens of kHz position, 
there is a direct correlation between the vfo and op- 
erating frequency, so a two-digit display supplies a 
direct readout of the tens of kHz and the receiver op- 
erating frequency (in kHz). Above 10 kHz, the Eddy- 
stone dial-calibration points and bandswitch position 
supply the hundreds of kHz and MHz readings. It's 
easy to include a third display for hundreds of hertz, 
but remember that, unless the other conversion 
oscillators are extremely accurate and set on fre- 
quency, the cumulative error makes this resolution 

meaningless. Of course, even a 1-kHz readout re- 
quires careful frequency setting and regulated power 
supplies. 

The basis for the counter was a circuit in the 
January 1976 issue of ham radio.2 Its simplicity, small 
size, and low cost made it appealing for this applica- 
tion. It's built on a small 102 x 102 mm (4 x 4 in.) 
square of glass epoxy vectorboard and is sandwiched 
between two aluminum plates that provide shielding 
and a ground plane for the counter. No birdies from 
the counter were heard in the finished receiver. 

I used an MD-640 incandescent 7-segment display 
in place of LED displays. The MD-640s are brighter, 
cheaper, and don't require current-limiting resistors 
for each segment as in the case of their solid-state 
counterparts. The display was also more uniform 
than that produced by most bargain-basement LED 

INCANDESCENT 

fig. 3. Frequency display. IC numbers refer to the article in the January, 1976, issue of ham radio (reference2). 



Agc voltage is also used to  provide the signal 
strength meter reference voltage. If the gains of all 

Overall top vlew of the receiver. The i-f filters are mounted 
in the upper left. The ICs for the counter are mounted in the 
upper right. Note the shielding on both sides of the counter 
board. 

displays. A window for the readouts was carefully 
milled through the steel Eddystone dial plate. A piece 
of gray plexiglass behind the window provides con- 
trast for the display readouts. 

i-f strip, agc detector, and amplifier 
The output of the selected 455-kHz filter goes to 

our first 455-kHz stage, an MPF102 fet (fig. 5). This 
stage provides some gain and a good termination for 
the relatively high filter impedance, but primarily it's 
an agc attenuator. 

The next two stages of i-f amplification employ 
two high-gain MC1550 ICs. The i-f interstage trans- 
formers, from the Radio Shack general replacement 
line, are resistive loaded rather heavily for stability 
and to ensure the i-f amplifier is broadband enough 
not to  restrict the broader selectivity positions. 
(While aligning the i-f amplifiers, it may be necessary 
to remove the loading resistors to see the peak at res- 
onance.) The last i-f amplifier is a single 2N3904 tran- 
sistor stage. I t  is not under agc control and is design- 
ed to have sufficient output to drive the agc detector 
and demodulators. 

A pair of germanium diodes in a voltage doubler 
rectifies the i-f signal and presents a proportional dc 
level to  a 2N3053 dc amplifier. The 2N3053 provides 
an increasing voltage potential during periods of agc 
action for reducing the MC1550 i-f stage gain and 
conversely, a decreasing dc potential for gain reduc- 
tion i n  the MPF102 i-f amplifier and MFE121 
preselector. 

A selectable RC time constant controls the agc re- 
sponse; for simplicity the mode switch selects the 
agc time constant appropriate for the mode selected. 

the converters are equalized, the meter may be cali- 
brated in microvolts instead of just providing a rela- 
tive signal-strength indication. My  converter selector 
switch also provides agc voltage to the converters, 
but external agc was not advised for use with the 
Hamtronics converters. 

Ssb or CW reception is accomplished with a hot- 
carrier-diode product detector circuit inspired by 
another article.3 The bfo is on the same board. 
Because of the high cost of 455-kHz crystals and the 
advantages of a variable bfo, the tunable bfo route 
was taken. Use of Radio Shack transformers was 
again made in the product detector and bfo circuits 
(fig. 61. Note that several volts p-p of bfo energy are 
required for diode saturation and proper operation of 
the detector. The bfo signal is amplified to prevent 
pulling and to  develop ample bfo injection voltage. 
Recovered audio is clean sounding and not fatiguing, 
indicating low harmonic distortion from this circuit. 

The a-m detector (fig. 6) is simple and requires lit- 
tle explanation. A half-wave rectifier, consisting of a 
slightly forward-biased hot-carrier diode for im- 
proved low-level signal detection, rectifies and 
detects the a-m signal. A low-noise audio preampli- 

Fl  - F4 Collins 455-kHz mechanical filters (2, 4, 8, and 16 
kHz used) 

IMD filter Piezo Technology model 1433; 6-dB bandwidth: 13 kHz 

L1 wound on 13-mm 10.5 in.) OD type E toroid (red) core. 
26 turns 0.8 mm (no. 221 enameled wire; tap 10 turns 
from cold end 

S1 4-position, 2 poles; shield between wafers 

S3 filter switch; 2-pole, 4-position wafer 

fig. 4. Second mixer. 



fier increases audio level. As with the product detec- hybrid module designed for use in their Tac-Tec 
tor, a-m audio is clean and pleasant sounding. series vhf-u hf fm portable communication radios 

fm detector 
(fig. 8). Unfortunately, the exotic device is available 
only directly from RCA or one of their authorized 

The 455-kHz i-f signal directly feeds the fm detec- mid-way service centers. Distributor cost is around 
tor board, bypassing the mode-selector switch that $28.00; user suggested price is close to $38.00. 
feeds the a-m and ssb detectors (fig. 7 )  as selected. The 432141 is noise operated. A 390-pF coupling 
A single Motorola MC1355 i-f amplifier and limiter 14- capacitor from the recovered fm ratio detector audio 
pin IC performs all fm signal-processing functions. provides the high-frequency audio noise components 

TO F-M 

X I/ AN0 I2 ARE 180 OHM,I/ZW 
FERRITE BEAD OVER 
RESISTOR BODY 

rh 
fig. 5. I-f amplifiers and agc detector and amplifier. 

Originally I had planned to use the Miller type 8806 
discriminator transformer with the MC1355, but after 
a two-month wait on a back order my distributor 
shipped me the 8805 ratio detector as a substitute. 
Minor circuit changes will allow use of either trans- 
formers with comparable results. 

Both the ratio detector and discriminator circuits 
provide a plus or minus dc voltage to indicate proper 
tuning of the received frequency. The detector will 
drive a zero-center microammeter directly. The meter 
I used had a zero-center, + 6 V movement. A dc op- 
erational amplifier was necessary to drive it. 

Center-tune meters are commonly associated with 
tunable fm receivers, although they're useful in tun- 
ing a-m signals as well. For this reason, and for 
squelch operation, the fm detector is operational in 
all modes and isn't affected by mode-switch position 
except for the selection of fm audio. 

The squelch circuit centers around a single RCA 

for squelch operation. A 50k front-panel pot allows 
setting the squelch threshold point. 

The design of the LM-380 audio amplifier (fig. 9) 
provides a convenient method of squelch control. 
One pin of the LM-380 is for optional bypassing of an 
internal voltage divider supplying operating bias to 
early amplifier stages of the LM-380. The squelch- 
gate output (pin 12) of the 432141 module, fig. 8, 
holds this bias point at ground to mute the receiver. 
Because of the dc-coupling design of the LM-380, a 
simple RC time constant between the squelch mod- 
ule and audio PA prevents an annoying speaker 
"pop" during squelch action. External receiver mut- 
ing is also provided by supplying an external ground 
to the same point on the LM-380. 

The versatile 432141 squelch module also has pro- 
visions for a time constant, provided by an RC net- 
work, to prevent receiver squelch action while receiv- 
ing rapidly fading signals from mobile stations. In this 





sensitivity of the i-f strip are important if optimum re- 
sults are to  be realized. 

A single stage rf amplifier is used, using a Motorola 
MFEl21 dual-gate mosfet (fig. 11. Agc control over 
the RFA is through the dc biasing level on gate 2. A 
small ferrite bead directly on the gate9 lead inhibits 
parasitic uhf oscillations. The 20-30 MHz input and 
output coils of the RFA are resistive loaded to im- 
prove bandwidth, stability, and to  reduce front end 
gain. While the resistive loading provides sufficient 
bandwidth to allow operation over each 1-MHz range 
without cumbersome preselector tracking capaci- 
tors, additional trimmers are bandswitched on the 

fig. 8. Noise squelch circuit for fm. a-m. and ssb reception. 

lower three receiver ranges for proper RFA op- 
eration. 

A Minilabs MLA-1 double-balanced mixer was 
tried in the first version of the receiver. Exotic power 
fets for impedance matching, high local-oscillator-in- 
jection requirements, and cost soon eliminated this 
scheme. The old axiom "simplest is often best" was 
proven in the final circuit used for the first mixer. 
Another MFE121, using conventional gate-2 local-os- 
cillator injection, is employed. A ferrite bead again is 
required on gate 2, as in the RFA stage. Impedance 
transformation between the mixer output and the 
10.7-MHz filter is through a capacitive divider across 
the mixer output tank circuit. 

Vfo injection t o  the MFE121 mixer is filtered 
through a simple single LC toroidal stage, which 
reduces vfo harmonics and subsequent spurious 
receiver responses, as mentioned later. Because the 
vfo range covers 15.3-19.3 MHz in four 1-MHz steps. 
bandswitching of trimmers, as in the RFA stages, 
was required to  resonate the filter on three lower 
ranges. The relatively low vfo injection frequencies 

fig. 9. Receiver audio circuit. 

and the desired high circuit Q prevented broadband- 
ing of this stage. As a solution, a 3-10 pF variable ca- 
pacitor mechanically linked to  the vfo main tuning 
capacitor provides filter tracking with the vfo fre- 
quency. The purpose of the 2-18 trimmer in series 
with the vfo tracking capacitor (fig. 11 is to set a 1- 
MHz tuning range for the filter. 

During alignment considerable back-and-forth tun- 
ing and peaking are required to  adjust the vfo ranges, 
tracking, and LC-filter range. 

The 10 pF capacitor coupling the LO injection to  
the mixer was empirically chosen. A t  29.6 MHz, the 

The right-angle gear drive Is used to select en 1-1 filter 
mounted on the top of the chassis. The four trimmers, 
behind the dial assembly. are used in the main receiver vfo 
to select the different frequency segments. 
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fig. 10. Power supply and switching arrangements. 

vfo operates at 18.9 MHz. The second harmonic of 
the vfo is 37.8 MHz. If sufficient 37.8-MHz harmonic 
energy reaches the mixer, signals at 27.1 MHz are 
readily converted to the 10.7 i-f output. If the coup- 
ling capacitor is too large the harmonic injection 
becomes excessive; if it's too low mixer gain suffers. 
My receiver (worst case) has close to 50 dB of spuri- 
ous rejection, or a 300-microvolt signal on the spuri- 
ous frequency will produce a signal equivalent to 1 
microvolt on the operating frequency. 

construction 
The photographs show placement and mounting 

of the major receiver components. The cabinet and 
chassis is a LMB type CO-1 enclosure. The five Ham- 
tronics converters were mounted vertically on alumi- 
num plates for space conservation and rf shielding. 
The two uhf converters were mounted on the left top 
side of the chassis, while the three vhf units flank the 
right side. The vfo counter is mounted vertically be- 
tween the front panel and the uhf converters; the 
counter board is sandwiched between two aluminum 
plates for shielding. The chassis center was used for 
the 28-MHz rf amplifier and first mixer. The board is 
recessed below the chassis for access to the band- 
switch assembly. 

Behind the S-meter and the 455-kHz Collins filters, 
another vertical shield supports the PC-board assem- 

bly for the 10.7-MHz IMD filter, second mixer, and 
the second conversion oscillator. 

The bottom of the chassis is dedicated to the 
power supply components, left rear; the 455-kHz i-f 
stages and agc detector, right side; the vfo compo- 
nents, front center; multimode detectors, the 
squelch, and bfo, left front. 

The chassis was reinforced along the cutout for 
the 28-MHz front end to minimize chassis flexing. 
The vfo tuning-capacitor supports are of heavy- 
gauge metal for mechanical rigidity. The bandswitch 
assembly transverses the entire width of the chassis, 
front to rear. It was constructed from several disas- 
sembled switches salvaged from flea markets. Low- 
loss ceramic wafers are recommended. The first two 
wafers are for vfo bandswitching; the third is for the 
vfo injection-filter trimmers. Wafers 4, 5, and 6 are 
for r f  amplifier bandswitching. L-shaped aluminum 
brackets were placed between wafer sections 2 and 
3,3 and 4, and 5 and 6 for mechanical support and rf 
shielding. 
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subaudible 
tone encoders and decoders 

A rsview of the  latest two-meter directory con- 
firms the impression I obtained from vacation trips 
and from amateurs visiting the greater Cleveland, 
Ohio area: Most amateur repeaters are still carrier ac- 
cessed. However, in localities where unoccupied 
two-meter pairs have become scarce and intermod 
problems on all bands more prevalent, some form of 
tone access is becoming more common. This situa- 
tion is particularly noticeable in the larger east- and 
west-coast metropolitan areas and along the Great 
Lakes. Some repeaters have optional guard systems 
that are turned on and off automatically or by the 
control operator, as conditions require. 

Both tone-burst and Touch-Tone access control 
are used, but the most popular method seems to be 
continuous subaudible tone, commonly known as 
PL, from the Motorola trade name for the system 
"Private Line." A selectable guard system' that uses 
PL has been in use on the Cleveland 16/76 repeater 
for some time and has led to  considerable interest in 
various types of encoders and decoders. This article 
covers experiences that other club members and I 
have obtained about encoders and decoders we've 
bought or built, tried and discarded, or adapted to  
our use. 
First, let's look at some of the reasons for using PL. 
The advantages on a control or link frequency to  
which access is strictly limited are obvious. Anyone 
who is a repeater control operator in an area where 
more than one machine can be heard on the same 

frequency can appreciate the advantage of having an I encoder on the reraater transmitter and a decoder on 
his monitor receiver. 

PL on the repeater input also helps to minimize in- 
terference caused by intermod and sources other 
than amateur transmitters. In crowded areas, in- 
dividuals or small groups looking for a frequency on 
which they can experiment or operate a special- 
purpose repeater, can share the same channel with 
much less distance between their stations than 
would be required without PL. My point is that many 
reasons exist for using continuous subaudible tone 
on input or output other than a wish to operate a 
closed repeater. 

[ reed-type encoders 

I The encoders most used on control and link fre- 
quencies, and by operators with converted commer- 

I cia1 gear, are those in which a resonant vibrating reed 
establishes the tone frequency. The advantages of 
these encoders over other types of low-frequency 
oscillators include 1) reliability and stability under 

I temperature extremes and supply voltage changes, 
and 2) ability to  change frequency by merely plug- 
ing in a new reed. In addition, the reed encoder 

I generates a pure sine wave, which does not need 
filtering. 

By Pat Shreve, W8GRG, 2842 Winthrop Road, 
Shaker Heights, Ohio 44120 



Disadvantages include the cost of reeds (particu- 
larly if the user wishes to work several repeaters with 
different PL frequencies), and size. It is difficult if not 
impossible to fit a reed encoder into many of the 
popular hand-held and mobile transceivers. 

Early popularity of reed encoders and decoders led 
to the adoption of the standard commercial subaudi- 
ble tone frequencies for amateur use, shown in table 
1. These have carried over into the design and pro- 
duction of other types of equipment. Two reed en- 
coders, a decoder, and a combination en- 
coderldecoder are shown in the photographs. The 
circuit of the Communications Specialists* miniature 
encoder is shown in fig. 1. With a Motorola 
Vibrasponder reed, it produces a clean sine wave to 
3.4 volts rms; it will go higher, but the wave peaks 
will be clipped. These test results and those that 
follow were obtained with a 12.5-volt regulated sup- 
ply voltage; Output was measured with a precision 
ac voltmeter, and the wave form was evaluated by 

::sem 
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fig. 1. Communications Specialists miniature reed encoder. 
CR1 and CR2 are silicon diodes. Q1, 02, and Q3 are general- 
purpose npn silicon transistors. 

comparison with the output of a Heath IG-16 wave 
generator using a dual-trace oscilloscope. Tone fre- 
quency was 110.9 Hz. 

Fig. 2 is the circuit of a subminiature encoder built 
by our club according to a design used in some 
Motorola equipment. !+ iq smaller than the original or 
the Corn Spec unit. db , ~ , e  space is a problem, the 
reed and socket can be separated from the PC board. 
It produces an equally good waveform, but has much 
lower output: from 0.22 to 0.35 volt rms, depending 
on the reed. It works well if the transmitter has suffi- 
cient audio amplification between the PL injection 
point, which should follow any speech filters, and 
the modulator. 

tunable oscillators 
A number of tunable oscillator circuits have been 

"Communications Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92667. 
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fig. 2. Lake Erie ARA subminiature reed encoder. 

tried as PL encoders by repeater groups in or near 
Cleveland. The most popular was the twin-T circuit 
shown in fig. 3, which came to our club from the 
Great Lakes repeater group in Detroit. It is com- 
pact, inexpensive, and can be assembled from readi- 
ly available parts by anyone with a minimum of ex- 
perience or equipment. For satisfactory performance 
the frequency-determining capacitors must be mold- 
ed Mylar or polycarbonate components, and preci- 
sion 1 % resistors should be used where shown. Even 

IT then, the circuit needs to be retuned occasionally 
and will give trouble in a mobile installation parked in 
a Lake Erie winter or in a desert sun. The wave shape 
is satisfactory, but the load and bias resistors may 
have to be changed for different output frequencies 
to prevent distortion. 

I also experimented with tunable encoders design- 
ed around a function generator such as the lntersil 
8038. Several pilot units showed promise, but none 
fully overcame problems of rf sensitivity and need for 
a more stable supply voltage than was easily ob- 
tainable in a mobile installation. 

digital encoders 
Use of a crystal-controlled oscillator to generate a 

stable frequency is nothing new; but until multistage 
dividers on a single IC chip became readily available, 

fig. 3. Twin-T oscillator. C1 is not required in battery-pow- 
ered portables. Select R2 to give desired modulation level. 
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Ceramic resonator and crystal-controlled encoders and Communications Specialists eight-frequency encoder. 
encoder-decoders. encoder-decoder. and sub-minieture encoder. 

Crystal-controlled encoder-decoders. Encoder-decoder designed by the author. 

Two reed encoders. reed decoder. and encoder-decoder. 

it was not practical to  use high-frequency crystals to 
generate the low frequencies used in a subaudible 
tone encoder. Development of CMOS ripple count- 
ers, capable of division by factors in the thousands or 
millions, eliminated the need for bulky divider chains 
in low-frequency generators and timers and at the 
same time eliminated the need for a regulated 5-volt 
power source and sometimes difficult shielding 
against rf and external noise. 

Descriptions of the operation and application of a 
number of these dividers are found in manufacturers' 
publications.2.3 Those of most interest for PL use are 
the 4020 and 4060, both capable of division by 16,384 
(214). The 4020 will accept input frequencies to 7 
MHz; the 4060 to  4 MHz. The 4060 includes an 
oscillator circuit that can be crystal controlled. 

Two approaches to  the use of a multistage divider 
to reduce a crystal frequency to the PL range are 
possible: Use the full range of the divider and select a 
crystal that will give the desired output, or program 
the divider t o  give any desired output from an 
available crystal. 

Let's look at the unprogrammed divider, in which 

Adcom crystal-controlled encoder-decoder. 

the crystal is selected for a specific output frequency. 
Only two ICs are needed, a 4020 divider and a 4030 
exclusive-OR gate, which serves as crystal oscillator 
and digital-to-analog (D-A) converter. The crystal 
frequency is the desired output multiplied by 16,384. 
The circuit in fig. 4 is such an encoder, designed and 
used by members of the Lake Erie Amateur Radio 
Association (LEARA), which operates the Cleveland 
16/76 and 28/88 repeaters. The choice of whether to 
use a 1.0- or 2.2-pF output-filter capacitor depends 
on whether you want a stronger signal (use 1.0 pF) 
or a cleaner waveform (use 2.2 pF). The unit leaves 
something to  be desired in both respects. A better 
design could be worked out with a 4060 using the in- 
ternal oscillator and substituting an operational 
amplifier wired as a lowpass filter for the 4030 D-A 
converter. 

Some may ask why a D-A converter is needed at 
all. Certainly a square-wave digital output wi l l  
modulate the transmitted signal; many solid-state 
CW identifiers use such an output. The trouble is, 
that on most amateur transmitters, square-wave 
modulation is far from subaudible. Many of the har- 



monics in the square wave fall in the audible range, 
and the resulting signal can be very unpleasant. Reed 
encoders have a clean sine-wave output. 

Another device equivalent to crystal control is 
used in several Communications Specialists en- 
coders. It is a ceramic resonator much like an i-f filter 
operating between 250 and 500 kHz. The small size 
of the resonator and a special IC make possible the 
Com Spec microminiature ME-3 tone encoder, which 
is hardly larger than a postage stamp. The ME-3 cir- 
cuit is shown in fig. 5. The special IC contains the 
oscillator, divider, and gates, which form a lowpass 
square wave to  sine-wave converter. The output is a 
clean sine wave adjustable to  any level to 3.2 volts 
rms. The output frequency can be changed by plug- 
ging in a different resonator. Similar circuitry is used 

Eight-frequency encoder with cemmlc resonators. 

in the ME-8 encoder, which provides for selection of 
one of eight frequencies by electronically switching is lowest in the range between 3.0 and 10.99 MHz. 
the resonators, and in the combination encoder- To illustrate how the divider is programmed, assume 
decoder discussed later. a crystal frequency of 3.066 MHz and a desired out- 

. go" 
put of 110.9 Hz. The division factor is 
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fig. 4. Lake Erie ARA crystal-controlled encoder. 

Encoders in which a single crystal is used to  gener- 
ate multiple output frequencies can also be built with 
a 4020 or 4060 CMOS divider. Both these ICs can be 
reset to zero at any point in their counting cycle by a 
high-level input to  the reset inverter. Since outputs 
are available from all divider stages from 4 through 
14, diodes can be used to combine outputs to give a 
reset pulse after any combination of 16 oscillations of 
the crystal. 

In my experiments, the range of crystal frequen- 
cies has been limited on the high side by divider 
capability and on the low side by crystal cost. For 
reasons explained later, the last divide-by-four step is 
performed by a separate device, so the divider output 
should be 4fpL, where fpL is the desired encoder 
output. 

The lowest of the standard tones in table 1 is 67.0 
Hz. The maximum capability of the divider is 214 or 
16,384, so the top limit on the crystal frequency is 
67.0% 4 x  16,384=4.391 MHz. 

My lower limit is 3 MHz, based on the price of an 
International Crystal general-purpose crystal, which 

subtract 213 4096 
2816 

subtract 212 2048 
768 

subtract 210 512 
256 

subtract 29 256 
zero 

This example shows that when Q9, 010, Q12, and 
Q13 outputs are all high at once, the counter will 
have divided by exactly 6912. If four diodes are con- 
nected with anodes to  these outputs of the IC, and a 
common cathode lead is connected to the reset in- 
put, the counter will reset to  zero after dividing by 
6912. A similar calculation will show that diodes con- 

fig. 5. Communications Specialists micro-miniature en- 
coder. Values of C1, CZ, and C3 and connection to pin 6 or 7 
of U1 depend on frequency. U1 is a custom-made IC; K1 is a 
ceramic resonator. 



coder, and have a bandwidth sufficiently narrow not 
to be triggered by a PL on an adjacent standard fre- 
quency (table 1). The circuit should have a "hang- 

Reed encoder-decoder circuit board. 

nected to 010, 011, Q12, and Q13 will result in a 
d iv is ion  f a c t o r  of 6780 and  an  o u t p u t  o f  
3,066,000i 7680 = 399.21 HZ,  which is 4 x 99.8 HZ - 
well within tolerance of a 100 Hz PL. 

The reason for the external division by four is that 
a divider output programmed in this way is not the 
50% duty cycle square wave desired for easy conver- 
sion to a sine wave. If the counter output is used to 
drive a dual flip-flop, such as a 4013, it will divide by 
four and give the desired wave; or if the encoder is to  
be coupled with the decoder described later, the 
divide-by-four operation can be performed by the 
decoder shift register. 

One encoder of this type is made by Avcom". No 
circuit diagram is available and the ICs are unmarked, 
but the encoder apparently uses a 4020 divider and a 
4035 shift register to divide the output of a 3.334- 
MHz fet crystal oscillator. A 50% duty cycle square 
wave from the shift register is converted to an ap- 
proximate sine wave by an RC lowpass filter and 
amplified by an npn output transistor. Maximum out- 
put of the unit I tested is 2.85 volts rms. The output 
waveform is reasonably good between 1 and 2.4 
volts, but peak clipping occurs at higher levels and 
distortion appears below 0.8 volt. 

decoders 
Only two types of subaudible tone decoder I've 

tested have given consistently satisfactory results: 
the reed and the digital. I've heard of designs that 
use a linear IC such as the NE567V, frequently used 
to decode Touch Tone, but I've never seen one that 
will perform satisfactorily at PL frequencies. 

To work as a PL decoder, the circuit should be suf- 
ficiently sensitive to respond to  any signal that will 
quiet the receiver, have stability equal to a reed en- 

'Avcom. Inc., P.O. 60x29153. Columbus, Ohio43299. 

up" connection that will release the receiver squelch, 
so that the operator can receive signals that don't 
have PL and can also monitor the frequency before 
transmitting. Outputs that will permit use with either 
pull-to-ground or pull-to-V+ squelch circuits are 
desirable. 

reed decoders 
The receiver on LEARA'S 16/76 repeater has two 

Motorola reed decoders. One is on the 110.9-Hz ac- 
cess tone and the other discriminates against the 
100-Hz PL used across the lake in Detroit, which 
minimizes interference f rom there when the 
Cleveland repeater is operating in the fully open car- 
rier access mode. The Motorola circuits are not 
reproduced here, but part and circuit diagram 
numbers are given for those interested.4.5 

Sensitivity is quite adequate for the excellent 
receiver with which they are used. Capture band- 
width is less than + 1 Hz on a signal with a low PL 
level; but once captured, the decoder will follow a 
shifting tone approximately 2 Hz either side of the 
nominal frequency. Tone filters are provided to  
eliminate the subaudible tone from the receiver out- 
put. The enableldisable function can be remotely 
controlled without difficulty. 

A reed decoder similar to the Motorola units is ob- 
tainable from Communications Specialists either as a 
separate miniature model or as part of a combination 
encoder-decoder using the same reed for both func- 
tions. The decoder circuit diagram is shown in fig. 6. 
Sensitivity is 2.5 millivolts at the reed frequency at 

table 1. Standard EIA subaudible tona frequencies. Higher frequen- 
cies not listed are not commonly used by amateurs. 

frequency frequency 
(Hz1 code (Hz1 code 

67.0 W 118.8 28 



which I tested it (nominally 110.9 Hz). Capture range 
is f0.15 Hz at this signal level and f 1.5 Hz at 20 
millivolts. Once captured the decoder will stay locked 
to a 20 millivolt signal to within f 2.0 Hz. 

digital decoders 
Reed decoders generate a usable output when an 

incoming signal drives the reed at its mechanical 
resonant frequency. Digital decoders are not reso- 
nant circuits. They produce an output when the in- 
coming signal frequency matches that of a signal 
generated locally. The usual source is a digital en- 
coder such as those described earlier. I've not found 
any published material on how or why the circuits 

. operate but have built one that works. The diagram is 
shown in fig. 7. Here is what I think it does: 

The output of the fet crystal oscillator, Q1, is fed to 
U1, a 4020 divider, which is diode-programmed to 
output at four times the desired PL frequency. The 
diodes are on a plug-in matrix board, permitting 
quick and easy frequency change. A 4060 used for 
the divider would eliminate the need for a separate 
oscillator. The divider output drives U2, a divide-by- 
four flip-flop, which in turn controls the frequency of 
an 8038 function generator. The divider also drives 
U5, the decoder shift register. The shift register is 
wired to supply V + to each of the four control inputs 
of U6 in succession. Since its input is at four times 
the PL frequency, the shift register drives each input 
of U6 high for 114 of a PL cycle. 

U6 is a quad bilateral switch. When one of its in- 
puts is high, the corresponding l-pF capacitor is con- 
nected to U7, which is a quad operational amplifier. 
The incoming audio signal from the receiver dis- 
criminator is filtered and amplified. It is a square 
wave at the point of connection to U6. When its fre- 

Miniature reed decoder. 

Miniature reed encoder. 

quency matches the rate at which U6 is being cycled 
by the shift register, U5, the third and fourth stages 
of the op amp act as a switch to turn off 02, 
ungrounding the squelch connection. When the 
"hang-up" switch is closed, 02 grounds the squelch 
connection unless a signal with PL is received. An in- 
verter transistor can be added if V +  is required to 
control squelch. 

The Com Spec encoder-decoder works substan- 
tially in the same way as that described above. It has 
several advantages, however - smaller size 
(because of the ceramic resonator and special ICs, 

HANG-UP 

fig. 6. Reed decoder. Transistors are general-purpose silicon npn. C R l  and CR2 are silicon signal diodes. With the monitor circuit 
connected, the receiver will respond to a signal without PL when the "hang up" terminal is ungrounded. 



which combine several functions on one chip); lower 
cost; and a built-in audio filter to remove the PL tone 
from the receiver audio output. Instructions on how 
to connect it to most amateur equipment are fur- 
nished on request. Bandwidth of all digital decoders 
I've tested is comparable to the reed types. Sensitivi- 
ty is a little less but adequate for all the receivers on 
which I have tried them. 

a tunable PL detector, which permits the operator to 
match and retransmit an unknown PL frequency. 
The block diagram is shown in fig. 8. A 4PDT switch 
is added to the circuit of fig. 7, and the VCO portion 
of the 4046 is used. 

In the detect mode, the crystal oscillator is discon- 
nected. The VCO runs at four times the frequency of 
the function generator; this relationship is main- 
tained by the phase comparator, and the LED con- 

decoder-detector and tunable encoder nected to pin 1 of the 4046 illuminates when the  loo^ 
The encoder shown in fig. 7 uses a phase com- is in lock.  he frequency-adjusting potentiometer on 

parator and function generator to provide a sine the 8038 function generator is accessible to the 
wave output. This is because I designed the circuit as operator. 

fig. 7. Encoder-decoder with programmable divider. The encoder schematic is at top; LED indicates when phase comparator 
loop is in lock. The decoder circuit is below; the lOOk pot is used to adjust sensitivity. 



Communications Specialists encoder-decoder. 

To match a received PL frequency, the switch is 
thrown to  detect and the frequency of the free- 
running function generator adjusted unti l  the 
decoder output LED shows a frequency match. The 
encoder will then transmit the same frequency as 
that received. 

It's not ordinarily necessary to  adjust the vco, 
which will hold its lock over a wide range of frequen- 
cies. Although the function generator is free-running 
it will remain within PL tolerances for several trans- 
missions. The LED will show the need for re- 
adjustment whenever the incoming tone is received. 

The greatest limitation of this system is that to ac- 
quire a repeater with an unknown access tone, you 
must be able to hear another station on the input fre- 
quency unless the tone is being retransmitted. With 
the switch in the crystal position, the unit operates 
as a normal digital encoder-decoder. 

Micro-miniature encoder with ceramic resonator. 

Each of the subaudible tone encoders and 
decoders described has its advantages and disad- 
vantages. Where space restrictions are not a factor 
and frequencies are not changed often enough to  
make the cost of reeds prohibitive, a reed-type unit is 
hard to beat for stability and clean output. The units 
with ceramic resonators are much more compact, 
however, and are comparable in performance. They 
cost less overall if many frequencies are wanted. 

My tunable model is for the experimenter or those 
who enjoy something different. It's not really as 
valuable to the traveling ham as one might think - 
even if you succeed in matching the unknown PL on 
that closed repeater that has been tantalizing you, 
you probably won't get anyone to talk to you when 
you do get in! 

fig. 8. Block diagram of detector and tunable encoder based 
on encoder-decoder shown in fig. 7. 
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pseudo-logarithmic display 
for the microwave 
spectrum analyzer 

This pseudo-logarithmic 
circuit for your 

home-built microwave 
spectrum analyzer 

provides good resolution 

and 40 dB dynamic range 

In a recent article I described a microwave spec- 
trum analyzer which covered dc to 2.5 GHz with up 

I to 2 GHz of dispersion, 2 MHz resolution, and 50 dB ' of dynamic range.' This analyzer was built almost 
completely from surplus materials and has been well 
received by the amateur microwave community. 
However, the instrument has one drawback: the dis- 
play graduations are linear rather than logarithmic. 
This limitation was discussed in the original article, 
and reader suggestions were solicited. 

Before my spectrum analyzer article appeared (but 
after the manuscript was finalized) ham radio pub- 
lished a very fine article by Jeff Walker, W3JW, on 
the design and construction of a high resolution 
high-frequency spectrum analyzer? In that article 
Walker described a simple and effective circuit for 
providing his analyzer with a pseudo-logarithmic dis- 
play which allowed him to view 40 dB dynamic range 
at one vertical deflection setting. It seemed to me 
that this circuit would, with suitable modification, 
greatly enhance the performance of my analyzer. I 
am pleased to report that it did just that. 

circuit description 
Walker's circuit, shown in fig. 1, consists of an 

audio-frequency detector, lowpass filter, and a 
unique nonlinear diode limiter arrangement. My ana- 
lyzer already included an i-f detector diode, the out- 

- 
By H. Paul Shuch, NGTX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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fig. 1. Pseudo-logarithmic signal-processing circuit 
developed by W3JW for use in a high-frequency spectrum 
analyzer.2 

put of which I applied to Walker's filterllimiter cir- 
cuit. However, I found it necessary to change the 
value of C1 to achieve the desired video frequency 
response at high sweep speeds (a value of 1000 pF is 
acceptable for sweep speeds of up to 60 Hz). For the 
logarithmic shaper circuit I replaced the IN914 
switch diodes with general-purpose Hewlett-Packard 
hot-carrier diodes. The final circuit values are shown 
in fig. 2. 

Note that the detector circuit I used in my original 
analyzer provides a positive-going video output. If 
one of the more common negative-output detectors 
were used, it would be necessary to reverse the po- 
larity of the Schottky diodes in the logarithmic shap- 
er circuit. 

performance 
This shaper circuit enabled me to easily view 40 dB 

dynamic range ( +  10 to -40 dBm), with an unusual 
response which is very nearly logarithmic at 10 
dB1cm at very low (-20 to -30 dBrn) and very high 
( -  10 to + 10 dBm) signal levels. Intermediate ampli- 

tudes are "stretched" somewhat, as seen in the 
scope photograph. However, it is possible to meas- 
ure signal amplitudes to within one or two dB over 
the entire 40 dB range, once you get the hang of it. It 
is possible to view spectral components as far down 
as - 40 dBm, but scale compression at the low end is 
so great that you can only guess at the actual am- 
plitude. 

calibration 
The display response indicated in the photograph 

was achieved on my analyzer with i-f attenuation set 
at a minimum and video sensitivity at 50 mV/cm. The 

VIDEO DETECTOR 
/SEE REF 11 

TO SCOPE 
VERTICAL 

fig. 2. Signal-processor circuit as modified by N6TX for use 
with his microwave spectrum analyzer.' 

display was calibrated with the aid of a stable 10 mW 
signal source and a calibrated step-attenuator, by ob- 
serving changes in the display amplitude as various 
amounts of attenuation were switched in. Since 
every analyzer is likely to exhibit its own transfer 
characteristics, it's a good idea to perform a similar 
calibration yourself if you duplicate this project. 

Spectrum display of a 450-MHz signal source, as viewed on 
the microwave spectrum analyzer with logarithmic video One further point: When I change from low-band 

~rocessina. The desired sianal is at + 10 dBm: second har- (dc t~ 2 GHz) t~ high-band (500 MHz t~ 2.5 GHz) - - 
monic is down 23 dB at - 13 dBm. Fourth harmonic is clearly coverage, the vertical scale calibration changes con- 
visible at 40 dB down I - 30 dBm). Also visible is a third har- siderably. This is due to the difference in i-f gain with 
monk component at a ~ ~ r o x i m a t e l ~  -35 dBm. Total display the i-f amplifiers operating at 2 and 1.5 GHz, respec- 
dynamic range easily exceeds 40 dB. Note the non-uniform 
vertical deflection graduations, discussed in the text. tively. Once the analyzer is recalibrated, however, I 

find it possible to easily resolve signal amplitudes 

d Ern  over at least a 40 dB range, with the analyzer operat- 

0 2 4 6 8 1 1 2  1 4  1.6 1.8 
FREQUENCY GHZ 

ing in either band. 
Any feedback from readers who attempt to apply 

this or other signal-processor circuits would be great- 
ly appreciated. All correspondence which includes a 
stamped, self-addressed envelope will be answered. 
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the weekender 

1.2 ampere variable-voltage power supply 
Whether you are a neophyte just getting started for safety, placing the case of the supply at ground 
with electronics, an old-timer who hasn't built any- potential. A fuse is placed in the hot side of the ac 
thing since the days of the 807, or an amateur in need line in case of a catastrophic failure, such as a short- 
of a handy bench supply, here is project that you can ed power transformer. The power supply is turned 
complete in a weekend, yet does not contain any ex- off and on by S1, which is coupled to the output volt- 
otic or hard-to-find parts. To make the project even 
easier, an etched and drilled printed-circuit board is 
available. The components are available from stand- 
ard parts houses such as Allied, James Electronics, 
Lafayette, and Radio Shack. This should take the 
hassle out of getting the parts together to start the 
project. The finished product is a neat package that 
you can be proud to put your call letters on, and will 
find extensive use in your shack or on your work 
bench. 

circuit description 
The power supply furnishes a regulated dc output 

that is variable from 1.5 volts to 24 volts at 1.2 
amperes. The regulation is excellent and the ripple is 

age level control R3. With this arrangement you will 
not be so apt to connect a five-volt device to  the 
power supply and flip on the power switch with the 
level control set at twelve volts. This feature can save 
a part or two from an unexpected smoke test. 

The power transformer steps down the 117 Vac to  
24 Vac and isolates the circuitry from the ac line. The 
transformer output is applied to a full-wave bridge 
rectifier circuit, CR1, which rectifies the 60 Hz ac and 
furnishes 120 Hz pulsating dc. The dc is then filtered 
by the input filter capacitor C1. The basic power sup- 
ply furnishes about 35 volts dc when lightly loaded. 

The output from the basic power supply is applied 
to the input of the voltage regulator, U1. The output 
of the voltage regulator is controlled by a voltage di- 

so low that you can power just about any type device vider network formed by resistors R1 and R3. As the 
with it, from a high gain op amp to a little QRP rig. 
Although the unit is configured as a bench supply, The author's completed power supply. 

don't overlook its use for new equipment designs, as 
well as for powering portable or small mobile rigs in 
the shack. The little supply will even run the kids' HO 
trains as 1 found out last Christmas when their power 
pack went sour on Christmas Eve. They used the 
meter on the power supply for a speedometer to see 
how fast the trains would go before jumping the 
track. 

The circuit, depicted in fig. 1, consists of three 
basic sections: a standard dc supply, a modern three- 
terminal regulator, and a metering circuit. The ac in- 
put (117 Vac 60 Hz) enters through a three-wire cord 

By Ken Powell, WBGAFT, 6949 Lenwood 
Way, San Jose, California 95120 
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LM-317K 

VIEW I 0 \L - - ~ F ~ / O J ~ O ~ r ~ A _ O J < S <  - - 

-- 

OUTPUT 

220-ohm %-wan resistor (US 271-000) 

50k-ohm trimmer resistor (US 271-2191 

5k-ohm wlswitch (US 271-1714 &271-1740) 

1000 pF135Vdc capacitor (US 272-1032) 

2.2 pF135Vdc capacitor (US 272-1407) 

24 volt/ 1.24 transformer (US 273-1 480) 

2A1100 PIV bridge rectifier (RS 276-1 152) 

0-1 mA meter (RS 22-052) 

Binding Posts (US 274-6621 

FH1 Fuse Holder (US 270-739) 

F 1 %-A slow blow fuse (US 270-1288) 

HS1 Heat Sink (Allied Radio 957-2650) 

U 1 LM-317K (James Electronics LM-317K) 

Case (US 270-2541 

Spacers (R S 270-1 393) 

Heat Sink 
Compound (RS 27813721 

fig. 1. Schematic of the variable-voltage power supply. The lettered terminals are used to indicate where the leads enter and 
leave the printed-circuit board. All resistors are 1/2 watt tolerance; capacitors are rated at 35 volts dc. US part numbers are 
available from Radio Shack. 

- - - 

fig. 2. A full-size foil layout for the printed-circuit board. An etched and drilled board is available for $4.00, postpaid, from 
J. Oswald, 1436 Gerhardt Avenue, San Jose. California 96125. 



fig. 3. Parts placement diagram for the circuit board. 

value of R3 is varied, the output voltage from the reg- 
ulator varies accordingly; C2 is added to improve the 
performance of the regulator. A metering circuit is in- 
cluded to indicate the output voltage. A 0-1 mA 
meter was chosen since this seems to be the most 
common value available, with surplus units being ad- 
vertised as low as $1.50. 

A small variable resistor, R2, in series with the 
meter provides an accurate means of calibration. The 
power supply outputs, both plus and minus, are iso- 
lated from ground so the unit may be used as a posi- 
tive or negative power supply. A ground terminal is 
also brought out to  the front panel should its use be 
required under certain conditions. 

A full-sized printed-circuit board layout is shown in 
fig. 2. This layout assumes the components are the 

same size as the ones specified in the parts list. If you 
etch your own board, I would advise using glass- 
epoxy board, rather than the lighter phenolic type 
board, since it must support the weight of the power 
transformer. The heavier board will provide a sturdy 
and stable package. 

When starting construction I temporarily mounted 
the four corner screws and standoff spacers to the 
board to  protect the foil side of the board while it was 
handled during construction. Next, mount the power 
transformer as this will make a sturdy base to hold 
the board while the smaller parts are mounted and 
soldered. Coat the bottom side of U1 with heat-sink- 
ing compound to  form a good thermal junction be- 
tween it and the heat sink HS1, and mount them to 
the board. The remainder of the components can 



now be mounted and soldered. Fig. 3 illustrates the 
component layout and care should be taken t o  
observe the polarity of C1, C2, and CR1. This com- 
pletes assembly of the basic board. 

If you are going to  install the printed-circuit board 
in a chassis box as shown in fig. 4, it is best to  install 
the interconnect wiring and the ac line cord prior to  
mounting the board. Slip a grommet over the line 
cord and solder the cord to  the board. Next, solder 
the wires to  the interconnect terminals at the front 
edge of the board and run them off to  the left edge of 
the board and then double them back to the right 
edge of the board. Now, install the printed-circuit 
board in the chassis box and solder the wires from 
the front edge of the board to  their respective com- 
ponents on the front panel, breaking them out at 
right angles to  the board, parallel to their respective 
components. The loop left in the wiring between the 
terminals and the front panel components will allow 
the board to  be removed and turned over for service, 
should it ever be requried. The ac line cord and grom- 
met are now placed in the cutout at the left edge of 
the rear panel. Again this is done to  facilitate service 
to the board without unsoldering any wires. 

If you use the meter shown in the parts list, and 
wish to convert the scale to  read volts rather than the 
original milliamperes, remove the plastic cover from 
th; meter and the two small screws retaining the 
meter face. Then, you can erase the numbers with a 
typewriter eraser. With rub-on or decal numbers, 
replace the original markings as follows: change 0.2 
to 5, 0.4 to  10, 0.6 t o  15, 0.8 to 20, and 1 to  25, leav- 
ing the zero digit alone. With a little care, you can do 
a very nice job on the meter and the neatly graduated 

fig. 4. Mechanical details of the enclosure. 

scale will be 0.5 volts per division. If you want to  skip 
the meter work, install a 0-25 volt dc meter such as 
the Lafayette 99P51039V, but in this case be sure to  
set the calibration trimmer R2 t o  its minimum resis- 
tance position. 

test and calibration 
The first step, providing you have used a 0-1 milli- 

ampere meter, is to set the calibration resistor to  its 
maximum resistance position. Now set the meter to 
zero with the meter adjusting screw on the front plas- 
tic meter cover. Connect a VOM or VTVM, set to 25 
volts dc or higher, to the front panel output jacks. 
Plug the power supply into 117 Vac, advance the 
output level control to turn on the power supply, and 
adjust the control until the VOM or VTVM reads 25 
volts. Now, adjust the calibration trimmer, R2, for a 

Inside view of the power supply showing the printed-circuit 
board and most of the internal components. The bridge rec- 
tifier is mounted behind the hastsink for U1. 

full scale reading of 25 volts on the panel meter MI.  
Next, check the readings at 20, 15, 10, and 5 volts. 
The panel meter should track your VOM or VrVM 
readings quite closely, with the greatest accuracy be- 
ing achieved at the upper end of the scales. 

To check the load regulation, set the power-supply 
output at 6 volts and apply a load, such as three no. 
47 pilot lamps in parallel, to the output jacks. No 
change in the meter readings should take place as 
the load is applied and removed. If you have a scope, 
you can look at the power supply output under load, 
but under moderate load it is virtually ripple free. In 
the absence of a scope you can listen to the output 
with a pair of high-impedance headphones coupled 
through a 0.1 pF capacitor, with silence being the 
rule. The ripple on both of the supplies I've con- 
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fig. 5. Full-scale meter face after modification. 

structed was so low that I could not measure it with 
my old scope. If the supply meets the above param- 
eters it is time to put it to work; don't worry about 
hurting it because it can take just about all the abuse 
you can dish out. 

I have built two of these units and use them on the 
work bench, as I always seem to need both plus and 
minus voltages at the same time. Both supplies have 
been excellent performers. The esthetics of the fin- 
ished product is proportional to the effort you put in- 
to it, but I found that you can actually build one of 
these supplies in a single weekend, have it look as 
good as a commercial product, and still have time for 
a late night QSO or two. 

There are many variations that could be made, 
such as placing two boards in a single enclosure and 
making a dual output supply, or adding a switch and 
a meter shunt to allow the reading of output current. 
The fact that all the components are easily obtained, 
a ready made board is available, and there are no crit- 
ical adjustments make this bench supply an enjoy- 
able project; I hope you get as much satisfaction 
out of building and using it as I have. 

ham radio 

keyboard cleaning on the HP-35 calculator 

Owners of HP-35 and equivalent pocket calcula- 
tors may be experiencing some problem with key- 
board operation. Problems such as a double entry or 
intermittent function is usually due to dirt under the 
keyboard contacts and is easily corrected. 

The Hewlett-Packard series uses thin spring strips 
for key switches separated by a single, thin plastic 
sheet from the buttons. The sheet provides a barrier 
to prevent dirt and moisture from entering the con- 
tact area and will wear through after a year or two of 
operation. The sheet is the major source of trouble, 
not the contacts. 

Plastic sandwich bags of polyethylene are a good 
source of replacement material for the sheet and may 
be used in one or two-layer thicknesses.* A common 
problem is how to open the case. 

Models 35, 45, and 55 all use six screws for the 
main case. Two are easily accessible in the battery 
compartment, two are under the bottom feet, and 
the remaining two are hidden by the instruction label. 
The label is made of aluminum foil stock and its ad- 
hesive backing allows easy removal; if you have had 
one this long, you don't need the instructions. Keep 
the keyboard side down when removing the screws. 
When open, the small circuit board screws are easily 
visible but be careful of the double-wire contacts 
joining it to the main board. 

"Mylar and Teflon sheet has been tried by some but does not work as well 
as the polyethylene sandwich bag plastic. Glad bags and Baggies material 
has been very successful locally. 

The main board is screwed to the case top and re- 
moval will expose the barrier sheet and key buttons. 
Use the old sheet for a pattern, tracing the outline 
and access holes with a felt marker (Sanford Sharpie 
or equivalent). Be sure to keep the old sheet for 
future repair. 

A clean, fine-bristle artist's brush is good for clean- 
ing the area between switch spring strips and contact 
surface. It is better to work "dry" than to use com- 
mercial cleaners since these usually leave a residue. 
lsopropyl alcohol is good and ordinary rubbing alco- 
hol is suitable even though it contains some water. 
Inspect the contact area with a magnifier for any 
stray hairs; a good artist's brush will have bristles 
firmly attached but some may break off. 

This is also a good time to clean the buttons and 
case front. A lattice-like frame of plastic holds the 
buttons from the back. Use extra caution in remov- 
ing this. Once removed, the buttons will simply fall 
out. Ordinary hand soap and water is an excellent 
cleaner and will not harm the plastic or markings. 
Use a bowl to contain the buttons and soapy water 
- all buttons are individual and it is too easy to lose 
one or two down a basin drain. The slide switch has a 
separate contact with special lubricant and the con- 
tact must be removed and set aside. 

On reassembly, check button locations with the 
owner's manual. Do not force the screws into the 
plastic case or use too much torque; the original 
threads are quite adequate. 

Leonard H. Anderson 
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The HEATHKIT" HW-8 ... it works the world on a couple of watts! 
In 1977 Norm North. WAlD3R. was assigned to Thule, 
Greenland. W~th him went his Heath HW-7, a dipole an-  
tenna, and a goal ... work all 50 states1 
Norm failed! But what he did accomplish in three months' 
time, with his HW-7 and the call OXSKB. is nothing short 
of amazing! Worked: 41 states. 30 countries. including a 
PY4 in Belo Horizonte. Brazil, and First Place, High-Band 
CW Greenland, in the'77 ARRL International DX Compe- 
tition! Quite a record! 
In Norm's words: 'I honestly believe that I could have 
work4  all states and perhaps DXCC if I had stayed in the 
Arctica bit 1onger.This is quitea tribute to that little rig ..." 
We'd agree. and we bet Norm would have done even bet- 
ter had he been using a new Heath HW8! Why? Because 
our engineers felt they could give you a much finer QRP 
rig than the HW-7. One with better sensitivity, lower hum 
and noise figures, an RF gain control, sharper preselector, 
switchable selectivity, more bands to operate, and even a 
bit more power! 
They succeeded in a big way! And the result of their 
efforts is a truly superb CW transceiver for the QRP 
operator that costs just $129.95*.. .the Heathkit HW8! 

- 

Why don't you take up the challenge? Build an HW-8 kit ,  then 
join the growing ranks of outstanding QRP operators, like 
Norm, who are proving you really can work the World on a 
couple of watts! 

'Price is moil order. F.O.B. Benton Harbor. MI. Prices and rpecilicalions sublect to 
change vilhout nollcs. 

Cotal~salsoavai lablaat  the 50Heathkil Eleclronic 
Centers eoast.to-coast (unit. of Schlumberger Producla 
Corp.) where Heathkt1 pmducls are displayed, sold. 
and serviced. Relanl ~ r ~ c o s  on some oroducls mov be 
sltghlly higher. See your phone bwk whtle pages. 

FREE Heathkit Catalog 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I 

- 

I Heath Company 
Dept. 122-430 

I Benton Harbor. 
MI 49022 

Genllernen please sendmemy tree Healhkil Calalog 
' 

I am no1 on your macl~ng Ifst. 

State 
I 

More Details? CHECK-OFF Page 142 



radio sounding system 
any quantity. (A parachute design is included to  

An unusual I help increase the odds of retrieval.) 
The sonde shown in fig. 2 was originally modeled 

application of 
amateur radio for 

atmospheric studies 

H o w  many o f  you vhf enthusiasts have experi- 
enced the thrill of "an inversion DX contact" and 
later wondered iust what caused it? Such a phenom- 
enon is caused by weather. Here's a sounding sys- 
tem that you can use to find out what's happening in 
your area. The heart of the system is called a radio- 
sonde. 

A radiosonde (or sonde) is a remote weather sen- 
sor that uses radio signals to  furnish, by telemetry, 
data to a ground-based receiver and recorder. A 
radiosonde is usually carried aloft by a helium-filled 
balloon. From high above it sends back atmospheric 
information. Weather services use such devices 
daily all over the world to  develop weather forecasts. 
While the radiosonde described here is a scaled- 
down version of its bigger cousins, it will allow in- 
terested vhf experimenters to  study the atmosphere 
up to several thousand feet (or kilometers). Maybe 
you can forecast the next big tropo opening! 

system description 
Fig. 1 illustrates the amateur weather telemetry 

system. It consists of the airborne radiosonde and a 
ground-based station that includes a uhf converter, 
i-f stage, oscilloscope, frequency-to-voltage (FIV) 
converter, and a chart recorder. 

Radiosonde. A schematic of this little unit appears 
in fig. 2. It consists of a sensor, modulator, and a 
uhf transmitter that operates in the 420-425 MHz 
portion of the amateur 70-cm band. 

Anything set aloft on a balloon doesn't stand 
much chance of being seen again, so I've kept the 
circuits simple and the costs down. This is especially 
important if you're planning to use these circuits in 

after one built by the Argonne National Laboratory 
for use in the 403-406 MHz band. It operates around 
422 MHz and has few circuit modifications. The 
transmitter doesn't drift more than * 1 MHz, so op- 
eration near the band edge is quite safe. 

The sonde measures temperature changes and 
transmits the data to the ground station. A small 
thermistor, RT, changes value with temperature. 
Thermistor RT and capacitor CX form an RC circuit 
that provides an audio signal, which varies as a func- 

View showing the inside of the audio-processing stage and 
the frequencylvoltage converter. 

tion of temperature. This tone modulates Q2, the 
transmitter, which provides a uhf fm  signal. Al- 
though power output is only milliwatts, when the 
sonde is several thousand feet (or several km) up, its 
signal can be heard for hundreds of square miles. 

The sondes are constructed on small epoxy PC 
boards (fig. 3). Half the board holds the compo- 

By Larry L. Jack, KL7GLKl3, 1 East Lake 
Drive, Bay Ridge, Annapolis, Maryland 21403 

42 july 1978 



nents, while the other half is a convenient place to 
tape the 9-volt battery that powers the sonde. 

Receiver. Now what's needed is something to re- 
ceive these interesting weather signals. I use an in- 
expensive fm broadcast tuner (Lafayette ST-22) for 
a variable i-f amplifier. It has afc and the wideband 

4 2 2  M H z  

R A D I O S O N D E  

I 1 1 1  A O M N I D I R E C i l O N A L  
A N T E N N A  

R G - 8 / U  C O A X  

FV converter 
The next stage accepts the audio signals from the 

i-f amplifier and converts them to a dc voltage. It's a 
model 4714 frequency-to-voltage converter made by 
Teledyne Philbrick and is driven by two audio stages 
that provide limiting and amplification. (See fig. 4.) 
A dc voltage from the FV converter drives a chart re- 
corder. The recorder should have a full-scale range of 
5 volts. When everything is working properly, a rise 
in temperature at the thermistor will cause an in- 
crease in voltage, which can be measured at the 
chart recorder. 

tune up 
An oscilloscope is useful for tuning the system and 

for general operation. The scope is connected to the 
audio output from the tunable i-f stage. With the uhf 

A U D I O  

( V A N G U A R D  L A B S  
M O D E L  4 0 8 1  I - F  S T A G E  

I L A F A I E T T E  S T - 2 2 )  

F R E Q U E N C Y - T O -  
VOLTAGE C O N V E R T E R  

fig. 1. The amateur weather system, consisting of airborne L 
telemeter and ground station. Radiosonde, lifted aloft by a 
helium-filled balloon, transmits temperature changes to the 
ground station on the amateur 70-cm band. 

capability to receive the sonde's broad, drifting sig- 
nal. It costs less than the parts needed to build a 
comparable i-f; but if you have the urge, feel free to 
experiment. 

A Vanguard Labs model 408 uhf converter feeds 
422 MHz, which is down converted to 90 MHz, to 
the i-f amplifier. You now have a receiver over which 
you can hear the varying temperature-dependent 
tone from the radiosonde. 

converter and the i-f stage on, a characteristic noise 
signal will appear on the scope. With the FV conver- 
ter stage on, a noise trace will appear on the chart re- 
corder. R1 (50k) in fig. 4 is adjusted to give a 2.5-volt 
trace for 200 Hz into the FV converter. This gives a 
noise trace at approximately 4.5 volts on the chart re- 
corder. R2 allows fine adjustments at the full-scale 
end of the chart recorder. 

Place the sonde on an elevated nonmetallic stand, 

C1 Johanson 9301 trimmer Z P F  
\ I  

L l  on PC board 

0 1  2N4852 

Q2 2N3563 A N T E N N A  

0 2  NO.  12 1 2  1mmt 

RT Fenwall thermistor GA45J1 W I R E  
7 I N  11Bcm) LONG 

Resistors are 5% tolerance 118 W 8  Z L  

l lrF 

fig. 2. Radiosonde schematic. Circuit 
was modeled after one built by the C E R A M I C  

Argonne National Laboratory. Parts 
S I L V E R  S I L V E R  

count and cost are kept low, because M I C A  M I C A  

retrieval chances are small. 



the thermistor will cause the trace to increase in am- 
plitude then decrease as the thermistor cools. 

If you wish to  measure other weather data, other 
resistance-variable sensors can be used; for example, 
a hygristor can be substituted for the thermistor to 
measure humidity. 

calibration 
When the sonde and receiver are working proper- 

ly, the sonde is ready for calibration. Begin by using a 

Author KL7GLK fllllng balloon w ~ t h  helium before launch 

such as a small cardboard box, and connect a 9-volt 
battery. Tape the battery in place on the sonde. Ad- 
just the transmitter output tuning capacitor (Cl, fig. 
2) using an insulated tool. Watch the scope and chart 
recorder. A t  a point on C1 a sawtooth wave will + w  
appear on the scope. The recorder trace will smooth 

-9v 
to a straight line between 60-70 per cent of full scale. 

Where each sonde operates in this range will be a 
function of air temperature and the tolerance of RT, fig. 3. PC-board layout. A, and component place- 
CX, and other components. A warm breath of air on ment, B, for the radiosonde. 

l U D l 0  
FROM 
I - F  

STAGE 

AUDIO A M P L I F I E R  f / V  C O N V E R T E R  

2 0 0  1 5 0  

U 3  
4 7 , *  

- - O E o s  . I S 0  
R I 

> 
A+ 

(TOP V IEW1 I S M  

- I 5  COY + I 5  

POWER SUPPLY 

I I 

DC VOLTAGE 
TO CHART 

RECORDER 

U1 HEPC6002 

U2 HEP C6008 
U3 Teledyne-Philbrick 4714 frequency-to-voltage converter 

power supply Teledyne2.212 + 15-0- 15Vdc 100 mA 

fig. 4. Schematic of the audio amplifier and frequency-to-voltage (FVI converter. The FV converter drives the chart recorder. 



thermometer to  measure the room temperature that 
the sonde is monitoring. Mark this value on the chart 
recorder alongside the trace. Place the sonde in a 
chamber that can be cooled (by ice, for example) to 
68F (20C) below room temperature. When the sonde 
stabilizes at this new temperature, mark this value on 
the chart next to its corresponding trace. 

The system has a linear temperature response 
from 23 t o  86F ( - 5 to  30C). Using the two calibra- 
tion points to form a temperature-to-voltage slope, 
any temperature point along this slope can be inter- 
polated. A calibration factor can be calculated by 
dividing the change in temperature by the change in 

. voltage. For example, if the two calibration points 
were 36 and 75F 12 and 25C1, for a voltage change of 
1.0 volt there would be a 36F (2.3C) change per 
100mV; i.e., 25-2=23, and 23/1.0=2.3. 

Most chart-recorder paper is divided into 100 lines. 
On a 5-volt range, each line is 50 mV, so a change 
of k 1 of these divisions is a change of k3.6F 
( f 2.3Cl. This number, (2.3C or 3.6F1, is assigned to 
the sonde as its calibration factor. 

Before flying the sonde, measure the outdoor air 
temperature and mark it on the chart. Once the 
sonde is in flight, the calculated temperature can be 
subtracted from this point, giving the temperature 

The @-MHz redlosonde without the bvolt battery attached. 

the sonde is measuring. Because of differences in 
tolerances of each sonde's components, each sonde 
will have a slightly different calibration factor. It's 
therefore a good idea to  calibrate each sonde in- 
dividually. 

preflight 

The question of determining altitude for the cor- 
responding sonde data now arises. It's necessary to 
know the rate of the balloon's ascent, so that the al- 
titude can be calculated as a function of time, as 
measured by the chart recorder; i.e., chart speed = 

Y A S N l N O  T A P E  
2 I  I N  I J c n J  S O U 4 R E  

the parachute. Sketches A b,,, , ,  ., -1 
through C show top and bot- T O P  V I E W  

tom views; D through F show 
assembly details. 

Q 
T O P  V I E W  

0 

THROUGH 
A N D  PAPER 



2 inches (51mm) per minute. A rough rule of thumb 
is: A 1-ounce (30-gram) helium-filled balloon, filled 
to just lift a 4.9-ounce (139-gram) weight, will ascend 
alone at 613feet (187 meters) per minute. 

Attaching a sonde and a parachute will upset 
these figures, so if this method of determining the 
rise rate is used, some experimentation will be neces- 
sary. The best method of determining altitude is to 
double track the balloon with theodolites and cal- 
culate the altitude by triangulation. 

The balloons used to lift the radiosondes and their 
parachutes (there is a good reason for the para- 
chutes, by the way) are meteorological balloons.* 

A 1-ounce (30-gram) balloon is overfilled to lift 
the'sonde but it works. These overfilled balloons will 
burst sooner than others (that's why there's a para- 
chute), but usually long after they have drifted out of 
radio range. As mentioned before, the balloons are 
filled with helium. Small cylinders of helium are avail- 
able from firms selling compressed gases. 

the parachute 
When the balloon bursts, your little sonde could 

hurtle down through someone's property if the para- 
chute and sonde didn't descend nice and slowly. If 

R A D I O S O N D E  

/ ?  

fig. 6. Telemeter assembly showing the balloon, parachute, 
and radiosonde. When the balloon bursts. the parachute 
opens, allowing the sonde to drift gently to eerth. Your 
name end address attached to the sonde should increase 
the chances of its retrieval. 

you attach a return address label, maybe someone 
will mail it back. We get a good number returned 
this way. You can make your own parachutes with 
some paper folding and string (see figs. 5 and 6). 

flight 
The system is now ready for use. I'll describe the 

procedure my compatriots and I use to fly the sonde. 
First of all it's necessary to file a Notice to Airmen by 
calling the Federal Aviation Administration (FAA). 

Radiosonde balloon and parachute just before launch. This 
is the type of equipment used by the United States Weather 'Available from Weather Measure Corporation. P.O. Box 41257, 
Service (Beuker's Laboratory model 1207). Sacramento. California 95841. 
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f ig. 7. Inversion sounding t race show ing  temperature - changes as a funct ion o f  alt itude between 400 and 2500 
meters (1312 and 8200 feat). 

Look for a flight service station in your telephone 
book. They request you tell them the number and 
times of the flights and the location of the launch. 
There's nothing to get upset about, but be sure you 
file your notice. 

All right, the balloon is filled, and the train of 
string, parachute, and sonde is then attached. 

Turn on the receiving and recording equipment, 
attach the radiosonde battery, and tune the receiver 
to the sonde frequency. Make a note on the chart of 
the sonde's calibration factor. Then make a side-by- 
side comparison of the sonde temperature with that 
of a thermometer; mark the thermometer reading 
beside the chart-recorder trace. If theodolites are 
being used to track the balloon, alert the operators. 
Release the balloon and mark this moment on the 
chart recorder. As the sonde ascends tune the re- 
ceiver to follow any transmitter frequency drift. 

The chart recorder will begin to show the changes 
in the air temperature as it takes a cross section, or 
profile of the atmosphere. Depending on conditions, 
the temperature changes will range from mild to 
dramatic. 

For instance, the inversion phenomenon men- 
tioned in this article's introduction would look similar 
to the profile in fig. 7. 

onward and upward 
From here on, I refer you to the vast number of 

meteorology books. As more experience is gained 
using radiosondes, your questions on weather phe- 
nomena will quickly outdistance the scope of this 
article. The system described won't put you in com- 
petition with the National Weather Service, but it 
will provide an interesting medium for a personal 
study of the atmosphere and an unusual use of ama- 
teur radio. Have fun with it. 

ham radio 

DISC-CAP IS NOW SHIPPING 
The Microwave Module 

line of linear transverters. 
Use your present HF equipment o n  144 o r  432 MHz. 

These units are not the least expensive on the market.. . 
we believe they are the finest! 

The standard IF is 28 to  30 MHz. However, w e  wi l l  
provide 50 t o  54 MHz or 144 t o  148 MHz upon request. Al l  
units are covered by a ful l  one year guarantee. 

MMT 432128 $259.95 
MMT 14428 f 198.95 

POWER SUPPLIES 
28 Voll, 18 Amp Regulated Power Suppllea (1 1OV in) $75.00 
12 Volt, 18 Amp Regulated Power Supplles (1 10V in) $85.00 
Dual ~ W V  D.C. 1 amp tully metered $85.00 

RECEIVERS 
Colllna 651F-1. 2 to 30 MHz in I00 cycle steps, digltal tuning, 
USBILSBIISB. Stability: 1 part in 108. Completely remote con- 
trolled, with all racks, connectors, control head. $1400.00 
R-388151J - Collins0.54 to 31 MHz 875.00 
R.39OA - 0.54 to 31 MHz, overhauled complete $595.00 
Astrocom SR201,30-300 Mhz, all solid state $450.00 
RACAL Model 8217A, 980 kHz. 32 MHz, All Solld State. takes 
about 3 Inches of rack space, digital tuning $1600.00 
LTV G l l l  Panoramlc Recvr Includes CRT display, 100150 MHz 
with converters. Will makealine spectrumanalyzer. $150.00 , E, 61 i TMR.5 with front end plug-ins to cover ,il~,~,- , 105-140 MHz and 200280 MHz. $250.00 

2200 to 2300 MHzavailabfe. 
We have complete documentallon for all 
TMR-5series including plug-ins. 

CEI type 415. 60-250 MHz, all solid state, modular constr.. xtal 
controlled. 4 channels. incredible value. 385.00 
835V-1 Colllns Preselector band pars Fillers - They're back! 2 
to 30 MHz. 1 kHz steps, with copy of manual and rack and con. 
nector. $275.00 
SX.115 Immaculate with speakerand manual. $450.00 
ANWRR2. 2.30 MHz, synthesized or contlnuous tuning, com- 
pletely bench checked. $600.00 
RTTY Converter CV.245YPRC-47 Built-in loop supply (60 mA or 
20 mA) - requires rcvr audio and 24 volts. It's also an AFSK 
Keyer. 850 Hz shift. $65.00 

TEST EQUlPM ENT 
Blrd 8835 Termlnatlon Wattmeter complete RF Assy. - NEW! 
1.2 KW, 600 watts. 120 watts full scale. You add oil and meter. 

595.00 
SPECIAL: Micromatch In-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 5OPA meter. Removed from 
equipment. $24.95 
HP400DR Audlo VrVM - NEW $125.00 
Solartron DA410 Transfer Function Analyzerwith manual. 

$475.00 
WelnachelBB3-1 Power Attenuators, 30 watt avg.. lOKW peak. 

$65.00 
HP764D Dual directional coupler. 200500 MHz. $100.00 

TRANSMITTERS 
Colllna KWTBLVURC32 - 2.30 MHz, 1 kHz steps, complete xcvr. 
500 watt PEP outpu!, 500 watt CW output. AM capability. 
Complete and runnlng. $1850.00 

Standard TIT pad mounted in a 
sturdy steel case Incl. 2 volume 
pots a 1 push button labeled 

Stereo". Also has 2 phone 
jacks for headphones, micro- 
phone, etc. Will make a tine 
control head. $24.95 

TIT to Pulse Converter 
qulres 12-24 VDC 

< 8 " < , . . l . r r P r l d .  

Wanted: Documentation for ANIWRR.2. p lug-~ns and IF 
Amplifiers for TMR-5. 

AUGUSTA. GA. 30902 
DISC-CAP, 1434 REYNOLDS ST. 

404-722-1 121 
Ga. Residents - add State Sales Tax. Unfortunately. Dfsc.Ca~ 
can only service U. S. customers. 



4 EL-EMEMT-3 RAND 
10-15-20 METER BEAM 
Cushcraft engineers have incorporated more than 30 vears of desian 
experience into the best 3 band HF beam available-today. ATE-34 
has superb performance with three active elements on each band, 
the convenience of easy assembly and modest dimensions. Value 
through heavy duty all aluminum construction and a price complete 
with 1-1 balun. 

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

SPECIFICATIONS 
FORWARD GAIN - 7.5 dBd WIND SFC - 5.4 Sq.Ft. 
F/B RATIO - 3 0  dB WEIGHT - 42 Lbs. 
VSWR - 1.5-1 WIND SURVIVAL - 9 0  MPH. 
POWER HANDLING - 2000  WATTS PEP 
BOOM LENGTH/ DIA. - 18' x 2 1/8" 
LONGEST ELEMENT - 32'8" 
TURNING RADIUS - 18'9" COMPLETE 

UPS SHIPPABLE NO E X T R A S  TO BUY 

IN STOCK WITH DISTRIBUTORS WORLDWIDE 

C O R P O R A T I O N  

BOX 4680, MANCHESTER, N.H. 03108 
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10-15-20 METERS 

HF VERTICALS 
BY CUSHCRAFT 
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outboard LED frequency display 
for the 

Heath HW2036 

Operating the HW2036 
no longer 

has to be done 
in the dark - 

this outboard display 
shows the frequency 

set in the switches 

Picture yourself driving along the freeway one 
evening and your Heath HW2036 comes alive with an 
interesting QSO on the 01/61 repeater. Just before 
the punch line, the operator decides to  move to 
147.18 simplex. If you want to  hear the rest of the 
joke, you'll have to either turn on the dome light in 
your car so you can see where to set the thumbwheel 
frequency-selection switches on your rig or you can 
set the switches to a common starting point and 
count the clicks as you advance them to the correct 
frequency. By that time, though, the joke is past 
history. Having owned a HW2036 for a year now, I 
found that the only real problem was quickly chang- 
ing frequency at night. There are no lights provided 
on the front of the panel to illuminate the thumb- 
wheel switches. After many hours of fumbling in the 
dark with the frequency switches, it occurred to me 
that the switches must provide binary-coded infor- 
mation to program the synthesizer variable dividers. 
Why not use that same information to  drive some 
LEDs, thus displaying the selected frequency? 

y Bill Stephens, WB8TJL, 217 West Reed 
treet, Bowling Green, Ohio 43402 



circuit details 

Switches S3, S4, and S5 provide BCD information 
to the variable divider ICs (U401, U402, U403 respec- 
tively). If you are setting your frequency to 146.94, 
for example, you dial up 6 9 4, since the 1 and 4 re- 
main constant across the band. 

I found it was possible to tap off of the four leads 
at the rear of the three thumbwheel switches and use 
that information as inputs to the three 7447 ICs (see 

didn't find the prospect of wiring 42 resistors too ap- 
pealing. Therefore, I decided to limit the current go- 
ing to the common-anode connection of each LED; 
that required only six resistors. 

The only drawback to this technique is that as dif- 
ferent digits are displayed, using more or less 
segments, the overall intensity of that particular digit 
will be slightly brighter or dimmer than other digits. 
For instance, if the digit 1 is displayed, only two 
segments of the LED are lit (segments b and c ) .  On 

TO 
S r n T -  
REG 

LINE 

5 kHz 0 kHz 

5 6  

5 4  ss 

I 
TO HW2036 

HASH FILTER 
TO HW2036 

SYNTHESIZER BOARD 

fig. 1. Schematic diagram of the addition to the HW2036 to add an outboard frequency display. In- 
stead of using 7 resistors for each LED, a common current-limiting resistor is inserted in the anode 
line. The LEDs must be of the common-anode type. The 5-volt regulator is a 7805. 

fig. 1). The 7447s convert the BCD data from the 
switches into a seven-segment format necessary to 
drive the LEDs. This in no way alters the operation of 
the synthesizer, nor does it degrade the performance 
of the rig. All of the outboard components can be 
easily housed in a small box and set on top of or 
beside the HW2036. A flat cable containing 15 leads 
is used to connect the HW2036 and the out- 
board unit. 

display LEDs 
Since LEDs 1 and 2 always displayed the digits 1 

and 4, it was decided to conserve costs and space 
and not use a 7447 decoderldriver. Instead, they are 
permanently wired to display 1 and 4. LEDs 3 thru 6 
are driven by U1 through 4, respectively. Each of the 
LEDs has a 100-ohm 112-watt resistor in series with 
pin 3 and the 5-volt line. This resistor limits the cur- 
rent to each segment to no more than 25 mA. It 
would be better to connect one resistor in series with 
each of the seven leads of each of the six LEDs, but I 

the other hand, if 8 is displayed, all seven segments 
(a, b, c, d, e, f, g) are used and they must share the 
same amount of current as the two segments in the 
first example. With a 100-ohm resistor and a 5-volt 
line this works out to 25 mA per segment when two 
segments are on and 7 mA per segment when all 
seven are lit. In practice this poses no real problem 
because the change in intensity is barely noticeable. 

obtaining power 
Referring to the schematic of the HW2036, 12 

volts is obtained from lug 2 of the on-off switch S1. 
This line and a chassis ground are fed thru a cable to 
the outboard display unit's 5-volt regulator. An 
LM309K could be used, although the smaller pack- 
age TO-220 7805 was used in my unit. The 7805 is 
rated at one ampere of current and is capable of 
powering the four 7447s and the six display LEDs, 
although it does run a bit warm at times. Mounting 
the regulator on a small heatsink or bolting it to the 
display unit case should overcome this problem. 
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decoderldrivers 
Each switch has a 1, 2, 4, and 8 lead coming from 

it; these are connected to pins 7, 1, 2, and 6, respec- 
tively, of the 7447s. When a thumbwheel switch is 
set to program the digit 6, it grounds the two unused 
leads of the 1 and 8 lines. With pins 6 and 7 ground- 
ed, the outputs ground the appropriate leads of the 
associated LED, causing it to form the digit 6. Each of 
the 7447s is connected to its associated LED by seven 
leads, one for each of the seven segments in the LED. 

If the operator decides to program in a split chan- 
nel, for instance 146.945, S6 is used to  control U4. 
Within the rig, S6 grounds one lead of U405 when 
the frequency ends in a zero; it lifts that same lead 
above ground when a split channel is selected. To 
display the digit 5, when the switch is set in the 5 kHz 
position, bring a lead off of the unused side of S6 and 
tie it to pins 1 and 6 of U4. Thus, when the switch is 
in the 0 position there is no input to U4 and no digit 
appears. When the switch is thrown to the 5 kHz 
position, pins 1 and 6 are grounded, displaying a 5. 

construction details 
I built my unit on perf board with 2.5 mm (0.1 inch) 

hole spacings. One board, measuring about 9 cm2 
(3-1 12 inch square) contains the four 7447s and the 
voltage regulator. A second board, measuring about 
9 cm x 3.8 cm (3-112 inches x 1-1 12 inches), contains 
the six LEDs and is connected to the first board by 30 
jumpers. While perf board is entirely acceptable for 
this project, it is suggested that printed-circuit 
techniques be used due to the relatively large number 
of board-to-board jumpers and the small space in 
which to  work. The many connecting jumpers tend 
to make the interconnecting harness very stiff and 
difficult to  work with. 

My unit is housed in a homebuilt box measuring 5 
x 9 x 10.2 cm (2 x 3-112 x 4 inches) with a sloping 
front panel for easier viewing of the LEDs. The size 
and shape of your box will be determined by where 
and how you are going to mount it. Four-conductor 
flat cable was used throughout the construction. 
Four lengths of cable were used to bring the 15 leads 
out of the back of the HW2036 case (they fit nicely 
between the top of the PA board assembly and the 
case). Individual strands of the same wire were 
stripped and used for the 5-volt line and ground bus 
on the two perf boards. 

If the unit is to be mounted in an outboard case, it 
is recommended that a plug be installed to discon- 
nect the outboard unit from the HW2036 for ease of 
servicing. 

I wish to thank WB8NQW and K8TT for their help 
and thoughts in completing this project. 

ham radio 
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phase-locked loops 
basic 

building blocks 
for frequency 
manipulation 

A basic discussion 
of phase-locked loops 

and how they 
are used in 

communications systems 

In electronic systems, information can be ex- 
pressed in four ways: voltage, current, frequency, 
and phase angle. In modern electronics, operational 
amplifiers have become the basic building blocks for 
circuits which manipulate voltages and currents. But 
what about frequency and phase angle? Enter the 
phase-locked loop or PLL. 

The first widespread use of the phase-lock system 
was in TV receivers to synchronize the horizontal and 
vertical sweep oscillators to the transmitted sync 
pulses. Lately, narrowband phase-locked receivers 
have proved to be of considerable benefit in tracking 
weak satellite signals. This is due to the superior 
noise immunity of PLL systems. Although it's not 
well known, the synchronous reception of radio sig- 
nals using the PLL technique was first described in 
the early 1930s; it was known as a "homodyne" 
receiver. 

In the early days, applications using PLLs had to 
be implemented using discrete components. Even 
after the advent of transistors, the PLL circuit was 
considerably complex. Thus, the use of PLL methods 
in most electronic systems was both expensive and 
impractical. 

In the late 1960s Signetics Corporation developed 
monolithic circuit versions of the PLL system. This 

I 
development of single chip PLLs changed things 
considerably. A single package device, used with a 
few external components, offers all the benefits of 
PLL operation while making their use practical, 
uncomplicated, and economical. 

1 PLL theory 
Just what is a PLL and how does it do all this fre- 

quency manipulating? The op amp is a voltagelcur- 
rent feedback system; that is, a portion of the output 
is fed back to the input. In an op amp circuit, this 
feedback component is a current. The PLL is a feed- 
back system but in this case the component fed back 
is a frequency. Fig. 1 shows a block diagram of a 
feedback system. 

A phase-locked loop is basically an electronic ser- 
vo loop. The function of a PLL is to detect and track 
small differences in phase and frequency existing be- 
tween the input and a reference signal. A block dia- 
gram of a basic PLL system is shown in fig. 2. In this 
circuit the voltage-controlled oscillator is driven in 
the direction that will minimize the error signal. Note 
the similarities between figs. 1 and 2. 

Like most other complex circuits, phase-locked 
loops have special terms associated with them; 
understanding their operation is easier when you 
become familiar with the language. The following is a 
brief glossary of terms encountered with PLLs: 

Capture range. The range of frequencies over 
which the loop can detect a signal on the input 
and respond to it. This is sometimes called the 
lock-in range (lock-in range refers to how close 
the signal must be to the center frequency before 
acquisition can occur; thus it is one-half the cap- 
ture range). 

Current controlled oscillator. An oscillator in 
which the frequency is determined by an applied 

I 
current. 

Damping factor. In a PLL this refers to the ability 
of a loop to respond quickly to an input frequency 
step without excessive overshoot. 

I Free-run frequency Cf,). Also called the center 
frequency; it is the frequency of the vco with no 

I input signal. 

By Bob Marshall, WBGFOC, Analog Applica- 
tions, Signetics Corporation, Post Office Box 
9052, ~ u n n ~ v a l e ,  California 94086 
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Lock range. The range of frequencies over which 
the loop will remain in lock; also called tracking 
range. 

Loop gain (K,). Product of the dc gains of all the 
loop elements; in units of sec-1.  

Loop noise bandwidth. A loop relating to damp- 
ing and natural frequency which describes the ef- 
fective bandwidth of the input signal. 

Lowpass filter. A filter which permits only dc 
and low frequencies to travel around the loop; it 
determines the capture range of the loop. 

Natural frequency. The characteristic frequency 
of the loop (not to be confused with free-running 
frequency). 

Phase detector gain factor (Kd). The conver- 
sion factor between the phase detector output 
voltage and the phase differences of the input and 
vco signals; expressed in volts-radians. 

Phase detector. A circuit which compares the 
relative phase between two inputs and produces 
an error voltage dependent on the difference. This 
error voltage corrects the vco frequency during 
tracking. Sometimes called a phase comparator or 
mixer. 

Quadrature phase detector. A phase detector 
operated in quadrature (90° out of phase) with the 
loop detector. 

VCO conversion gain (KO). Conversion factor 
between vco frequency and control voltage in ra- 
dians/sec/volt. 

Voltage Controlled Oscillator or VCO. An 
oscillator whose frequency is determined by an 
applied control voltage. 

loop operation 
As was mentioned earlier, the PLL is a feedback 

system; therefore, it can be characterized mathemat- 

MIXER 

lNPUT OUTPUT 

FEEDBACK 

NET WORK 

fig. 1. Block diagram of feedback system shows the 
basic arrangement of both operational amplifiers and 
phase-locked loops. Current feedback is used in an op 
amp whereas a frequency component is fed back in a 
phase-locked loop. 

ically by the same equations that apply to other, 
more conventional feedback systems. However, the 
parameters in the PLL equations deal with phase 
rather than a current or voltage. 

A mathematical analysis of a PLL can get pretty 
hairy but a qualitative analysis will explain the basic 
principle of PLL operation. During the following dis- 
cussion, it will be helpful to refer to fig. 3. 

With no input signal applied, the error voltage Vd 
is zero. The vco will operate at a set frequency fo or 
the free-run frequency. When an input signal is ap- 
plied to the system, the phase detector compares the 
phase and frequency of the input with the vco fre- 
quency. This generates an error voltage V,(,) that is 
related to the phase and frequency difference be- 
tween the two signals; this error voltage is then fil- 
tered, amplified, and applied to the control terminal 
of the vco. In this manner, the control voltage Vd(,) 
forces the vco frequency to vary in a direction that 
reduces the frequency difference between f, and the 
input signal. 

If th; input frequencyf, is sufficiently close to f,, 
the feedback nature of the PLL causes the vco to 
synchronize or lock with the incoming signal. Once in 
lock, the vco frequency is identical to the input signal 
except for a finite phase difference. This net phase 
difference 8, is necessary to generate the corrective 
error voltage Vd to shift the vco frequency from its 
free-running value to the input signal and thus, keep 
the PLL in lock. This self correcting ability of the sys- 
tem allows the PLL to track frequency changes of the 
input signal once it is locked. 

Another way of describing the operation of the 
PLL is to observe that the phase detector is, in actu- 
ality, a multiplier circuit that mixes the input signal 
with the vco signal. The mixer produces the sum and 
difference frequencies (fi k f,). When the loop is in 
lock, the vco duplicates the input frequency so that 
the difference frequency component (fi- f,) is zero; 
hence the output of the phase comparator contains a 
dc component. The lowpass filter removes the sum 
frequency component (f, if,) but passes the dc com- 
ponent which is amplified and fed back to the vco. 
Notice that with the loop in lock, the difference fre- 
quency component is dc and independent of the 
band edge of the lowpass filter. 

lock and capture 
What happens before the loop is locked? Let's 

assume for a moment that there is a frequency on the 
input to a PLL. The phase comparator mixes this in- 
coming frequency with the free running vco frequen- 
cy. If the difference frequency (fL- f,) is greater than 
the band edge of the lowpass filter, the input to the 
vco is still zero so the vco remains at its free-run fre- 
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fig. 2. Basic phase-locked loop consists of a phase detector. 
lowpass filter. and voltage-controlled oscillator (vco). The 
vco is driven in a direction which minimizes the error signal. 

quency. As the input frequency approaches that of 
the vco, fi - fo decreases and approaches the band 
edge of the lowpass filter. Now some of the differ- 
ence component is passed to the vco control. This in 
turn decreases the frequency difference component 
which allows more information through the filter. 
This positive feedback mechanism causes the vco to 
snap into lock with the input signal. Thus, the cap- 
ture range is again defined as the "frequency range 
centered about the vco free-run frequency over 
which the loop can acquire lock." 

Once the loop is locked, fl - fo is essentially dc and 
thus unaffected by the lowpass filter. The lock range 
is limited by the range of the error voltage that can be 
generated and the corresponding deviation in vco 
frequency which is produced. 

It is important to distinguish the difference be- 
tween capture range and lock range. Lock range is 
defined as the frequency range, usually centered 
about the initial vco frequency, over which the loop 
can track the input signal once lock has been 
achieved. The total time required for the vco to ob- 
tain a locked condition is called the pull-in time. Pull- 
in time depends on the initial frequency and phase 
difference between the two signals and the overall 
loop gain as well as the lowpass filter. 

effects of the lowpass filter 
In the operation of the loop, the lowpass filter 

serves a dual function. First, by attenuating the high- 
frequency error component (fL + f,) at the output of 
the phase comparator, it improves the interference- 
rejection characteristics; second, it provides a short 
term memory for the PLL and ensures a rapid recap- 
ture of the signal if the system is thrown out of lock 
because of a noise transient. Reducing the lowpass 

4. The transient response of the loop (the re- 
sponse of the PLL to sudden changes of the input 
frequency within the capture range) becomes un- 
damped. 

This last effect also produces a practical limitation on 
the lowpass loop filter's bandwidth and roll-off char- 
acteristics from a stability standpoint. A detailed an- 
alysis of a PLL under lock condition using Laplace 
transforms will prove that if either the loop gain or 
the filter time constant is too large, the loop itself will 
break into sustained oscillations. 

The lock range of the PLL, fL, can be shown to be 
numerically equal to the dc loop gain K ,  

Since the capture range, f,, denotes a transient con- 
dition, it is more difficult to derive, but with a simple 
lag filter the capture range can be approximated as 

where r1 is the time constant of the loop and fL is the 
lock frequency. Thus, the capture range increases as 
the time constant of the filter decreases, while the 
lock range is a function of the dc loop gain. 

Fig. 4 shows the typical frequency-to-voltage 
transfer characteristics of the PLL. The input is 
assumed to be a sine wave whose frequency is swept 
slowly over a broad range of frequencies. The ver- 
tical scale is the corresponding error voltage of 
the loop. 

Fig. 4A shows the loop error voltage with an in- 
creasing frequency. The loop does not respond until 
the frequency reaches.fl, which corresponds to the 
lower edge of the capture range. A t  that time the 
loop suddenly locks on the input and causes a nega- 
tive jump of the loop error voltage. As the frequency 
continues to  increase, the loop error voltage in- 
creases. Notice that Vd is zero when the incoming 
signalf, equals f,. The loop continues to track the in- 
coming signal until the frequency equals f2; this cor- 
responds to the upper edge of the lock range. The 
PLL then loses lock and Vd returns to zero. 

filter bandwidth has the following effects on system 
VL ftJ 

AMPLIFIER 

performance: 
INPUT  to OUTPUT SIGNAL 

1. The capture process becomes slower and in- 
creases the pull-in time. V, (IJ 

2. Capture range decreases. KO 

3. Interference-rejection properties improve since fig. 3. Diagram of a phase-locked loop showing the fre- 
the error voltage caused by an interfering signal is quency and voltage relationships in the system. See text 
attenuated further by the lowpass filter. for description of operation. 
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The slope of Vd is equal to the reciprocal of the vco 
gain ( l /Ko)  measured in volts/radians/sec. If the in- 
put frequency is swept slowly back (illustrated by 
fig. 481, nothing happens until the incoming fre- 
quency reaches fJ. The loop continues to track until 
f4 where it breaks lock and the error returns to zero. 
The total lock and capture ranges of the system are: 

As indicated by the transfer characteristics of fig. 
4, the PLL has an inherent selectivity about the cen- 
ter frequency set by the free running vco frequency 

fa. It can also be seen that the loop will respond to in- 
put signal frequencies that are separated from fo or fL 

depending on whether the loop starts with or without 
an initial lock condition. The linearity of the frequen- 
cy-to-voltage conversion characteristics for the PLL 
is determined solely by the vco conversion gain. For 
most PLL applications, the vco is required to have a 
highly linear voltage-to-frequency transfer charac- 
teristic. 

functional applications 
Now that you are familiar with what a PLL is, you 

probably wonder what it all means and what it can do 
for you. As a functional building block the PLL is 
suitable for a wide variety of frequency related appli- 
cations. These applications generally fall into one or 
more of the following catagories: fm demodulation, 
frequency synthesis, frequency synchronization, sig- 
nal conditioning, a-m demodulation, and frequency 
modulation. 

fm demodulation 
If the PLL is locked to an fm signal, the vco will 

track the instantaneous frequency of the input sig- 
nal. The filtered error voltage Vd,  which forces the 
vco to maintain lock with the input signal, then 
becomes the demodulated fm output. The linearity 
of the vco's voltage-to-frequency transfer character- 
istic determines the linearity of the demodulated sig- 
nal. Some typical fm demodulation applications are 
discussed below. 

Broadcast fm detection. In this application, the 
PLL can be used as a complete fm i-f strip, limiter, 
and fm detector. It can be used to detect wide- or 
narrow-band fm signals with greater linearity than 
can be obtained by other means for frequencies with- 
in the range of the vco (presently up to about 50 
MHz). One increasingly popular use of the PLL is in 
scanning receivers where a number of broadcast 

. channels may be sequentially monitored by simply 

LOWER FRE; RUN UPPER 
LOCK FREOUENCY LOCK 
LIMIT LIMIT 

@ DECREASING FREQUENCY 

fig. 4. Frequency-to-voltage transfer characteristics of 
a phase-locked loop for increasing input frequency, A, 
and decreasing input frequency. B. 

varying the vco free-run frequency. (Scanning re- 
ceivers are also using a digital PLL technique which 
is, in principle, similar to linear PLLs). 

Fm telemetry. This involves demodulation of a fre- 
quency-modulated subcarrier. One example is the 
use of the PLL to recover the SCA (storecast music) 
signal from the combined signal of commercial fm 
broadcast stations. The SCA signal is a 67-kHz fm 
subcarrier which puts it above the frequency spec- 
trum of the normal stereo or monaural program 
material. 

Frequency-shift keying (FSKI. This is essentially 
digital fm. Frequency-shift keying is a means for 
transmitting digital information by a carrier which is 
shifted between two discrete frequencies (as in 
RTTY, for example). In this case, the two discrete 
frequencies correspond to a digital 1 (mark) and a 
digital 0 (space), respectively. When the FSK signal 
is connected to a PLL, the demodulated output (error 
voltage) shifts between two discrete voltage levels 
which correspond to the demodulated binary output. 

frequency synthesizer 
Frequency multiplication can be achieved with the 

PLL in two ways: locking to a harmonic of the input 
signal, or insertion of a counter (digital frequency 
divider) in the loop. Harmonic locking is the simpler 
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fig. 5. Phase-locked loop frequency synthesizer using a 
digital frequency divider. 

and is achieved by setting the vco free-run frequency 
to a multiple of the input frequency and allowing the 
PLL to lock. A limitation of this scheme, however, is 
that the lock range decreases as successively higher 
and weaker harmonics are used for locking. This 
limits the practical harmonic locking range. For large 
multiples, the use of a digital frequency divider pro- 
vides better results; the basic arrangement is shown 
in fig. 5. The loop is broken between the vco and the 
phase detector and a counter is inserted. In this case, 
the fundamental of the divided vco frequency is 
locked to the input frequency so the vco is actually 
running at a multiple of the input frequency. The 
amount of multiplication is determined by the 
counter. 

In frequency multiplication applications, it is im- 
portant to remember that the phase comparator is 
actually a mixer and its output contains the sum and 
difference frequency components. The difference 
frequency component is dc and is the error voltage 
which drives the vco to keep the loop in lock. The 
sum frequency components (basically twice the fre- 
quency of the input), if not well filtered, will induce 
incidental fm on the vco output. This happens 
because the vco is running at many times the input 
frequency. The sum frequency component appear- 
ing at the control voltage input of the vco causes a 
periodic variation of its frequency about the desired 
multiple. For frequency multiplication, it is generally 
necessary to filter quite heavily to remove this sum 
component. The tradeoff is reduced capture range 
and a more underdamped loop transient. The size of 
the loop filter limits the minimum input frequency. 

frequency synchronization 
Using a PLL system, the frequency of a less pre- 

cise vco can be phase locked with a low level but 
highly stable reference signal. The vco output repro- 
duces the reference signal at the same per unit accu- 
racy but at a much higher power level. In some appli- 
cations, the synchronizing signal can be a low duty 
cycle burst at a specific frequency. The PLL can be 
used to regenerate a coherent CW reference fre- 

quency by locking onto the short synchronizing 
pulse. An example of this is phase-locked chroma- 
reference generators in color television receivers. 

In digital systems the PLL can be used for a variety 
of synchronization functions. For example, two 
clocks can be phase locked to each other so that one 
can function as the backup for the other. Other pop- 
ular applications include locking to National Bureau 
of Standards' station WWVB to generate an inex- 
pensive laboratory frequency standard. 

signal conditioning 
By selecting the proper vco free-run frequency, 

the PLL can be made to lock to any number of sig- 
nals present at the input. The vco output tracks that 
frequency while attenuating the undesired frequen- 
cies of sidebands present at the input. If the loop 
bandwidth is sufficiently narrow, the signal-to-noise 
ratio at the vco is better than that at the input. 

a-m demodulation 
A-m demodulation can be achieved with a PLL by 

using the scheme shown in fig. 6. In this mode of 
operation the PLL functions as a synchronous a-m 
detector. The PLL locks onto the carrier of the a-m 
signal so the vco output has the same frequency as 
the carrier, but with no amplitude modulation. The 
vco will track the input but with a 90° phase shift; if 
the input is now sent through a 90° phase-shift net- 
work and fed into a multiplier, the output of the sec- 
ond multiplier will be directly proportional to the 
amplitude of the input signal. The PLL still exhibits 
the capture phenomenon; thus the loop maintains a 
high degree of selectivity centered about the free-run 
vco frequency. Since this method is essentially a 
coherent detection technique which involves the 
averaging of two companded signals, it offers a 
higher degree of noise immunity than a conventional 
peak-detector type a-m demodulator. 

fm modulation 
Since the PLL has a voltage-controlled oscillator, 

it's possible to inject a signal into the loop and cause 
the vco to change frequency. This signal can be in- 
jected at the lowpass filter or across the timing com- 
ponent; the per cent of modulation is controlled by 

4-1' OUTPUT 

fig. 6. Coherent a-rn detector circuit using a phase- 
locked loop. 



the amplitude of the injected signal - linearity is a 
function of the voltage-to-frequency transfer charac- 
teristics of the vco. 

PLL design considerations 
Many integrated circuits use phase-locked loops 

along with specialized circuitry to form specialized 
circuit functions. The versatility of these special sys- 
tems has been sacrificed for convenience and circuit 
optimization. Circuits such as the pA758 Stereo Mul- 
tiplex Decoder, TDA2541 Video l-F System, and 
others have built-in PLLs which have been optimized 

table 1. User's guide to phase-locked loop ICs. 

upper 
f req 

(MHz) 
30 
30 
30 
50 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

max 
lock 

range 
(%F, 
40% 
40% 
40% 
30 % 

120% 
120% 
14% 
14% 

N I A  
N I A  

f m 
distor- 

tion 

0.3% 
0.3% 
0.5% 

0.2% 
0.2% 
5%" 
5%" 
0.2% 
0.2% 

output 
swing 
f 5% 

deviation 
(volts p-p) 

1 
1 
1 

0.15 
0.15 
0.20 
0.20 

30%/V§ 
30%/V§ 

center 
frequency 
stability 

(ppmI0C) 

f 6 0 0  
f 6 0 0  
5600 
+ 200 
f 200 
+ 100 

35+60 
35+60 

+ 200 
+ 100 

A-rn and frn outputs are available, but are not opt~rnized for linear demodulation. 
t Input biased internally. 

5 Figure shown is vco gain in per cent dev~ation per volt. 

expected input frequency range. Since the loop's 
capture ability is a function of the difference between 
the incoming and free-running frequencies, the band 
edges of the capture range are always centered 
about the free-run frequency. Typically the lock 
range is also centered about the free-run frequency. 
By choosing a center frequency offset from the in- 
coming signal, the detection or tracking range of the 
loop is limited to one side. This permits rejection of 
an adjacent higher (or lower) frequency signal and 
still permits wideband operation (narrowband opera- 
tion reduces tracking speed). 

to perform best in those applications. But there are 
also PLLs which can be used as basic building 
blocks; these offer the most flexibility in circuit 
design. Signetics offers three basic classes of single- 
chip PLL circuits: the general purpose PLL, a PLL 
with an added multiplier, and the PLL tone decoder. 
National Semiconductor has a general-purpose PLL 
and a tone decoder. A more complete list of the PLLs 
available from various manufacturers is detailed in 
table 1. 

To obtain the optimum performance from a PLL 
circuit i t  is important that the user become familiar 
with the tradeoffs that can be made. To be more spe- 
cific, the following discussion will be directed at the 
560, 561, 562, 564, 565, 566, and 567 phase-locked 
loops. The tradeoffs and loop conditions, however, 
will hold true for all basic PLLs. Generally speaking, 
the user is free to select the frequency, tracking or 
lock range, capture range, and input amplitude. 

center frequency selection 

frequency 
driftlw 

supply 
voltage 
(%/V) 

0.3 
0.3 
0.3 

input 
resist- 
ance 

2kt 
2k t  
2kt 

5kt 
5kt 

20kt 
20kt 

a-m 
output 
avail 

no 

Yes 
no 

no 
no 

yes* 
yes* 

typical 
supply 
current 
(mA) 

9 
10 
12 

8 
8 
7 
6 
7 
7 

supply 
voltage 
range 
(volts) 

+16to +26 
+16to +26 
+16to +30 
+ 5 t o + l O  
+ 6 t o f 1 2  
f 6 t o  f 12 
+ 4.75 to + 9 
+4.75 to +9 
+12to +26 
+12to +16 

As was mentioned earlier, the loop uses a multipli- 
er in which the input signal is multiplied by a unity 
square wave at the vco frequency. The odd harmon- 
ics present in the square wave permit the loop to lock 
to input signals at these odd harmonics. Thus the 
center frequency may be set to 3 times or 5 times the 
input signal. The tracking range will, however, be 
considerably reduced as higher harmonics are used. 

It should also be noted that the PLL can lock onto 
the harmonic of the desired signal. If this is not ac- 
ceptable, steps must be taken (such as prefiltering) 
to prevent undesired lockup of the loop to harmoni- 
cally related signals. 

In evaluating the loop for a specific application, 
compute the magnitude of the expected signal com- 
ponent nearest f,. This magnitude can be used to 
estimate the lock and capture range. 

The PLLs are stabilized against center frequency 
drift due to power supply variations and the 565 and 
567 are temperature compensated over the full mili- 
tary temperature range ( -55  to 125OC). All of the 

Setting the center frequency is accomplished by loops are affected by external components which 
selecting one or two external components. This free- must have equal (or better) stability over the desired 
running frequency is usually set in the center of the operating temperature range. 



Two things limit the lock or tracking range of a 
PLL. First, any vco can only swing so far; if the input 
signal frequency goes beyond this limit, lock will be 
lost. Second, the voltage developed by the phase de- 
tector is proportional to the product of both the 
phase and the amplitude of the in-band component 
to which the loop is locked. If the signal amplitude 
decreases, the phase difference between the signal 
and the vco must increase to maintain the same out- 

the lowpass filter should have a high cutoff frequen- 
cy. However, a lowpass filter with a high cutoff fre- 
quency will attenuate the sum frequencies to a lesser 
extent so the output contains a significant and often 
bothersome signal at twice the input frequency. (Re- 
member that the multiplier forms both the sum and 
difference frequencies; during lock the difference fre- 
quency is zero, but the sum frequency at twice the 
locked frequency is still present.) If necessary, the 
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fig. 7. 10.7-MHz fm demodulator using an NE560 PLL IC. Design details are given in the text. 

put voltage and, hence, the same frequency devi- unwanted sum frequency component can be filtered 
ation. out with an external lowpass filter. 

It often happens with low input amplitudes that 
even the full + 90° phase range of the phase detector Capture range control 
cannot generate enough voltage to permit tracking 
over wide deviations. When this occurs, the effective 
lock range is reduced. Therefore, if the input signal is 
weak, you must give up some tracking capability and 
accept greater phase errors. Conversely, a strong in- 
put signal will allow you to use the entire vco swing 
capability and keep the vco phase (referred to the in- 
put signal) very close to 90° throughout the range. 

Note that tracking range does not depend on the 
lowpass filter. If a lowpass filter is in the loop, how- 
ever, it will have the effect of limiting the maximum 
rate at which tracking can occur. Obviously, the volt- 
age across the lowpass filter capacitor cannot 
change instantly, so lock may be lost when suffi- 
ciently large step changes occur. Between the con- 
stant frequency input and the step-change frequency 
input is some limiting frequency slew rate at which 
lock is just barely maintained. When tracking at this 
rate, the phase difference is at its limit of O0 to 180°. 

There are two main reasons for making the low- 
pass filter time constant large. First, a large time con- 
stant provides an increased memory effect in the 
loop so that it remains at or near the operating fre- 
quency during momentary fading or loss of signal. 
Second, the large time constant integrates the phase 
detector output so that increased immunity to noise 
and out-band signals is obtained. 

In addition to the lower tracking rates of large loop 
filters, other penalties must be paid for the benefits 
gained; the capture range is reduced and the capture 
transient becomes longer. Reduction of capture 
range occurs because the loop must use the magni- 
tude of the difference frequency component at the 
phase detector to drive the vco toward the input fre- 
quency. If the cutoff frequency of the lowpass filter 
is low, the difference component amplitude is re- 
duced and the loop cannot swing as far. Thus, cap- 
ture range is reduced. 

It can be seen that if the lowpass filter's cutoff fre- 
quency is low, the loop will be unable to track as fast choice of input level 
a-s when the lowpass filter's cutoff frequency is high- Whenever amplitude limiting of the in-band signal 
er. Thus, when maximum tracking rate is needed, occurs, whether in the loop input stages or prior to 



the input, the tracking (lock) and capture ranges 
become independent of signal amplitude. 

Better noise and out-band signal immunity is 
achieved when the input levels are below the limiting 
threshold since the input stage is in its linear region 
and the creation of cross-modulation components is 
reduced. Higher input levels will allow somewhat 
faster operation due to greater phase detector gain 
and will result in a lock range which becomes con- 
stant with amplitude as the phase detector gain 
becomes constant. Also, high input levels will result 
in a linear phase-versus-frequency characteristic. 

lock-up time and 
tracking speed control 

In tracking applications, lock-up time normally has 
little consequence, but occasions do arise when it is 
desirable to keep lock-up time short to minimize data 
loss when noise or extraneous signals drive the loop 
out of lock. Lock-up time is of great importance in 
tone decoder type applications. Tracking speed is im- 
portant if the loop is used to demodulate an fm sig- 
nal. Although tthe following discussion dwells largely 
on lock-up time, the same comments apply to track- 
ing speed. 

No simple expression is available which adequately 
describes the acquisition or lock-up time. This will be 
better appreciated after you have reviewed the fol- 
lowing factors which influence lock-up time: 

1. Input phase 

2. Lowpass filter characteristic 

3. Loop damping 

4. Deviation of input frequency from center 
frequency 

5. In-band input amplitude 

6. Out-of-band signals and noise 

7. Center frequency 
Fortunately, it is usually sufficient to know how to 
improve the lock-up time and what must be traded 
off to obtain faster lock-up. Suppose you have set up 
a loop or tone decoder and find that occasionally the 
lock-up transient is too long. Remember all the fac- 
tors that influence lock, what can be done to improve 

FREQUENCY - Hz 

fig. 8. Free-running oscillator frequency as a function of vco 
timing capacitance. 

so that a favorable phase relationship is guaranteed 
at t = 0. Usually, however, the incoming phase can- 
not be controlled. Using two TTLs with the voltage- 
controlled oscillators synchronized 90° apart reduces 
worst-case lock-up time by one-half because the in- 
put can never be more than 4 5 O  out of phase with 
one of the loops. 

2. Lowpass filter. The larger the time constant of 
the lowpass filter, the longer the lock-up time. You 
can reduce the lock-up time by decreasing the filter 
time constant, but in doing so you sacrifice some of 
the noise immunity and out-of-band signal rejection 
which caused you to use a larger filter in the first 
place. You must also accept a sum frequency (twice 
the vco frequency) component at the lowpass filter 
and greater phase jitter resulting from out-of-band 
signals and noise. In the case of the tone decoder 
(where control of the capture range is required since 
it specifies the device bandwidth) a lower value low- 
pass capacitor automatically increases bandwidth. 
You gain speed only at the expense of added band- 
width. 

the situation? 
3. Loop damping for a simple time constant low- 

1. Initial phase relationship between the incom- pass filter is: 
ing signal and the vco; this is the greatest single fac- 
tor influencing the lock time. If the initial phase is r= ;@ 
wrong, it first drives the vco frequency away from 
the input frequency so the vco frequency must walk Damping can be increased not only by reducing T, as 
back on the beat notes. The only way to overcome discussed above, but also by reducing the loop gain 
this variation is to send phase information all the time K,. By using the loop gain reduction to control band- 



with the reduced phase detector output (see 4 yc $ 1 Ic 1 A above). 

i$ 6. Out-band signals and noise. Low levels of ex- 
traneous signals and noise have very little effect on 
the lock-up time, neither improving or degrading it. 

@ @ 0 @ However, large levels may overdrive the loop input 

fig. 9. Typical flc lowpass filters. Approximate for- stage SO that limiting occurs, at which point the in- 
mulas describing their frequency response are band signal starts to be suppressed. The lower effec- 
presented in the text. tive input level can cause the lock-up time to in- 

crease, as discussed in 5 above. 

width or capture and lock range, you achieve better 
damping for narrow bandwidth operation. The penal- 
ty for this damping is that more phase detector out- 
put is required for a given deviation so that phase er- 
rors are greater and noise immunity is reduced. Also, 
more input drive may be required for a given devi- 
ation. 

4. Input frequency deviation from free-running 
frequency. Naturally, the further an applied input sig- 
nal is from the free-running frequency of the loop, 
the longer it will take the loop to reach that frequency 
because of the charging time of the lowpass filter 
capacitor. Usually, however, the effect of this fre- 
quency deviation is small compared to the variation 
resulting from the inital phase uncertainty. Where 
loop damping is very low, however, it may be pre- 
dominant. 

7. Center frequency. Since lock-up time can be 
described in terms of the number of cycles to lock, 
fastest lock-up is achieved at higher frequencies. 
Thus, whenever a system can be operated at a higher 
frequency, lock will typically be faster. Also, in sys- 
tems where different frequencies are being detected, 
on average the higher frequencies will be detected 
before the lower frequencies. Because of the wide 
variation due to initial phase, however, the reverse 
may be true for any single trial. 

In all of the above design considerations, it is im- 
portant to remember that the PLL is a dc loop. Any 
dc level change injected into the loop will affect its 
operation. The loop is also sensitive to temperature 
changes because most voltage-controlled oscillators 
have a temperature coefficient of around 600 
ppm/CO. The resistors and capacitors used in the fre- 

fig. 10. A-m detector for 455-kHz i-f using the NE561 PLL. 

5. In-band input amplitude. Since input ampli- quency determining network also have temperature 
tude is one factor in the phase detector gain K d ,  and coefficients which must be considered when design- 
since Kd is a factor in the loop gain K,, damping is ing circuits using the PLL. 
also a function of input amplitude. When the input 
amplitude is low, the lock-up time may be limited by design examples 
the rate at which the lowpass capacitor can charge Let's take a look at a practical design example 



using the NE560 PLL as a 10.7-MHz fm demodulator 
(see fig. 7). 

Supply voltage. Generally, the operating voltage is 
determined by the available power supply or the 
device data sheet. The manufacturers specify the 
VCC at which the device parameters were measured. 
This simplifies the Vcc selection since the device is 
tested at an optimum voltage; for the NE560 this 
voltage is 18 volts. Capacitor C1 is a decoupling ca- 
pacitor for the supply and should be located as close 
as possible to the Vcc pin of the IC. 

VCO free-run frequency. Since this is a 10.7-MHz 
detector, the approximate timing capacitance can be 
found on the data sheet graph. This graph (fig. 8) 
shows that the timing capacitor should be about 22 
pF. An approximate value for the timing capacitor 
can be found from: 

where Co is in pF and fo is in MHz. Using this formu- 
la, the capacitor is calculated to be about 28 pF. The 
design example uses a 22-pF capacitor in parallel 
with an 8-pF trim capacitor for fine tuning. 

Lowpass filter. The output of the phase detector is 
the sum and the difference of the input fm signal and 
the vco frequency. The loop filter must remove the 
sum component. Because the modulation on the in- 
coming signal contains the information desired, it is 
necessary to retain the difference frequency. In addi- 
tion, the attenuation of the high-frequency compo- 
nent increases the interference rejection characteris- 
tics. To maintain loop stability at all signal levels, the 
loop cannot cause more than 12 dB per octave 
rolloff. 

Fig. 9 shows several lowpass filter configurations. 
The circuits of figs. 9A and 9B can provide 6 dB per 
octave rolloff at the desired bandwidth frequency; re- 
sistor R, in 9C and 9D will break the response up at 
higher frequencies. R, is typically between 50 and 
200 ohms. Because of the complexities of the trans- 
fer functions, which many designers use to charac- 
terize these filters, it is usually easier to use approxi- 
mation formulas for the lowpass filter. For fig. 9A 
and 9B the formula is 

26.6 c=-C*F f 
where f is the desired cutoff frequency. The lowpass 
filters of fig. 9C and 9D can be approximated by 

At frequencies greater than 5 MHz, the filters of fig. 
9C and 9D will provide greater loop stability. 

NE560 PLL 

fig. 11. 10.7-MHz fm modulator using the NE560 PLL. 
Resistor RE provides f 10% variation of the center frequen- 
cy. For best waveform linearity resistors R4 and R5 should 
be equal; minimum value for R4 and R5 is 20k. 

Assuming that the desired frequency bandwidth of 
the demodulated signal is 15 kHz, the filter capacitor 
values (C2 and C3 in fig. 7) are 

or approximately 0.001 p 

Resistors R1 and R2 were selected to be between 50 
and 200 ohms; I used 150-ohm resistors. 

De-emphasis filter. Standard fm broadcast stations 
use a de-emphasis time constant of approximately 75 
microseconds. According to the NE560 data sheet, 
the internal resistance into pin 10 is 8k. The 3 dB roll- 
off frequency is given by 

where RD is 8000 
'jd' = 2 m D  

For a time constant of 75 microseconds 

In practice, we can use a 0.01 pF capacitor since the 
internal resistance has a f 20 per cent tolerance. 

Output. The output, pin 9, has a 15k dc load and ac 
coupled output. The detected output amplitude for 
75 kHz deviation, according to the data sheet, is 30 
mV minimum. The demodulated output is emitter 
coupled and requires a dc path to ground. 

Input level. The input level required for a constant 
tracking range is 2 mV. Also, the a-m rejection char- 



table2. Dedicated ICS which use phase-locked loops. control current). Since no information is taken from 

function part number manufacturer the lowpass filter, the filter capacitor, C2, is not criti- 
FSK modulator/ cal; the value is selected to maintain loop stability. I 
demodulator XU210 Exar used a 0.01 FF for C2 which worked quite well. 
CB synthesizer HCTR0340 Hughes Capacitors C8, C9, and resistor Rc form a post a-m 

MC15104 Motorola 
MM55104 National 
NE575 Signetics 
S P8920 

TV synthesizer NC6410 

Tone decoder N E567 
LM567 
XU567 

Stereo decoder aA758 
LM1310 
LM 1800 

VCO function generator NE566 
LM566 
1 1 C58C 
M C4024 

Plessey 
Nitron 
Signetics 
National 
Exar 

Signetics 
National 
National 

Signetics 
National 
Fairchild 
Motorola 

acteristic for high input signal levels is reduced for 
signals greater than 30 mV, so the input signal should 
be between 2 and 20 mV. 

synchronous a-m detector 
Because the NE561 has a multiplier incorporated 

on the chip, it is possible to accomplish synchronous 
a-m detection; fig. 10 shows the circuit. The vco 
tracks the input to the phase detector with a 90° 
phase shift. By shifting the input signal W0 the vco 
and the input become in phase. These signals are 
mixed in the multiplier - the output is the a-m signal 
(due to the amplitude difference of the input, the 
constant amplitude of the vco, and the W0 phase dif- 
ference). 

To accomplish this phase shift of the input, a sim- 
ple RC lag network is used. The values of R1, C3, R2, 
and C4 are calculated using the relationship 

R1 C3 = R2C4 = (assume R1= 12k) 
2go 

Thus C3 = C4 = 1 = 2 9 p F  
2 ~ 4 5 5 x 1 0 ~ ~ 1 2 ~ 1 0 ~  

(Use a standard value, 27 pF.1 

The timing capacitor is calculated as 

c ~ = ~ ~ ~ ~ F ( ~ ,  in MHz) 
f o  

C6= 660pF  (use a standard value, 680 pF) 

filter to eliminate carrier feedthrough; R3 is optional 
because that output is not used. 

frequency modulation 
Since the PLL IC contains a vco, frequency modu- 

lation is accomplished by summing a modulating sig- 
nal with the error signal or by changing the dc level to 
control the vco at the modulating rate. Referring to 
fig. 10, if the current into pin 6 becomes a variable 
current, the vco will change frequency at the modu- 
lated rate. The vco output is taken at pin 5. 

Another method of changing the frequency is to 
insert offset currents across the timing capacitor. To 
build a 10.7-MHz fm modulator, the circuit of fig. 7 
can be modified as shown in fig. 11. Note that the in- 
put is ac grounded and the vco output is taken from 
pin 5. Frequency deviation can be approximated by 
the formula given below. 

By incorporating a switching arrangement the circuit 
can be used as both an fm  demodulator and 
modulator. 

summary 
In addition to the basic PLL, many manufacturers 

have ICs for dedicated applications which incorpor- 
ate PLLs into the design. For example, the CA3089 is 
an fm i-f strip which contains all the functions of an 
i-f amplifier and audio detector. Because these parts 
are dedicated to a specific application, however, they 
lose flexibility. Table 2 is a partial list of parts which 
use PLLs in dedicated applications. This list is by no 
means complete, but is an indication of the various 
types of circuits which are presently available. 

In summary, the PLL is a versatile building block 
for use in frequency manipulating circuits. By careful 
design, an awareness of the PLL's limitations, and 
knowledge of the design tradeoffs, you will find them 
as easy to use as operational amplifiers. 
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Incredible.. . 

Incredible, that's the word people are using to SPECIFICATIONS 
describe the CF50 frequency counter. Why? Simple. Frequency range: 5 Hz to 65 mHz. 600 mHz with CT-600 
the CF50 is an achievement in design; exceptionally Resolution: 10 Hz @ 0.1 sec gate. 1 Hz @ 1 sec gate 
low in cost, compact, easy to use and unmatched in Readout: 8 digit. 0.4" high LED. direct readout in mHz 
performance and reliability. Accuracy: adjustable to 0.5 ppm 

Features of the CT-50 include; easy pushbutton Stability: 2.0 pprn over 10" to 40" C. temperature 
operation, fully automatic decimal point positioning. compensated 
quality shielded metal case, and dependable LSI Input: BNC, 1 megohm/20 pi  direct. 50 ohm with CT-600 
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repair age ranges is dependent upon the accuracy of the 
input voltage dividers in instruments of this type). 
Second, the DVM calibration voltages specified in the 
instruction book must be within 25 per cent of either 
100 millivolts or 1 volt; the voltage calibrator is 
designed to allow you to choose one of these two 
calibration voltages. And third, the dc input resis- 
tance of the DVM must be at least 10 megohms, 
although lower input resistances can be accommo- 
dated at the expense of accuracy. 

In addition to the voltage calibrator, an audio-fre- 
quency generator having a low output impedance is 

Bob Stein, W6NBI 
required. This generator must supply a voltage equal 
to the specified ac calibration voltage, at the frequen- 
cy specified by the manufacturer of the DVM. Other 
than that, the voltage calibrator is self-contained and 
self-calibrating. 

semi-precision 
circuit description 

voltage calibrator for The voltage calibrator circuit is shown in fig. 1. 

digital voltmeters 

If you are relying on your digital voltmeter for accu- 
rate voltage measurements, you may have a problem 
which you have never considered - how well is your 
voltmeter calibrated? The specifications for the in- 
strument tell you its guaranteed accuracy, and 
should also state the period of time that this accuracy 
will be maintained after calibration. Typically, the 
period is between three months and one year, 
depending on the manufacturer's tests or specman- 
ship. After that, you must accept the DVM's accura- 
cy on faith, or have it recalibrated. If you are 
fortunate enough to have access to a calibration- 
standards laboratory, recalibration is no problem. 
Otherwise, you must return the voltmeter to the 
manufacturer's service center at a cost of at least $20 
plus shipping, plus the inconvenience of being with- 
out it for several weeks. 

An alternative is to build the voltage calibrator 
described in this article. Although it will not permit 
the same degree of calibration accuracy which can 
be achieved with precision voltage standards, i t  will 
indicate whether or not your DVM requires recalibra- 
tion and will allow you to perform the calibration if 
you are willing to accept about 0.3 per cent accuracy 
on dc and 1 per cent on ac. 

Because of its simplicity, the calibrator has several 
limitations, all of which are based on the assumption 
that most digital voltmeters owned by hams are inex- 
pensive, 3-112-digit types. First of all, both the ac 
and dc calibration adjustments on the DVM must be 
made by a single control for each, on the lowest ac 
and dc voltage ranges (accuracy of the higher volt- 

Two LM308 op amps are used in a precision full- 
wave rectifier circuit to obtain an ac calibrating volt- 
age by substitution. A reference voltage source, to 
be described later, provides the dc calibrating voltage 
and a reference for the rectifier circuit. Either a 100.0- 
millivolt or a 1.000-volt reference voltage source is 
used, depending on the requirements of the DVM 
undergoing calibration. I t  can be seen that when 
switch S1 is in the DC CAL position, the reference 
voltage source is connected directly to the DVM, per- 
mitting calibration of the dc voltage range. 

Since the precision full-wave rectifier is dc coupled, 
it will respond to dc as well as ac; its output can 
therefore be calibrated from the reference voltage 
source. The ac signal from the audio generator is ad- 
justed to provide an equivalent dc output from the 
rectifier, which is measured using the DVM (already 
calibrated on its dc range). Since the ac input is now 
known in terms of the dc output from the rectifier, 
the DVM is connected directly to the audio generator 
and calibrated for ac voltage. 

Let's now examine the precision rectifier, de- 
scribed by Dobkin in reference 1, in more detail. 
LM308 op amps were selected because of their low 
input-bias currents, ensuring that the bias current 
supplied from the reference voltage source would 
not exceed 14 nanoamperes. When an ac voltage is 
applied to the inverting inputs of both op amps, U1 
functions as a half-wave rectifier and produces the 
output shown in fig. 28. The positive half-cycle of 
the input is inverted in the op amp and applied to the 
inverting input of U2 through CR1 and R6. The in- 
verted negative half-cycle of the input is clamped at 
approximately 0.7 volt by CR2, but is isolated from 
U2 by CR1. Therefore the output of U1 which 



reaches U2 is a true half-wave rectified version of the 
input, having the same peak amplitude, epk. 

To simplify the explanation, it is best to consider 
the two inputs to U2 separately. The output of U1 is 
applied to U2 through R6. Therefore the gain of U2 
for this input is established by the ratio (R7 + R8)/R6. 
If this gain is set at 2.222 by means of GAlN control 
R8, the output resulting from this input would be as 
shown in fig. 2C. Simultaneously, the original ac in- 
put is applied to U2 through R4, with the gain of U2 
for this input being determined by the ratio 
(R7 + R8)/R4. Since R4 is twice the value of R6, 
within the tolerances of 1 -per cent resistors, the gain 
becomes 1.1 1 1 for the same setting of R8; the resul- 
tant output is shown in fig. 2D. Waveforms C and D 
are summed (more rigorously, the input currents are 
summed), producing the actual output shown in fig. 
2E. Note that this is a full-wave rectified version of 
the ac input, but amplified by a factor of 1.11 1. The 
dc level at the output of the rectifier circuit is equal to 
the average value of the input signal times the gain of 
the circuit. Since the average value of a sine wave or 
a full-wave rectified sine wave is 0.6366 'times the 
peak value, the dc output becomes 0 . 6 3 6 6  x 
l . l l l e p k ,  or 0.707epk, which is the rms value of the 
ac input. 

SI  r- -- - -- - - - 
\ DC CAL 
r I I  1 & 1 

GAlN 

I REFERENCE I Accq I I k 

fig. 1. Schematic diagram of the semi-precision voltage 
calibrator. Switch S1 must be a nonshorting type rotary 
switch. The reference voltage source is shown in fig. 3. 

I ---I ----- '-----L ---- 2 222 a,...', 

I I l l  

I 

fig. 2. Waveforms of the precision full-wave rectifier circuit. 

Note that there are no coupling capacitors within 
the rectifier circuit, allowing it to operate as a dc am- 
plifier having a gain of 1.11 1. Therefore a known dc 
voltage, E, applied to the input will produce an out- 
put equal to 1 . l l l E .  It is this characteristic which 
permits ac calibration using a dc source. 

The input offset voltages of U1 and U2 are nulled 
by means of potentiometers R13 and R14, respec- 
tively, in order to establish zero output voltage for 
zero input. The entire circuit may be powered by two 
inexpensive 9-volt transistor batteries, or a dual-volt- 
age power supply can be used; total current drain is 
less than 2 milliamperes. 

The sequence of operation is as follows: The DVM 
is calibrated on its dc range, as described previously, 
when switch S1 is set to DC CAL. When S1 is set to 
NULL 1, the output of U1 is nulled by means of R13, 
and when S1 is set to NULL 2, the output of U2 is 
nulled with R14. In the GAIN position of S1, the dc 
reference voltage source is applied to the rectifier in- 
put and GAlN control R8 is adjusted for a dc output, 
indicated on the DVM, of 1 .I11 times the reference 
voltage. Next, S1 is switched to its AC SET position, 
which connects the external af generator to the input 
of the rectifier. The amplitude of the audio-generator 
signal is then adjusted to provide a dc reading on the 
DVM which is equal to the dc reference voltage; 



therefore the rms value of this ac signal is now equal 
to the dc reference. Finally, S1 is set to AC CAL, 
which connects the audio generator directly to the 
DVM. Changing the DVM function switch to A C  
VOLTS then permits calibration of its ac range. 

reference voltage source 
As you may have deduced from the discussion so 

far, the accuracy of the voltage calibrator is depend- 
ent upon the accuracy of the reference voltage 
source. Fortunately, the source utilizes an inexpen- 
sive and commonly available 1.35-volt mercury cell. 
Suitable types, the most expensive of which costs 
about $2, are listed below. All are 1.35-volt reference 
cells. Mercury cells are also made with a 1.4-volt 
emf; they are not usable in this application. 

Mallory Eveready Burgess 

RMl2R E12N HG12R 
RM401R E401N HG401R 
RMW2R EW2 HGW2R 
RM601R €601 HG601 R 

Although the battery voltage is specified to only 
two decimal places, it's been determined by a large 
equipment manufacturer that the terminal voltage of 
a new battery under about 0.1-milliampere load is 
within a millivolt or two of 1.354 millivolts. This value 
has been used as a basis for the reference voltage. 

Fig. 3A shows the circuit of the 100.0-millivolt 
source, and fig. 3B shows the 1.000-volt source. To 
establish a reference voltage with an accuracy of 
+ 0.2 per cent, it would be necessary to use selected 
or special values of 0.1 per cent resistors. To elimi- 
nate this obviously impractical requirement (for the 
average user), standard values of 1 per cent resistors 
have been specified. However, these must be bridged 
or measured on a calibrated digital ohmmeter which 
is accurate to within k0.1 per cent. Since it is the 
ratio of the two sections of the voltage divider across 
the battery, (rather than the absolute resistances) 
which determines the reference voltage, it is possible 
to calculate a value for resistor R when the values of 
R101 and R102 are accurately known. Selecting a 
standard 1 per cent value which is closest to the cal- 
culated value of R will always result in a divider with- 
in the required accuracy." 

For example, assume that you have borrowed a 
Wheatstone bridge and have determined that the 
values of R101 and R102 for a 100.0-millivolt source 
are 9984.7 and 803.5 ohms, respectively. From 
fig. 3A, 

'Refer to the end of this article for a source of these resistors 

Also from fig. 3A, 

R = 87 637 ohms 

The nearest standard 1 per cent resistance value is 
86.6k ohms, which is then connected in parallel with 
R102. If you recalculate Rp using the limiting values 
of an 86.6k, 1 per cent resistor (;.en, 85 734 and 
87 466 ohms), and then calculate the ratios of 
RIOI/Rp, you will find that they are well within 0.1 
per cent of 12.540. This holds true for any value of R 
required for the ranges of R101 and R102. 

To simplify the selection of a value for R, Rp has 
been plotted against the resistance of R101 in fig. 4 
for both the 100.0-millivolt and 1.000-volt reference 
voltage sources. If the measured value of R102 is 
within 0.1 per cent of Rp, R will not be required. If 
the value of R102 is higher than Rp, R can be 
selected as described above. If R102 has a measured 
resistance less than Rp, i t  cannot be used, 
necessitating a change in either R101 or R102. 

When the voltage calibrator is in use, either the 
DVM or the precision rectifier input is connected in 
parallel with the bottom section of the voltage 
divider. The effect of this on the 100.0-millivolt 
source is negligible because of the low value of Rp. 
However, the effect on the 1.000-volt source cannot 
be disregarded because of the relatively high value of 
R101 in that circuit. Thus the equation for the selec- 
tion of Rp in fig. 3B, as well as the graphical repre- 
sentation in fig. 4, has taken into account the shunt- 
ing effect of a typical 10-megohm DVM input 
resistance. 

The equivalent input resistance of the precision 
rectifier circuit (including the effect of the op amps' 
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fig. 3. Reference voltage sources for use with the voltage 
calibrator. In each circuit, R is selected so that it, in parallel 
with R102, will satisfy the equations shown next to each cir- 
cuit, within k0.2 per cent. R,  in circuit B is the input 
resistance of the DVM. Refer to the text for suitable battery 
types. 



input-bias currents) will be between 5 and 65 meg- 
ohms, depending on the individual devices which are 
used. When connected to the reference voltage 
source, the input voltage to the rectifier circuit will 
differ from that applied to the DVM by less than 0.1 
per cent, which is insignificant compared to the 1 per 
cent accuracy of the precision rectifier. 

Little need be said about building the voltage cali- 
brator. The parts layout and arrangement are not at 
all critical, allowing any type of construction to be 
used. Point-to-point wiring on perf or copper-clad 
board will suffice, as will a printed-circuit board. 

It is recommended that potentiometers R13 and 
R14 be multiturn types, because the nulling adjust- 
ments are critical. Since the calibrator will be used in- 
frequently, these controls as well as GAlN potentiom- 
eter R 8  can be multiturn, screwdriver-adjust trimmer 
pots. 

One precaution - do not solder the mercury cell 
into the circuit. Rather, buy or build a suitable holder. 
A fresh battery should always be used for calibration; 
the battery must be easily replaceable. 

DVM calibration 
Connect the DVM to be calibrated to the DVM ter- 

minals of the voltage calibrator, and set it to the ap- 
propriate dc range. Connect an audio-frequency gen- 
erator to the AF GEN terminals of the calibrator, with 
the generator output turned down to zero. Apply +9 
and - 9 volts dc to the calibrator, and allow the cali- 
brator and DVM to warm up for at least 15 minutes. 

The complete calibration procedure is as follows. 
The numerical values given in each step are based on 
using the 100.0-millivolt reference; equivalent values 
for the 1.000-volt reference are in parentheses. 

fig. 4. Values of Rp plotted against the measured resistance 
of R101, from the formulas given in fig. 3. R102 must be 
equal to or greater than Rp, as explained in the text. 

1. Set S1 to DC CAL and adjust the DVM dc calibra- 
tion control for a reading of 100.0 millivolts (1.000 
volt). 

2. Set S1 to NULL 1 and adjust NULL 1 potentiom- 
eter R13 for a reading on the DVM as close to zero as 
possible. 

3. Set S1 to NULL 2 and adjust NULL 2 potentiom- 
eter R14 for a reading on the DVM as close as possi- 
ble to zero. 

4. Repeat steps 2 and 3; the nulls should be within 
0.1 millivolt (1 millivolt) of zero. 

5. Set S1 to GAlN and adjust GAlN control R8 for a 
reading of 11 1.1 millivolts (1.11 1 volts) on the DVM. 

6. Set S1 to AC SET and adjust the af generator 
output for a reading of exactly 100.0 millivolts (1.000 
volt) on the DVM. Note that the DVM is still set to 
read dc voltage. 

7 .  Set the DVM to read ac volts and set S1 to AC 
CAL. Adjust the DVM ac calibration control for a 
reading of 100.0 millivolts (1.000 volt). 

The DVM is now calibrated within normally accept- 
able standards for most amateur work. As the title of 
this article indicates, the calibrator is only a semi-pre- 
cision substitute for a voltage calibration standard. 
But for most ham and experimental applications, its 
accuracy should suffice. 

source of precision resistors 
Precision resistors for the voltage calibrator can be 

supplied by Melvin Sales Company, Post Office Box 
5283, San Mateo, California 94402. The following 
sets will be made available: 

postpaid cost, postpaid cost via 
description USA 8 Canada air, other countries 

Matched set ( f 0.2%) of 
voltage-divider resistors 
for 100.0-rnV source $2.50 $3.00 
Matched set ( f 0.2%) of 
voltage-divider resistors 
for 1.000-V source 2.50 3.00 
Set of five 1 % resistors 
for precision rectifier 1.50 2.00 

'Set of five resistors 
(nominally 100, l k ,  10k. 
100k, and 1M ohms) in- 
dividually calibrated to 
f 0 . 1  % fo r  use as 
resistance standards 4.00 4 .50 

"Not required for voltage calibration, but are suitable for checking or ad- 
justing resistance ranges of a digital volt-ohmmeter. 

reference 
1. Robert C. Dobkin, "Precision AC/DC Converters," Linear Brief LB-8, 
National Semiconductor Corporation, Santa Clara, California 95051, 
August, 1969. 
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multiband 
J Antenna 

Construction of a 
novel multiband J antenna 

for home or mobile use 
called the "J on a J" 

Need a tri-band, vertical vhf antenna? Does your 
car look like an excited porcupine? Do you have a 30- 
meter tower and want omnidirectional coverage from 
a single antenna structure for all the repeater bands 
without the nulling effects of side mounting? The an- 
tenna system described here can be made for 10, 6, 
and 2 meters, 220 and 450 MHz, or all five bands. An- 
tennas for the higher frequencies, 144, 220, and 450 
MHz, can also be mounted as a single antenna struc- 
ture on a plastic car (the antennas don't require a 
ground plane). Interested? Read on. 

J antennas 
The J antenna has been around a long time. It is 

primarily a ham antenna, never having gained accep- 
tance in the commercial world, although it has been 
sporadically manufactured by several companies. 
The J antenna is a half-wavelength radiator mounted 
vertically and end-fed with a quarter-wavelength res- 
onant transmission line (basically an end-fed Zep). Its 
angle of radiation and gain are the same as a half- 
wavelength antenna; electrically it is similar to the 
coaxial or sleeve antenna. The horizontal radiation 

pattern of the J antenna is almost a perfect circle, 
even when mounted on a metal roof of a car, 
because it doesn't require a ground plane and can be 
mounted well above the vehicle's roof. 

The J antenna is fed at the appropriate point on 
the quarter-wavelength resonant line portion of the 
antenna (see fig. 1). Since the impedance on a reso- 
nant quarter-wavelength line goes from zero at the 
shorted end to infinite at the open end, it's possible 
to provide a good match to almost any transmission 
line. For best isolation from the supporting mast, 
however, it's necessary to feed the antenna with a 
balanced feedline; if you use coax, this requires a 
balun. If a balun is too much bother, the antenna can 
be fed directly with coax at the proper impedance 
matching point. In this case there will be some inter- 
action between the antenna and the mast. 

multibanding 
After noting that the J antenna doesn't care 

what's below the shorting block at the bottom of the 
quarter-wave section, and it doesn't care about the 
diameter of the radiator (within reason), I concluded 
that a 450-MHz J antenna could be located on top of 
a 144 MHz J as shown in fig. 2. Chris Bushman, 
WBGEEQ, took me seriously and built just such a sys- 
tem. That was two years ago and it's still working 
very well. 

Expanding this concept to include other bands 
would give you a single antenna structure, to install 
in that critical spot on the top of your tower, that in- 

By Bob Thornburg, WBGJPI, 13135 Ventura 
Boulevard, Studio City, California 91604 



cludes 10 meters, 6 meters, 2 meters, 220 MHz, and the quarter-wave 200-ohm point is an arbitrary length 
450 MHz. Dimensions are given in table 1 for all of TV twinlead. Other forms of feedline can also 
these although only a 144-220-450 mobile version has be used. 
actually been built and tested by WAGVSK. The 50-ohm coax may be directly fed to the stub at 

the appropriate 50-ohm point with the shield tied to 
design 

The design of the J antenna is very simple. The 
length of the quarter-wavelength matching section is 
given by 

1134 L = (em) = - 2880 (inches) 
~ M H Z  ~ M H Z  

The half-wavelength radiator is approximately twice 
this length or 

2181 L = (em) = --- 5540 (inches) 
~ M H Z  ~ M H Z  

The spacing between the mast portion of the quar- 
ter-wave section and the quarter-wavelength rod is 
not critical as long as the two are parallel. 

construction 
A mobile 144-220-450 MHz J antenna can be easily 

built from a CB whip. A base station vhf/uhf J that 
includes 10 and 6 meters should be built with alumi- 
num tubing. Since the antenna should not be insu- 
lated, a push-up mast would work well for the 10 
meter and up antenna. 

The mobile J antenna is made from an ordinary CB 
whip. For strength cut 60 cm (2 feet) from the top of 
the antenna and use this piece for the 144-MHz stub. 
The shorting blocks are aluminum stock drilled as 
shown in fig. 3. The spacers to maintain the stub 
spacing for 144 and 220 MHz are made from plexi- 
glass, drilled the same as the corresponding shorting 
block. No plexiglass spacer is needed for the 450- 
MHz section. Cut the quarter-wavelength stubs 

FEED 

fig. 1. Basic J antenna consists of a half-wavelength vertical 
radiator and quarter-wavelength matching section. The bal- 
anced feedpoint (use balun with coax feedline) is moved 
along the quarter-wave section until a match is obtained. 
Unbalanced feed may also be used, as described in the text. 
The base of the antenna [shorting bar) may be grounded. 

the opposite side. The stub could also be insulated 
from the shorting block and fed like a quarter-wave 
antenna (which it isn't). In general, the J antenna is 
relatively tolerant of the actual feedpoint or tech- 
nique. 

table 1. Construction dimensions for the half-wavelength J antenna. 

frequency 
(MHz) 

29.0 
52.5 

147.0 
223.5 
440.0 

29.0 
52.5 

147.0 
223.5 
440.0 

6 

2.51 rn 
1.38m 

49.5 crn 
32.1 crn 
16.5 cm 

98.75" 
54.50" 
19.50" 
12.63" 
6.50" 

C 

15 cm 
10 cm 
5 crn 

3.8 cm 
2.5 crn 

6" 
4" 
2" 

1.5" 
1 .or' 

D 

31.8 crn 
19.1 crn 
6.4 cm 
4.1 cm 
2.1 cm 

12.5" 
7.5" 
2.5" 
1 .63" 
0.83'' 

F 

3.42 m 
1.89 rn 

67.3 crn 
44.1 crn 
22.4 crn 

134.5" 
74.25" 
26.50" 
17.38" 
8.83" 

about 8-10 cm (3-4 inches) longer than necessary to The feedlines for the higher-frequency antennas 
allow tuning and as a convenient place to store the actually become part of the lower-frequency antenna 
balun (under the shorting block). system. For this reason they must be tied closely to 

The balun is simply a half-wavelength section of the main antenna pole. This provides capacitative 
%-ohm coaxial cable as shown in fig. 4. The feed to coupling through the coax jacket and ensures that 



the outer shield electrically follows the fields on the DIAMETER AS STAINLESS STEEL 
REOUIRED SET SCREWS 

main antenna; for all practical purposes it becomes 
part of that structure. 

tuning 
As noted previously, the specific location of the 

feedpoints is not too critical. However, the length of 
the stub is very critical and by adjusting the stub 

PLEXIGLASS 
INSULATING 
BLOCK 

fig. 2. Multiband J antennas for 146 and 450 MHz, A, and for 
146,223, and 450 MHz. B. Antennas built by the author were 
fed with separate coaxial feedlines and baluns. 

length, nearly any antenna length or feedpoint can 
be matched. The recommended procedure is to fully 
assemble the antenna, connect an rf source to the 
highest frequency coax, and adjust the appropriate 
stub for minimum vswr. If the vswr at the edge of the 
band is less than 2:l (and more-or-less symmetrical) 
move on to the next highest frequencylcoax and 
tune the stub. After adjustment is completed, re- 
check the lower frequency antenna because there is 
some interaction. 

fig. 3. Layout of the aluminum shorting bars and plexiglass 
spacers. Dimensions C and E are given in table 1. 

If the bandwidth is too narrow for your application, 
load the tuned section more by moving the feedpoint 
toward the antenna portion. The 2:l swr bandwidth 
should be at least 10 MHz at 450 MHz, 4 MHz at 220 
MHz, and 3 MHz at 144 MHz. 

operation 
The original design of the multiband J antenna 

was intended to allow operation on one band at a 
time, with the unused coax connectors left open. 
There is a reasonable amount of coupling between 
the sections so that if you are transmitting on 144 
MHz, for example, some of this energy will be re- 
ceived by the 450-MHz antenna. Measurements have 
shown this coupled power to be 15-20 dB down, but 
that's still sufficient to damage a sensitive receiver 
frontend. 

I don't recommend you try two-band duplex oper- 
ation with this antenna system, although with the ex- 
cellent preselectors in the Motorola Motrac, it has 
been done on 450 MHz and 146 MHz without 
damage. 

ham radio 

d 
50 OHMS 

fig. 4. Construction of the half-wavelength coaxial balun. 
Length F is given in table 1. 
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Colpitts 
design technique 

Concise, accurate 
design technique 

for Colpitts o.scillators 
eliminates the need 
for empirical design 

Almost  everyone interested in radio communica- 
tions has at one time been confronted with the need 
for a high-frequency oscillator. Unfortunately, little 
information is available to help those individuals 
design their own oscillator circuits. This article 
describes a technique for the design of a Colpitts 
oscillator which is applicable to both crystal and LC 
oscillators. The technique to be described is simple, 
and yet has been proven to be more effective than 
empirical solutions. Basic oscillator design at the 
lower frequencies is covered in many textbooks and, 
therefore, will not be described in detail. 

Although this article will deal exclusively with the 
Siliconix U310, the design equations are also appli- 
cable to bipolar transistors. For reasons to be men- 

oscillator 
tioned later, bipolar transistors are not as desirable in 
some applications. Subjects such as oscillator noise 
and stability are covered elsewhere and will not be 
described in detail here. More specifically, what will 
be dealt with is what it takes to get the oscillator to 
start oscillating. The technique offered is simple 
enough so that you need not know how oscillators 
oscillate. Since scientific calculators are now selling 
for less than fifty dollars, it is justifiable to do away 
with some of the old "rule-of-thumb" solutions. 

basic assumptions 
The Colpitts oscillator is perhaps most commonly 

seen in the configuration shown in fig. 1. To simplify 
the analysis, those components necessary for dc 
operation have been omitted (fig. 2). To.further sim- 
plify the ac analysis, the oscillator is redrawn in the 
configuration shown in fig. 3. This is the general 
form of a common-gate amplifier, with a feedback 
capacitor, C1, between the input and the output. 
The amplifier is considered with no signal applied 
from an external source; the input is shunted only by 
C2 and the source-bias resistor. Note that if the capa- 
citors were replaced with inductors and vice versa, 
the circuit would be the common Hartley oscillator. 
An analysis is somewhat easier with the circuit in fig. 
3 since it now appears as a resonant tank circuit with 
an amplifier connected to it. However, one more cir- 
cuit element needs to be added: the load resistance, 
RL. This is the element which will accept power from 

By Larry Leighton, WBGBPI, Siliconix Incor- 
porated, 2201 Laurelwood Road, Santa Clara, 
California 95054 



the oscillator. For this circuit to oscillate, all that's 
necessary is enough energy be tapped from the tank 
circuit, amplified, and routed back to the tank circuit 
to compensate for the energy absorbed by RL. 

The first step is to determine what output power is 
required. This, of course, depends upon the applica- 
tion, but in most cases it will be relatively low, partic- 
ularly when frequency stability is of prime impor- 
tance. Crystal oscillators generally have relatively low 
output levels, mainly to prevent the crystal from frac- 
turing. In one case, a crystal ordered from a promi- 
nent manufacturer had a rated power dissipation of 
one milliwatt. To obtain more power from an oscil- 
lator with a fixed-supply voltage, a lower load imped- 
ance is required. If a lower load impedance is applied, 
however, either the gain of the transistor has to be 
increased, or feedback has to be increased to main- 
tain oscillation. Since the crystal is in series with the 
feedback signal, care must be taken when consider- 
ing how much output power you can expect from the 
oscillator. 

Another consideration regarding output power is 
that inductors and capacitors do consume some 
power. They always have some associated series 
resistance which can be minimized by using higher- 
quality components. When rf current passes through 
these components, heat is generated from the power 
dissipated across the resistance. This heat causes a 
change in the values of the inductor or capacitor and, 
hence, a change in frequency. The effects of these 
changes and the changes associated with various 
components are covered in reference 1. 

The transistor also has power-limiting characteris- 
tics. From turn-on of the oscillator, until a steady- 
state condition has been reached, the transistor 
parameters will change. The amount of change must 

fig. 2. Ac model of the common-gate Colpitts 
oscillator shown in fig. 1. For analysis, the dc 
components have been eliminated. 

generally be determined empirically, but can be mini- 
mized by operating the transistor at relatively low 
power, limiting output from the oscillator. 

In this article, the Siliconix U310 jfet is character- 
ized at 9 volts drain-to-gate voltage and 2 mA of 
drain current in the common-gate configuration. This 
is thought to be a fair compromise between output 
power and parameter changes. Consider a class-A 
oscillator in which the drain current does not appreci- 
ably change from the oscillating to not-oscillating 
condition. If optimized, it will be less than 50 per cent 
efficient, with a maximum output power of 9 milli- 
watts (9 V.2 mA12). Oscillator design almost always 
requires some compromises, so there is nothing 
binding regarding the 9 volt, 2 mA operating point; it 
can be changed to meet the needs of your appli- 
cation. 

oscillator design 
The first step to consider in oscillator design is the 

required output power; the second is to determine 
the load resistance necessary to obtain the required 
output. The load the oscillator requires is almost 
always different than the amplifier, buffer, or mixer it 
must drive. Initially, only the oscillator load will be 
considered. 

Only class-A oscillators will be discussed in this 
article because the transistor parameter changes are 
more easily defined. If the supply voltage and drain 
current are known, the solution for the load 
resistance, RL, is 

RL = (VDS - V D ~ ( s a t ) ) ~  
2 pout 

fig. 1. Schematic diagram of a basic cornrnon- 
gate Colpitts oscillator. VDs(sat) can be obtained from the data sheet; in this 



case it is 2 volts. Earlier it was determined that 9 milli- 
watts would be a desirable output. Given the operat- 
ing point of 9 volts: 

R L =  f9- 2)2 = 2722 ohms 2(. 009) 

Since VDS($,,) is only an approximation, rounding RL 
to 2700 ohms for use in the following calculations is 
justified. 

fig. 3. To further simplify analysis of the oscillator, 
this diagram shows the circuit redrawn into the 
general form of a common-gate amplifier. 

The third item to consider is transistor selection. 
The Siliconix U310 has been demonstrated to oper- 
ate as an oscillator up to 900 MHz.2 It has an advan- 
tage over more commonly available vhf and uhf jfets 
because of its high zero-bias drain current and g, 
(forward transconductance). This means that the 
U310 has potentially higher output power and more 
stable characteristics when operated at a lower-drain 
current. Another distinct advantage of the U310 is 
that the gate lead, and in this case, the intrinsic bulk 
of the transistor, is connected to the metal case of 
the transistor package. Therefore, the U310 can be 
used with a heatsink, minimizing the change in tran- 
sistor parameters. Although not recommended by 
the factory, an alternative heatsink method is to 
solder the U310's case to the chassis. This is conven- 
ient only when used in the common-gate configura- 
tion (be careful when soldering, as the U310 can be 
destroyed by overheating). 

Perhaps the most critical parameter in amplifier 
design is the gain stability factor of the transistor 
itself.3 The Siliconix U310, when operated in the 
common-gate configuration at 20 volts and 10 mA, is 
unconditionally stable at almost all frequencies. In 
fact, when loaded with practical, somewhat lossy 
external components, the U310 could be considered 
unconditionally stable at all frequencies. Uncondi- 
tional stability, by definition, means the transistor will 
not oscillate when presented with any positive real 
source or load impedance; stability, therefore, is a 
measure of the transistor's ability to oscillate. 

It is desirable that the stability factor of the transis- 
tor is such that it will not oscillate. This may seem 

contradictory to the design goal, but is used to em- 
phasize that the source of feedback necessary to sus- 
tain oscillation should be the option of the designer 
and not the transistor. In the common-gate configur- 
ation, the U310 has been optimized to the point 
where the intrinsic feedback elements of the tran- 
sistor are so small that the values of feedback neces- 
sary to make the U310 oscillate are the choice of the 
designer. 

Most rf bipolar transistors, in the equivalent com- 
mon-base configuration, are only conditionally stable 
and tend to be so at many frequencies. Special pre- 
cautions must be taken to insure oscillation at only 
the desired frequencies. This requires more compo- 
nents, which increases cost and decreases reliability. 
Also, very few bipolars, designed for the common- 
base configuration, are available. 

The next item to consider is the operating or load- 
ed Q (a) of the resonant tank circuit. The value 
chosen for is very much dependent upon the 
application. In addition, there are upper and lower re- 
strictions on &. In an attempt to make % low, the 
transistor's reactive components would assume a 
higher percentage of the total circuit values. This is 
undesirable in many applications since stability 
would be sacrificed as the transistor parameters 
change with temperature. Additionally, the harmonic 
content of the output increases as decreases. 
There are many applications where QL should be 
very high. One example would be when a low-noise 
oscillator is required to drive a sensitive mixer or 
product detector. 

The upper limit for f& is established by the unload- 
ed Q (&) of the inductor and how critical the tuning 
adjustment can be; this is particularly true for crystal 
oscillators. 

fig. 4. A common-source oscillator shown 
as an ac model. 

At very high frequencies, the & of the capacitor 
must also be considered, especially when using 
capacitors generally designed for use at lower fre- 
quencies. While is used as a starting point for cal- 
culations, the final value of will be different than 
the initial assigned value. In general, the small 
change will not affect circuit performance. 
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The 4, of a reactive element is determined by the 
intrinsic resistive element. In circuits where higher- 
quality capacitors are used, this resistance generally 
can be disregarded. Inductors, however, with only a 
few exceptions, must always be considered as hav- 
ing some associated resistance. The unloaded Q is 
defined as: 

where Rs is the series resistance of the inductor, and 
X L  is the inductive reactance at the operating fre- 
quency f,. Q, can be measured, but in those 
instances where it can't, assuming a 4, between 150 
to 250 is safe, if standard inductor winding tech- 
niques are used. 

In those cases where a QL of 10 or greater is 
chosen, it is beneficial to include Q, in the calcula- 
tions necessary to determine total RL, since the cir- 
cuit performance will be altered. When time permits, 
it is advisable to include Q, for all designs. The 
effects of & can best be emphasized by the 
following: 

Insertion loss = 20 loglo [ I  - % (w] 

For a &. of 10 and a 4, of 100, the insertion loss 
would equal 0.92 dB. This means that 0.92 dB of the 
total power is dissipated across the inductor rather 
than delivered to RL. A side effect is that as 4, gets 
smaller, the change in frequency from initial turn-on 
increases because the power dissipated across the 
inductor causes it to change reactance. This is 
especially true in those cases where a ferrite core is 
used for tuning.' Many of the commercially-available 
inductors, particularly the smaller molded variety, are 
not designed for use in frequency-determining appli- 
cations where stability is of concern. The 4, of many 
of the smaller molded inductors is as low as 50, 
which means with a QL = 10, the insertion loss of the 
inductor is 1.94 dB. The point to keep in mind is that 
wherever frequency stability is the prime considera- 
tion, Q, is very important, even though its effects 
may have to be determined empirically. 

y parameters 
This design technique will use what is commonly 

referred to as admittance, or y parameters. The oscil- 
lator designs presented here require the use of 
algebra and trigonometry with the y parameters. 
Review material can be found in any of the standard 
references.4.5 

One item which should be understood concerning 
y parameters is their relationship to ohms and reac- 

tance. Resistance is a measure of the opposition to 
current flow. Its counterpart in terms of admittance 
is conductance, which is a measure of the accepta- 
bility to current flow. They are simply related; one 
thousand ohms is equal to 111000 mho (the mho is 
designated as the siemens). 

Reactance is a measure of the opposition to 
changing current flow and its counterpart in terms of 
admittance is susceptance; these are also similarly 
related: 1000 ohms reactance is equal to 111000 sie- 
mens of susceptance. Just as inductors and capaci- 
tors have different signs attached to them in terms of 
reactance, they also have different signs in terms of 
susceptance. 

Inductors in terms of susceptance have negative 
signs placed in front of them and capacitors have 
plus signs in front of them. Therefore, a capacitive 
reactance of 1000 ohms is equal to + 111000 sie- 
mens, and an inductive reactance of 1000 ohms is 
equal to - 11 1000 siemens. Another simple relation- 
ship is that 1000 ohms equals 1 millisiemens or mS, 
(1 000 ohms = 1 /I 000 siemens = 0.001 siemens = 1 
millisiemens). This article will use the term millisie- 
mens or mS often so it is important to be familiar 
with the relationships. The relationships previously 
described regarding reactance and susceptance are 
correct and usable as relates to this article. 

Referring to figs. 3 and 4, the oscillator designs 
will determine the component values necessary to 
start the initial oscillations. For oscillations to start, 
the ac resistance measured at the junction of C1, L1, 
RL, and the drain of 01 must be infinite.5 But, in 
terms of conductance, it would be zero. Therefore, 
the conditions necessary to start oscillations are: 

where 
yt = terminal conductance (junction of C1, 

L1, RL, and the drain of Ql)  
yzz = output admittance of the circuit 
yzI = forward transconductance of the 

circuit 
y12 = reverse transconductance of the circuit 
yl l  = input admittance of the circuit 

These parameters also include the y parameter data 
of the transistors, which in most cases are available 
from their data sheets. The parameters might be 
listed as shown in table 1. 

Listed below are the equations which relate com- 
mon source, gate, and drain parameters to each 
other. These equations also relate to bipolar tran- 
sistors, except the source becomes the emitter, the 
gate becomes the base, and the drain becomes the 
collector. To convert common-gate parameters to 
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common-source parameters: 

Y22s = gog * bog 

where the non-subscript g represents conductance 
and the non-subscript b represents susceptance. To 
convert from common source to common gate, 
exchanges and g subscript values. That is 

y21g = - k f s  +goJ *j(bfs + bod] 

From this point on, unless stated otherwise, all 
numerical terms will be in millisiemens (mS); instead 
of using the term 1000 ohms or 111000 siemens, 1 
mS will be used. Further, in many cases the mS will 
be implied and, therefore, just the number with its 
sign will be used. If no sign is given, it is assumed to 
be positive. As an example: yll = + 7.66 x 10-3 
siemens + j  1.59 x 10- 3 siemens will be shown as 
yll = 7.66 + j  1.59, where the first term is the con- 
ductance and the second term the susceptance. 

common source design 
This design example will use the common-source 

oscillator shown in fig. 4. Earlier calculations for the 
common-gate oscillator determined the RL to be 
2700 ohms, which will also be used in the common- 
source example in addition to an fo of 100 MHz. A & 
of 10 has been selected since it yields practical com- 
ponent values. Referring to fig. 5, 

therefore, XLI equals 270 ohms or - 3.7 mS. At 100 
MHz, this is an inductance of 430 nH, or approxi- 
mately 10 turns of no. 22 AWG (0.6 mm) enameled 
wire wound on a 6.5 mm (114-inch) drill bit. An ac- 
tual inductor was wound and found to be 422 nH for 
an XLI of 265 ohms. The number used for the calcu- 
lations is therefore -3.77 mS. The Q, of the in- 
ductor was measured to be 188, so the resistance in 
shuntwith theinductor is equal to0.02mS, [(XL)(&) 
= R p  (265)(188) = 5Ok ohms or 0.02 mS1. The induc- 
tive susceptance ( bL) and conductance (gL)  can be 
added to the transistor's y parameters in the follow- 
ing manner: 

The 100 MHz y parameters, from table 1, for the 
Siliconix U310 are: 

ylls= - 0.919+j3.34 

~ ~ ~ ~ = 8 . 5 - j 1 . 8  

y1zS= - 0.0455-j1 .13 

0 .129+jI .18 

Adding the inductive susceptance (bL = - 3.77) and 
shunt conductance (gL = 0.02) yields: 

yl1= [(- 0.919+ 0.02)l f j[(3.34)+ (- 3.77)1 

~ 2 1 = [ ( 8 . 5 ) -  (O.O2)1kj[(- 1.8)- (- 3.77)l 

y1.2 = [(- 0.0455) - (0.02)]+ j [ ( -  1.13) - (- 3.77)] 

y22 = [(O. 129+ 0.02)l &j[( l .18)+ (- 3.77)l 

or 
yl1= -0 .0899-j0 .435 

yZ1 = 8.48+j1.97 

y12 = - 0.0655 + j  2.64 

yZ2= 0.149-j2 .59 

Any slight discrepancies noted can be attributed to 
round-off errors. All of these calculations were done 
with an HP67 programmable calculator with auto- 
matic rounding. 

table 1. y-parameter listing for the Siliconix U310 operated at 9 volts 
and 2 mA. The unit, in all cases, is mS. 

common gate common source 

yll = yi, input admittance yll = y, input admittance 
y,, = yfg forward transconductance y21 = yfs forward transconductance 
yIZ = y,, reverse transconductance y,2 = y, reverse transconductance 
yu = yo, output admittance yu = y, output admittance 

common gate 
freq. 

(MHz1 Y11 Yzl YIZ YP 

100 7.66 + j  1.59 -8.62+j0.615 - 0.0831 - j0.0512 0.129+j 1.18 
125 8.75 + j 1.92 - 8.56 + j 0.824 - 0.0914- j 0.0714 0.1 11 + j 1.49 
150 8.98 +j2.34 -8.47+ j0.816 -0.0797- jO.0861 0.129+j 1.81 
175 9.06 +j2.80 -8.55+j0.646 -0.0669-j0.0972 0.126+j2.13 
200 9.07 + j  3.24 -8.84- j0.112 -0.0602-j0.119 0.124+j2.42 

common source 
f req. 

(MHz)  Y i  i Yzi YIZ YP 
100 -0.919+j3.34 8.50-j 1.8 -0.0455-j 1.13 0.129+~1.18 
125 0.209+j 4.16 8.45- j 2.31 -0.0197-j 1.41 0.111 + j  1.49 
150 0.563+j4.88 8.34-j2.62 -0.0490- j 1.72 0.129+j 1.81 
175 0.576+j5.48 8.42- j2.77 -0.0589- j 2.03 0.126+j2.13 
200 0.294+ j 5.43 8.71 - j  2.31 -0.0633-j 2.3 0.124+j2.42 
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The next step is to add the load conductance In this design, the real part will be disregarded and 
(0.370 mS) tog22, the real part of y22. only the imaginary part (43.3 mS) will be used. 

y22 = (0.149+0.37)-j2.59 The bllt value of 43.3 mS is the susceptance of the 

= 0.119-j2.59 
input shunt capacitance, C2. At 100 MHz, 43.3 mS 

Change the sign of the susceptance and record it as 
b22 = 2.59 mS. This is the starting value of suscep- 
tance which will be used to tune the circuit to o . ~ ~ ~  

resonance, whereupon b22 equals zero. The new set 
of y parameters from the previous operations are: 

fig. 5. A common-source Colpitts oscillator designed using 
the procedure described in the text. 

The next step is to find the valuewhich when added 
to the input of the transistor will make the circuits out- susceptance is equal to an XCL? Of which 
put conductance zero. This can be found by solving: is 69 pF. Add 43.3 mS (b l l t )  to bI1 for a new total bI1 

of 42.8 mS. Subtract the load conductance, 0.370 
- Y21Y12 mS, from g22 for a new ga2 of 0.149 mS. And finally, 

Y l l t  - 
g22 Y I I  solve the equation: 

Y 2 l Y l 2  - - (921g12- b2lb12) +j(g21b12 +g12621) - 
( ~ I I  + j  b11) 

yout = Y22 - - 
YII 

g22 
= 0.149- [(~21g12 - b21blJ + j  (~21b12+ g 1 2 b ~ )  

- - - 0.00576 + j 0.0222 - 0.899+ 42.8 
0.51 9 - (- 0.899 - j 0.433) 1 

Since the solution produces a real part which is 
negative, the addition to the input of the transistor 
cannot be performed with passive components. The 
real part is not always negative; in many cases it can 
be a positive resistance, but if added to the circuit it 
increases the cost and adds complexity. I'll demon- 
strate that the real component of y l l ,  can be 
neglected, with little error added to the calculations. 

'The numerator in the expression yZIyIz/gz2 must be converted to polar 
form before i t  can be divided by gZ2. When a polar-to-rectangular conver- 
sion key is not provided on the calculator, the following rules must be ap- 
plied: If the real part of the numerator is greater than zero, the angle is equal 
to tan- l(Im/Re). If the real part is less than zero or negative, the angle is 
180°+tan-l(lm/Rel, where I m  is the imaginary part of y21y12 and Re is 
the real part. To divide, retain the angle of y12y21 and divide by 0.519. The 
polar form of this expression must now be convened back to rectangular 
form to subtract yll. The imaginary part is (sin 105°)(0.0442)= 42.8 mS and 
the real part (cosine 105°)(0.0442) = - 11.1 mS. 

To tune to resonance, change the sign of the 
imaginary part and add this value to the first recorded 
value of b22 (2.59+ 0.123 = 2.71 mS). This is the total 
susceptance of C1 at 100 MHz. The reactance of C1 
is 369 ohms, or 4.31 pF at 100 MHz. Note that the 
real part of yOut is equal to -0.373 mS or -2681 
ohms. The desired value was - 2700 ohms, an error 
of less than 1 per cent. This is the error introduced by 
not using the real part of yIlt. 

After all the calculations were performed, the cir- 
cuit in fig. 5 was constructed and tested. The value 
of C2 required to start oscillations was found to be 45 
pF instead of the calculated value of 69 pF. The feed: 
back network consisting of L1 and the dc blocking 
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capacitor were removed, and the circuit was capacitor available. Since a 5-pF capacitor is general- 
measured again. The lead lengths, added value of ly more available, this value is used for C1 in fig. 6. 
the dc blocking capacitor, and the fact that the in- Since both terminals of C1 are at some rf potential, a 
ductor was slightly distorted from its original shape, tuning tool will generally change the total value of 
changed the total feedback circuit to be equivalent to the feedback capacitance by some unknown 

amount, therefore necessitating the use of a fixed 

++- value, instead of a variable capacitor. The 5-pF value 
is equal to 3.14 mS at 100 MHz, and can be added to 
the new y parameters in the following manner: 

Y ~ I = ~ I I * ~ ( ~ I I +  bf) 

386nH y21 =g21* j (621 - bf) 
0.001 

+9v y12=g12*j (b12-  bf) 

y22 = g22 * j (622 + bf) 
fig. 6. A common-gate oscillator designed with the 
generalized design technique. which yields 

497 nH or -3.2 mS. This changes the calculated 
value of C2 from 69 pF to 53 pF. Further, if the value 
of g ,  (forward transconductance) were reduced by a 
factor of 10 per cent, a conceivable situation, the 
value of C2 would change to 48 pF, not far from the 
measured 45 pF. 

The previous calculations assume that all 
measurements are absolutely accurate. Since this is 
not possible in practice, C1 and C2 should be variable 
to compensate for inaccuracies in measurements, as 
well as changes in transistor parameters. 

The values calculated for the passive components 
in the circuit are those values required to start oscilla- 
tion. As the circuit oscillates, the net parameters of 
the transistor change and consequently, the values 
of C1 and C2 will change. The equations presented in 
this article only provide a starting point, but are a 
preferred alternative to the empirical approach. 

common gate design 
The common-gate oscillator in fig. 3 is easily 

designed by starting with the values of C1 and L1 ob- 

To the new value of y22, you should add the value 
of RL (0.370 mS) to gL and also XLI ( - 3.77 mS) to 
bLl, yielding y22 =0.499+ j 0.551. The value of b22 
should be recorded for future use. As in the 
common-source example, set b22 equal to zero and 
calculate y l l t .  The calculated value of ylIt  ( - 23.4 + j 
50.9) serves as a starting value for C2. The next step 
consists of adding 50.9 mS to b l l ,  subtracting the gL 
of 0.370 mS from g22, and solving for yo,,, which 
equals - 0.338 - j 0.205 millisiemens. The final value 
for L1 can be determined by solving the following 
equation: 

tained from the common-source oscillator problem which equals 243 ohms or 386 nH. 
and adding them to the common-gate parameters. 
The common-gate y parameters for the U310 at 9 Note that gout = - 0.338 mS ( - 2.95k ohms), which 
volts and 2 mA are: is not the desired - 2.7k ohms. The reason for the er- 

Add the source resistor (in this case 1000 ohms or 1 
mS) to g ~ l ;  yl l  then equals 8.66 + j 1.59. Using the 
value of capacitance for C1 obtained in the first fig. 7. The same oscillator shown in fig. 6, except designed 
design, select the closest standard value, fixed with the more accurate method. 
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ror is the same as before - the real part of yllt was 
disregarded. This can easily be compensated for by 
decreasing the susceptance of C2. As an example, 
by reducing the susceptance of C2 by 10 per cent, 
gout becomes - 2626 ohms which is sufficient to start 
oscillation. The circuit for the common-gate con- 
figuration, before adjustment of C2 for the necessary 
go,,, is shown in fig. 6. In this solution, the inductor 
should be variable, or the inductance decreased and 
a variable shunt capacitor added for adjustment. 

For those cases when a more accurate result is 
necessary, the following procedure may be used. 
Use those component values determined in the 
design for fig. 5 as a starting point and proceed with 
the following steps. 

1. Start with the U310 common-gate parameters. 

2. Add thesource resistortoglI (in this case, 1 mS) 

3. Add the susceptance of C2 to bll 
yll =8.66+j44.9 

4. Add the susceptance of C1 to bll and bZ2. 

5. Subtract the susceptance of C1 from bzl and 
b12, which produces new y parameters of: 

6. Add the susceptance of L1 to b22 

7. Add the load conductance togz2 
y22 = 0.499 + j 0.124 

8. Record the value of ( - 1) ( b22) or - 0.124 mS 

9. Set bZ2 equal to zero 

10. Solve the following equation for gf and bf 

where 

c= (- I)k12+g21+g11 +g2d 

D =  (- l)(b12 + b21+ b22 + ~II) 

11. Record the value of bf 

12. Add by(0.220 mS) to bl1 and b22 

13. Subtract bf from bPI and b12 to obtain 

14. Solve for yllt, which yields O.118+ j 0.260 

15. Record bIlt (0.260 mS) 

16. Add bllt to bll, y11=8.66+j48.1 

17. Subtract the load conductance 0.370 mS from 
g22, y22 = 0.129 + j 0.220 

18. Solve for you,, which equals 
- 0.371 + j 0.00109 mS 

19. Record the value (- l)(bOut) = - j 0.001 09 mS 

20. Final values for C1, C2, and L1 are determined 
as follows: 

C1 Starting value of C1 from fig. 5 2.71 mS 
value of bf 0.22 mS 

2.93 mS 

C1 finalvalue =2.93mS or4.67pF 

C2 Starting value of C2 from fig. 5 43.3 mS 
value of bIlt 0.26 mS 

43.6 mS 

L1 Starting value of L1 from fig. 5 - 3.77 mS 
plus (- 1)(b22) from step 8 - 0.124 mS 

plus (- l)(bOut) from step 19 - 0.00109 mS 

-3.9 mS 

The final circuit diagram, with component values, 
is shown in fig. 7. Note that gout from step 18 is 
within 0.32 per cent of the desired gout of - 0.37 mS 
or -2.7k ohms. Again, the reason for the slight 

fig. 8. A 100-MHz crystal oscillator which was designed 
using the same methods as the Colpitts oscillators. 



discrepancy is caused by disregarding the real parts 
of yl l t  and gf, and is of no consequence. 

crystal oscillators 
This oscillator design technique can be modified 

for use with crystal oscillators, particularly overtone 
crystals (fig. 8). When operated in the series- 
resonant mode, the crystal has some series 
resistance, which must be added to the transistor's 
common-gate parameters, along with the 1000-ohm 
source resistor. Given the common-gate y 
parameters: 

1. Add the source resistor to g l l .  

2. Convert the y parameters to z parameters and 
add the series resistance of the crystal directly to 
the real part of z I I .  A typical value of crystal series 
resistance is 80 ohms for a seventh overtone 
crystal; this data is available from the crystal 
manufacturer. 

3. Convert the z parameters back toy parameters. 

4. Convert the new set of common-gate 
parameters to common-source parameters. 

5. Design the circuit using the technique describ- 
ed for fig. 5. 

6. Using the common-gate parameters from step 
3, and the component values determined from 
step 5, complete the design by using those steps 
outlined for fig. 7. 

X- SERIES 

fig. 9. A lowpass L network for 
matching between the high source 
resistance of the oscillator and a 50- PARALLEL 

ohm load. 

The necessary equations to convert y parameters 
to z parameters are: 

where 
4 = y11y22- y21y12 

To convert z parameters back to y parameters, inter- 
change the y and z values. 

It is helpful to know what effects the three circuit 
components have on the oscillator circuit. In general, 

when the input shunt capacitor is increased in value, 
the frequency of the oscillation is decreased, while 
the negative output resistance increases. Increasing 
the feedback capacitance lowers the frequency and 
also the negative output resistance. Changing the 
output reactance, theoretically, only changes the fre- 
quency and does not effect the output conductance. 

X -  SERIES 

fig. 10. A highpass L network, in 
addition to impedance matching, 
also provides dc isolation for the 
load. 

The tuning procedure for the oscillator is quite 
easy (refer to figs. 3 and 4). Apply dc power to the 
oscillator. If it immediately oscillates, tune the output 
shunt element to the desired frequency. If the 
oscillator does not start, or ceases oscillation when 
tuning, decrease the capacitance of C2, which ad- 
justs the output conductance. When it has been 
determined that the oscillator is tuned to frequency 
and oscillating, the input shunt element (C2) can be 
adjusted for the desired output level and the output 
shunt element tuned for the correct frequency. 

The crystal oscillator is tuned in the same manner. 
The exception is when the parallel capacitance of the 
crystal is relatively high. In that case the procedure is 
to increase the capacitance of C2 until oscillation 
ceases and then decrease the capacitance in small in- 
crements until the circuit oscillates again. This pro- 
cedure should be followed since in some cases, the 
parallel capacitance of the crystal provides enough 
feedback to allow the circuit to oscillate at frequen- 
cies very close to f,, but not as a function of the 
series-resonant mode of the crystal. For breadboard 
designs, it is easiest to insert a resistor, equal to the 
series resistance of the crystal, in place of the crystal; 
the same tuneup procedure is used except that the 
resistor is replaced with the crystal during the last 
stages of tuning. 

As an added advantage, when using the U310 in 
the crystal oscillator circuit, the inductor sometimes 
shunted across the crystal to  prevent spurious 
oscillations is not necessary. This inductor is almost 
always necessary when using a bipolar transistor as a 
Colpitts overtone oscillator. 

impedance matching 
Throughout this article, a load impedance of 2700 

ohms was used. The actual load will generally be 
some other value. Quite often this load will be 50 
ohms resistive. In this case, the 2700-ohm load 
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resistance necessary for oscillation will have to be 
matched to the 50-ohm load. The simplest solution is 
the L network shown in figs. 9 and 10. The value for 
the series reactive element can be found with the 
following equation: 

where 
R, = series resistance of load 
R p  = parallel resistance to be transformed 

In this example 

x,.,, = r o  JF= 364 ohms 

The value for the shunt element can be determined 
from: 

= 371 ohms 

Fig. 11 shows the highpass matching network 
(fig. 10) applied to the common-gate oscillator 
shown in fig. 6. The 364-ohm reactance at 100 MHz 
is equivalent to 4.37 pF. Any error introduced by us- 
ing the nearest standard capacitance value (5 pF) can 
be compensated for by L1 and C2. The shunt induc- 
tance of the matching network must be added to L1 
for a new total inductance for L1. This is easily ac- 
complished by adding the susceptance of Xpa,llel 
and L1 [-4.1 mS+(-2.7 mS)= -6.8 mS or 147 
ohms inductive reactance which at 100 MHz equals 
234 nH1. The circuit in fig. 11 was constructed and 
the test results for 100 MHz are: Value of C2 to start 
oscillation = 43 pF; final values after tuning are C1 = 5 
pF; C2=25 pF; and L1=215 nH. Maximum power 
output =9.2 milliwatts. With C2 set to 12 pF, the cir- 
cuit oscillated with crystals ranging from 95 MHz to 

h 

fig. 11. When the highpass L network is used for matching, 
the shunt inductor is combined with inductance in the 
oscillator. In this case, L1 is a slug-tuned 6.5 mm (114 inch) 
coil, wound with 6 turns of no. 18 AWG (1 mm) wire. The 
turns are spaced to occupy 12.5 mm (112 inch). 

116 MHz. The value of L1 was changed to accommo- 
date the different frequencies. 

concluding comments 
This article is not intended as a construction pro- 

ject. However, those circuits shown with inductance 
and capacitance values have been built and tested, 
and performed very close to predictions. This design 
technique has been used for many oscillator designs 
and has been found to be superior to the empirical 
approach, particularly if a programmable scientific 
calculator is available. 

The techniques presented here appear to be equal- 
ly valid at the lower frequencies. The data necessary 
are gm, c,,, co,, and c ~ , .  This information is almost 
always obtainable from the transistor data sheet. 
These parameters can be substituted in the common- 
source y parameters by assuming the input and out- 
put resistance of the fet is very high and can, 
therefore, be disregarded. 

Low-frequency oscillator design is available from 
many sources. This technique might not be as usable 
as others, but it does allow a close approximation for 
low-frequency design. 

Expressing an idea is often difficult for me. I am 
gratified by the many personal, and professional 
friends who have helped expand this idea and also 
provided the additional enthusiasm and necessary 
technical expertise, especially Ed Oxner, manager of 
Special Projects Engineering at Siliconix, Will Alex- 
ander, WAGRDZ, Earl McCune, WAGSUH, and Bon- 
nie (The Boss). 
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visual aids 
for working on 

croci rcuits 
Devices are getting 

smaller and smaller - 
consider these visual aids 

before you give up 
on a construction project 

with today's ICs 

With the introduction of transistors and miniatur- 
ized circuits most everyone dealing with them has 
probably experienced difficulty seeing components 
and circuits because of their small size. Today, with 
integrated-circuit devices requiring even smaller 
printed-circuit-board design, the visual or seeing re- 
quirement is even greater. 

the problem 
When you consider the visual anomalies found in 

the general population such as nearsightedness, 
farsightedness, astigmatism, or combinations of 
these, and when you include problems of binocular- 

Reprinted with permission from the May-June, 1977, issue of 
R TTY Journal. 

ity (the ability or inability of the eyes teaming to- 
gether, such as one eye receiving a larger image 
than the other), poor eye-muscle coordination, cata- 
racts, and any ongoing or past history of ocular dis- 
eases, it's no wonder many of our IC projects end up 
with solder bridges, improper or unsoldered con- 
nections, and components mounted improperly. The 
fact is that many simply can't see well enough to 
avoid these pitfalls. 

I recently completed a project that used 29 ICs, 
three of which were LSI devices, all mounted on four 
PC boards, three of which had circuit paths on both 
sides. Even though I have 20-20 vision at distance 
and near, and have never had any pathological prob- 
lem causing visual impairment, I experienced great 
difficulty seeing my work. I therefore came to the 
conslusion that if I were having these kinds of prob- 
lems with what's generally considered normal vision, 
there must be many electronic hobbyists who are 
having even greater problems. With this in mind, I 
offer the following observations to help in under- 
standing these visual tasks and to allow most to see 
with better efficiency. 

lighting and magnification 
First, realize that vision requires light. But it has to 

be useful light; that is, not too dim (below the visual 
threshold) or too bright (above the threshold and 
therefore saturating the visual system, especially the 
retina). Second, visual acuity (how well you see) 
depends on the image size impinged onto the retina. 
Visual acuity is directly related to object size. The 
conclusion is that, if you have the proper lighting 

By Dr. Robert Sullivan, Optometrist, KSSRL, 
410 NE 7th Street, Linton, Indiana 47441 



conditions and magnification, visual acuity generally 
improves. However, there are limiting factors. For 
example, as the image size on the retina gets larger, 
the field of view gets smaller. 

optical aids 
If you're nearsighted (can't see well at a distance 

without glasses or contact lenses), you might do bet- 
ter visually, at the near distances used in electronic 
construction, without your glasses or contacts. 
Since a nearsighted eye without correction in place is 
in effect too strong, removing the spectacles has the 
same effect as looking through a magnifying lens. 
You'll notice that near objects (within about 20 cm 18 

" 

inches] of your eyes depending upon your prescrip- 
tion) look larger. However, this might not work if you 
have astigmatism, as your vision could be distorted. 

If you're farsighted (can't see nearby objects well 
without glasses or contacts), you should wear your 
correction at all times for near electronic work. Since 
a farsighted eye is a weak eye without correction, 
wearing glasses or contact lenses, in effect, makes 
your eyes stronger. Also, far sightedness involves a 
problem with the eye's focusing mechanism and 
without correction, eye fatigue and headaches are 
more common. 

If you normally wear glasses full time, and if 
they're the bifocal or trifocal type, you should wear 
them for near electronic work. 

work glasses 
You might consider having a special pair of glasses 

made especially for electronic work. I made a pair 
with one lens having a + 16 diopter power and the 
other lens opaque, which forces me to  use one eye 
only, since such a large prescription for both eyes 
creates a condition that makes binocularity impos- 
sible. This is a common problem with some of the 
available optical aids recommended for near visual 
tasks. These devices are usually binocular in nature 
(both eyes are used). To maintain this binocularity, 
weaker lenses are used and the resulting magnifica- 
tion is less. 

I put the + 16 lens on my right eye since I'm right- 
eye dominant. With these glasses, approximately 
4X magnification is achieved and the field of view is 
about 7 cm (3 inches). The focal point is 6.25 cm (2.5 
inches), so I must hold things close. I found that with 
these glasses and ihandheld penlight (I use the pop- 
ular disposable type), I could examine PC boards for 
errors in component mounting, find solder bridges, 
and perform general inspection with great ease. Just 
one thing more: these suggestions should be imple- 
mented after you've checked with your eye doctor. 
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ZERO TO 300  MHz .  FEATURES net Mr.arole5 slur .'V. x 3'1.'' Cam- 
nit.lc r t l n  louct l  l o n e  pad. board. 

TWO INPUTS. ONE FOR LOW FRE- c iy~ ta t  cnlp a00 ail necesslry C O ~ D O -  
OUENCY ANDONE FOR HIGH FRE- nent5lo1#!11.;h Ihe k81 

. . . . . . . . . . .  
OUENCY. AUTOMATIC ZERO SUP. 

PRICE0 &T.  $2995 
F01 those who wtm to m u n !  the encoder 

PRESSION TIME BASE IS 1 0 SEC l a d  ndrld held unit the PC bMr0 meas- 
OR 1 SEC GATE WlTH OPTIONAL urel  oily 9. 16' I ll/." Thls Dnrtldl k ~ t  

10 SEC GATE AVAILABLE. ACCU- 
~ 8 t h  PC b a r d ,  cryslat. chin and cum 
ponents 

. . . . . . . . . . . . .  RACY + 001%.  UTILIZES 10. PRICED AT .$14.95 

MHz CRYSTAL 5 PPM 

COMPLETE KIT. . .  S J ~ .  . .  $109 PRE-SCALER KITS 
H A L  300 PRE ....... S18.85 

HAL-SOA 8-DIGIT COUNTER WlTH (Pfe d i l l l ed  G10 board and all 
components) 

FREOUENCY RANGE OF ZERO TO H A L  300 NPRE .528.95 .... 
50 MHz OR BETTER AUTOMATIC (Samr rr  a h v e  but wnth preamp) 

...... DECIMAL POINT. ZERO SUPPRES. H A L  800 PRE .S34.95 
SlON UPON DEMAND FEATURES (P re  rtt8ltea 6 1 0  board and all 

components1 
TWO INPUTS. ONE FOR LOW FRE. H A L  800 NPRE ..... $39.95 
OUENCY INPUT. A N 0  ONE ON (Samr .IS above nu1 wnth preamp) 

PANEL FOR USE WlTH ANY IN. 
TERNALLY MOUNTED HALTRONIX 
PRE.SCALER FOR WHICH PROVI- PRE-BUILT 
SlONS HAVE ALREADY BEEN 
MAOE. 1 0 SEC AND I SEC TlME 

COUNTERS 
AVAILABLE ......... GATES. ACCURACY - 0 0 1 %  HAL.BOOA $229.00 ...... UTILIZES 1O.MHZ CRYSTAL 5 H A L - 3 0 0 A . .  .S199.00 ....... PPM HAL .50A . .  .S199.00 

ALLOW a TO &WEEK DELIVERV ON 
COMPLETE K I T . .  . $d.. $109 PREHUILT UNITS 

\\ ?n 
L? x- 

HAL-TRON IX 
' k  PO B O X  1101, SOUTHGATE, MI 48195 

''HAL" 
PHONE(313) 285-1782 

n r m o  c NOWLAND 
wsLXn SHlWlNG INFORMATION. 

OROFRS OVER SI', 00 WILL BE SHIPPED WSTPAID EXCEPT ON 
l l t M S  WHERE ADUlllONPil CHARGES ARE REOUESIED ON 
ORItLRS 1ESS THAN StSOO PLfASf lNCLUUf AlIDtlIONAL 
S t  Ull FOR HANULINI, ANLl MAILIN~I LHARCiS SEN11 SASE FOR 
FREE FLYER 



For maxlmum PerFormaNce 
OF Your ~ r - 7  STaTlon 

Directional Rf 
Wattmeter r DRAKE WH-71 

Remote coupler 

N e w  0-20 watt  scale for low power  enthusiasts 
in addi t ion t o  200-2000 watt  scales 

New direct-reading VSWR scale 

DRAKE MN-7 
Antenna 

- Matching Network 1 
160-10 meters, 250 watts cont inuous rf output 

Unique "low-pass filter" design of MN-7 provides 
signif icant harmonic reduct ion to help f ight TVI 

Built-in r f  antenna swi tch a l lows un i t  t o  be by- 
passed regardless o f  antenna in use. N o  need to 
disconnect feedlines. Switch a lso ~ e r m i t s  f ront  

The Drake WH-7 is desiqned for user convenience and high panel Of antennas. 
accuracy. This instrument includes three calibrated scales for . ~ ~ i 1 t - i ~  rf wattmeterNSWR bridge 
rf powerto satisfy applicationsfrom QRP to high power (0-20. 
0-200 and 0-2000 watts full scale). A fourth calibrated scale MN-7 SPEClFlCATiONS 
provides direct reading VSWR information, and is switch Frequency Coverage - All amateur bands 160-10 meters 
selected from front panel. This wattmeter makes Possible with generous out-of-band coverage for future expansions 
quick, accurate adjustments of antenna resonance and imPe- power Capablllty- 250 watts continuous Input Impe- 
dance match, when placed between transmitter and matching dance- 50 ohms (resistive) Load Impedance- 50 ohm 
network. The WH-7 is styled to match the 7-line. coax with VSWR of 5:l or less f3:l on 10 meters)- 75 ohm 

WH-7 SPECIFICATIONS 

Frequency Coverage- 1.8-54 MHz Line Impedance- 50 
ohm resistive Power Capability- 2000 watts continuous 

Jacks, Removable Coupler-Two SO239 input and output 
connectors Semiconductors-Two IN295 power meter rec- 
tifiers Accuracy - t (5% of reading t 1% of scale) VSWR 
Insertion - lnsertion of wattmeter in line changes VSWR no 
more than 1.05:l Dimensions- 4.6"H x 6.9'W x 7.5"D (11.6 x 
17.5 x 19 cm) Shipping Weight- 3 Ibs. (1.4 kg) . . . . .$89.00 

coax at lower VSWR can be used-long wire at low impe- 
dance; high impedance may be matched with optional Drake 
8-1000 Balun (switch selected)-Balanced feeders with op- 
tional Drake 8-1000 Balun may be accommodated (switch 
selected)-MN-7 may be switch by-passed regardless of feed- 
line in use * Meter-Reads rf watts or VSWR (switch 
selected)-High accuracy Dimension- 4.6H x 13.6'W x 
8.5'73 (11.6 x 34.6 x 21.6 cm)*Shipping Wt.- 10 Ibs. (4.55 kg) 

. . ,5165.00 
(optional 6-1000 Balun) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.95 

To receive a FREE Drake Full Line Catalog, please send name and date of this publicalion lo 

R. L. DRAKE COMPANY 540 Richard St.. Mimilburg, Ohio 45342 

@ Phone: (513) 866-2421 Telex: 288.017 

Western Sales and Sewlce Center, 2020 Western Street. La% Vegas. Nevada 89102 = 7021382-9470 
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solving RFI problems 
in home-entertainment devices 

How to dispose 
of RFI problems 

quickly and easily - 
ideas from an 

overseas amateur 
that will work 

in your station 

Radio-frequency interference (RFI) from amateur 
transmitters to television, broadcast, and hi-fi sets is 
still a problem. Most such cases of RFI can be attrib- 
uted to fundamental overload of the home-entertain- 
ment device from the transmitter, especially if the 
transmitter is running high power (500 watts or 
more). 

The remedies are well known for this type of RFl, 
but I'd like to summarize some of the cures: 

1. Install a filter in the ac line to the device. 

2. lnstall a 0.01-pF capacitor across the speaker 
terminals. 

3. lnstall an rf choke in the speaker leads. Such a 
choke can be made by winding the speaker leads 
onto a ferrite rod. 

4. Make sure the home-entertainment device has 
a good rf ground. 

5. Use shielded cable for the speaker leads, and 
ground the shield. 

6. lnstall a good-quality 0.01-pF capacitor be- 
tween the device chassis and ground. 

7. Ground the device's antenna coaxial-cable 
shield. 

8. Wind 10-15 turns of the device's antenna coax 
cable onto a ferrite rod. This will form an effective 
rf choke. 

9. lnstall a good highpass filter directly at the 
device's antenna terminals. Make sure the filter is 
shielded, and ground the shield. 

- 
By John DeVoldere, ON4UN, 215 Poelstraat, 
6-9220 Merelbeke, OV Belgium 



In all cases of reported RFI, I've eliminated the 
problem by one or more of the methods mentioned 
above without having to make any changes inside 
the home-entertainment device. 

There's nothing original here so far, but 1 offer 
some other hints that you may find useful in your 
own RFI problem: 

I always keep a selection of filters available for any 
RFI complaint. The set of filtersincludesa good-qual- 
ity ac filter for the power line, a highpass filter for 
twin lead or coax-cable, ferrite-rod filters for speak- 
ers, an rf choke for coax cable, and some wires and 
clip leads for grounding purposes in tests. 

responding to RFI complaints 
Almost all interference complaints I receive are by 

telephone. Here's what I do. I ask the complainant to 
leave the phone off the hook and tell him I'll be right 
over to check the problem. Then I switch on my 
phone patch, turn down the receiver gain control so 
the receiver won't trip the VOX in my transmitter, 
and adjust my transmitter for VOX operation through 
the telephone. Then I grab my assortment of filters, 

, hop into my car, and ring the complainant's door bell 
within minutes after his telephone call. 

Now here's where you need some diplomacy. 
Don't be aggressive, but explain that you're genuine- 
ly interested in resolving the RFI problem as a mutual 
endeavor. Tell the complainant you're there to inves- 
tigate the problem and want to use his telephone to 
put your transmitter on the air. He may raise an eye- 

Ferrite or powdered-iron toroid can also be used to form in- 
line rf chokes with loudspeaker leads. 

TVI suggestions 
In cases of N I  complaints, proceed as follows: 

1. Disconnect the device's antenna feedline. If NI 
continues, install a filter in the device's ac line. If this 
doesn't help, you're probably in big trouble, because 
you have a case of direct pickup by the device. 

2. If disconnecting the antenna feedline stops the 
TVI, try the following: 

A. Install a highpass filter 
B. Install a coaxial-cable rf choke (10-15 turns on 

a ferrite rod). 
C. Ground the antenna coax-cable shield at the 

N - s e t  chassis (through a O.Ol-pF capacitor if 
necessary) to  a good rf ground. 

brow at this remark, but pick up his phone and put suggestions for hi-fi RFI cures 
your transmitter on the air. Talking into the com- 
plainant's phone will trip your VOX, which makes it If you have to  deal with a complete hi-fi system in- 
possible for you to make the diagnosis of the RFI cluding tuner, amplifier, turntable, and recorder- 
problem, if any. No help from the outside, and you deck, there's only one logical approach that can 
can do it right away. be used. 



Disconnect all units from each other and from the 
ac line - except for the amplifier (just leave the ac 
cord and speaker leads connected). If interference 
still persists. disconnect the speakers and try the unit 
on headphones. If the interference disappears, the 
problem probably lies in pickup through the speaker 
cables (the RFI is being fed to the preamplifier stages 
through the audio feedback circuit). 

Install the ferrite-rod filters in the speaker leads 
(10-15 turns). If necessary, connect O.Ol-pF capaci- 
tors across the speaker terminals to  ground. In very 
stubborn cases you may have to go all the way and 
use shielded speaker cable and ground the cable 
shield to  a good rf ground. 

In some casss Intertarenee can be reduced by winding ex- 
ternal audio input leads on toroidal cores. 

If disconnecting the speaker cables doesn't kill the 
RFI, the pickup must be coming through the ac line, 
so you must install a good filter between the set ac 
input and the house wiring. Again, a good rf ground 
may have to be connected to the ac filter. 

If the hi-fi amplifier plus the speakers (by them- 
selves) don't show any interference, connect all 
other pieces of equipment, one-by-one, to  determine 
where the RFI is appearing. If connecting the tuner 
brings up the RFI, try highpass (or coax rf-choke) fil- 
ters on the antenna lead; then try an ac line filter. A 
similar approach can be used when connecting other 
pieces of equipment, such as tape decks. 

summary 
Using your phone patch to  solve the RFI complaint 

quickly and independently; using a logical approach 
when checking the complainant's set; having a ready 
assortment of anti-RFI filters available at all times - 
all these will go a long way toward maintaining a 
good relationship with your neighbors. This ap- 
proach will also ensure keeping your amateur station 
on the air at all times. 

ham radio 

In the past when your VAESU or KENWOOO dealer s a d  the CW crystal 
filler 101 your set was eplbnd you had a choice. Buy one of his s tmdad 
untls - or do w~thout. 

NO LONGER! 
Now FOX-TANGO no1 only Offers lillers slmilar in bandwidth to those sue. 
piled by your set s manuiacturer, but also sharp eight-pole. 250 HZ band- 
wldlh llltels wfth Superlor shape laclors at an unbeatable prlce - some 
stm~lar unlls are belng advertised lor $1001 And even m, ~ h q  m not as 
sharp. 

BUT THAT'S NOT ALL 
Yaesu's CW l~lters lor the FT-101. FR-101 and FT.301 Series have a 
bandwldth 01600 Hz Mosl hamsteel600 Hz ~ s t w w l d e  lor today's condl- 
tlons bul that s no1 the only reason they l ~ n d  the golng rough when the 
band IS crowded Not only are our tllters 8 pole bul lhey have a superlor 
shape factor and 500 Hz bandwldth Wade enough lor tun~ng ease yet 
sharp and selecllve enough lo cut through all bul Ihe heav~est ORM And 
tor the Kenwood CW enthus~asl FOX TANGO now offers In addltlon to 
the sharp elghl pole 250 Hz unlts lor the TS-520 R-599, and the TS-820 
Serles new e~ght-pole 400 Hz filters w ~ t h  character!stlCs superlor lo those 
01 the regular Kenwood 500 HZ unrts 

SOME REAL OPTIONS 
Bul talk aboul FREEDOM OF CHOICEr Inexpensave, easily ~nslalled d~ods- 
swltchlng boards are now available tor all the above sels whlch p e n l l  the 
addltlon of up to lwo crystal llllers In addltlon lo those lor whlch Ihe manu- 
facturer provldes space For example 11 you have no CW ltlter al present or 
are lust buy~ng your sel (whlch never c m e s  wlth the l~ l ler  laclory-ln- 
slailed) you can select elther ot our superlor unlts, secure In the knowl- 
edge that you can add the otner later #I  yo^ wlsn Or 11 your r ~ g  already has 
a standard CW I~lter ~nslalled. you can ado our sharp unit so tnat ettner can 
be swltch Selecled olten uslng exlsttng fronl panel controls Jusl ~maglnel 
Na~ l  your rare OX wllh the standard-type I~l ler  and cul oul the crud and 
crowd wlth the f l ~ p  ot a swltch Now that s OPERATlNGl 

HOW WE DO IT 
Some hams have wondered how we can oner superlor lilters at such a low 
prlce And they a n  superlor, no1 only on the bass ol labaralory tesls bu' 
according to members of the lnternatlonal Fox-Tango Club who have used 
them In lhelr rlgs lor many monlhs The answer lo the low prlce ques- 
tlon IS lhal these Illlers are made lor us In Japan by a concern wlth almost 
a quarter century ol expertence In Ihe deslgn and productton of these 
unlls among others, tor use In the best known and most 1eSDeCled 
brands 01 boih amateur and commercoal gear n the past thetr l~lters were 
sold excIJs vey to set manulact~rers how lhey are be~ng ollered at retall 
tor the llrst !!me - and d Introdudofy pr lws - through our organlzallon 
only 

GET YOURS NOW AND BEAT THE INFLATIONARY SPIRAL! 
Our F l b n  MI wld en I M e n q - b ~ k  Ounmm 1113 

FOX-TANGO CORP. 
Box 15944, W. Palm Beach, FL 33406 

DIODE SWITCHING BOARDS permltsasymntlnp 
lwllhoul drllllngl 01 up lo two cryrlal ll l lers 01 any lyps ln addlllon to 
lhose 101 WhlCn tne mnulnclurer provides space These taras wll 
aCCOmmMlate any 01 Ihe I llers Ihsted below and other twas plannsd 
lor Ine luture Thy tncluae one slage ol ampl~l#cat#on lo Compensate 
lor tiltel rnsertton lasses il desnrea Complele inrtruct!ons SPECIFY 
S U  Wh rhkh burd tl to b. vrld 115 wllh purchase 01 any llller 
$20 wllnwt l~lter I\lrmall Ppd US a Canada Overseas add St 

ALL TYPES 
onlv $50 
~jrmdll Pva (15 
b Canada Overrsas 
add $3 
Circle lypa 
desired. 

I enclose S Check 0 Money Order I Cash 
(Make checks payable lo  FTC) 

i prefer to charge my 
Name 

O VISA Master Charge 

Account NO Address 

Exptralton date C~ty 

MC 4 d1g11 no Stale ZIP 

\ Florida residents add 4% Sales Tax 



I -C RANDOM WIRE ANTENNA TUNER I 

I All band operation (160-10 metem)wlth 
any random length of wire. 200 watt 
output power capablllty-will work with 
vlrtually any transceiver. Ideal for pnrt- 
able or  home operation. Great for aport- 
ments and hotel nunno-simply nm a I 

rie, out a window, or  anyplace 
Emdent tomid inductor for ~.--~ -~~~~ ~ 

small size: 4- 1 /4" x 2-3/W x 3", and negll- 
glble Ic~.nulI t - lnnenn tune-uplntllcator. 
SO-2.39 connector. Attractive bmw& I 
only 
THt ORIGINAL Random W ~ r c  Antenna 
Tuner in ure by amateurs for 6 years 

SST T-2 ULTRA TUNER 
Tunes o u t  SWR on any coax fed antenna aci well an random 
wtrea. Worlre great on all bands (80-10 metem) ~ 4 t h  any 
transceiver running u p  to  200 watts power output. 

lncreanes u d l e  bandwidth ofany antennaTunesout SWRon 
mobile whJpi from inside your au. 

U R ~ R  emdent  torold Inductor and specially made capacitom 
for small slze: 5-1/4" x 2-114" x 2-1/2". Rugged yet cnmpect. 
Nqllgible line law. A t t m d v e  bmnze finished enclmure. 
SO-239 coax cnnnedom are used Tor transrnltter Input and 
auut fed antennas. Convenlent bindlng pmts are pmvided Tor 
random wlre and ground connections. 

I 

I 

1 only 
I $1 9.95 
SST T-3 
Mobile Impedance Transformer 
Matches 5 2  ohm a m  to  the lower impedance of a moblle 
whlp or  vertical. 1 2 - p l t l o n  switch with tap s p d  
between 3 and 5 2  ohms. Dmadband from 1-30 Mhz. Wlll 
uvork with vlrtually any transceiver-.XKl watt output 
power capablllty. SO-279 connectom. Tomld Inductor for 
small ~ 1 7 ~ :  2-3/4" x 2" x 2-1/4". Attractive bmnze flnlsh. 

All SST.pmducts are gmmnteed for 1 year. In ucldltlo~~. 
I they niav be returnedwithln lodays f o r a h l l r e f i ~ n ~ l  (Icss 

shlpplng) if you are not ~ a t l e n e d  for any reawn. Ilense 
add H" fix shlpplng and handling. Callf. mldenlq, plea.. 

1 add snles tan. COL) o d m  OK by phone. 

S5T L1 

- - 

only $29.95 
a9.95 ul rc  and tested 

SST A- 1 VHF Amplifier Kit 
1 watt Input gkes you I5 wath outptrt a c m ~ ~  the entire 
2 meter band udthout re-tunlng. Thls easy-tehulld kit 
(approx. 1/2 hr. assembly) Includes everything you need 
for a complete ampllner. All 1c1p quallty romponents. 
CinnpnUble with all 1-9 watt 2-meter m s c e l v e r s .  Short 
and open pmtected-nit damageil by high Sit%. 

Klt  includes: 
Etched and drllled G-10 ep,xy snlder plated baard. 
Heat fitnk and mounting hnnIware.Al1 components- 
inclt~dlng pre-wound mils. 
Top quallty TRW RF power tmnslstnr. 
Cmmplete assembly lnstmctlon with dais on a 
carrier nperated T/R su4tch. 

ELECTRONICS 
1 2 0  BOX I LAWhDALE. CALIF. 
90260. (21 3) 376 - 5887 
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the keyboard itself. In fact, the KOS(Keyboard0perated 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 speedsof BAUDOTand ASCII RTTYand Morse 
code from 1 to 175 wpm(Version3), and word wrap-around to prevent splitting of words at the 
end of a line. When combined with the HAL ST-6000 Demodulator, you have 1 
ULTIMATE in RTTY equipment. 

DS-3000 KSR Version 3 (MORSE, BAUDOT, ASCII). 

WP' 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1575.00 

........................................... DS-3000 KSR Version 2 (BAUDOT & ASCII only) $119 

Write for our latest catalog & RTTY guide. 

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

the 

.................... 

For our Overseas cusromers: 
see HAL equipment at: 

Richter & Co.; Hannover 
I.E.C. Interrelco; Bissone 
Vicom Imports; Auburn. Vic., Australla 
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600 kHz offset 
for frequency 
synthesizers 

The circuit shown in fig. 1 is de- 
signed for use with any frequency 
synthesizer which uses a program- 
mable divider with outputs available 
from each flip-flop. The schematic 
shows its implementation in the 
GLB 4008 synthesizer; only two ICs 
are needed to accomplish the func- 
tion. The output of the divider at the 

end of a count sequence pulses the 
phase comparator U1, and reloads 
the counters U7, U8, and U9 to the 
number determined by the frequency 
set switches. (All of this circuitry is 
not shown in the partial schematic of 
the GLB 4008.1 When enabled, the 
offset circuit gates off this pulse until 
the 100 kHz counter U8 reaches a 
count of 6 which corresponds to 600 
kHz. At this time, a pulse is gated 
through to U1 and the counter load 
circuits. Other numbers could be de- 

REMOVE C19. A 0 0  JUMPER 
r REMOVE R 2 4  a R Z 5  

t ADO JUMPER 

IOOKHz I 0  KHz - - 
8281 8280 

9 2 
+-REPLACE "7  

WITH 8281 
+ FLIP -FLOP BIT5 PARTIAL SCHEMATIC 

r - 4 A N D Z - 6  OF GLB 4008 

T -- 
- 6 0 0  KHz 

OFFSET LOGIC 

TO EE4 
COLLECTOR 
OF 012 SIMREX P N  I4 .+5V 

fig. 1. Simple circuit for generating 600 kHz offset with a fre- 
quency synthesizer that uses a programmable divider; only two 
ICs are required. The circuit here shows how the circuit is used 
with the GLB 4008 synthesizer. 

coded from U7, U8, and U9 by using 
a similar gating arrangement for any 
desired offset, for application in syn- 
thesizers for 220 MHz and 450 MHz. 

In addition to its simplicity, one ad- 
vantage of this circuit is that it will 
only offset the synthesizer -600 
kHz, and accidental operation above 
148 MHz is not possible. When op- 
erating, always select the higher fre- 
quency of a repeater pair on the fre- 
quency set switches. In the 146-147 
MHz segment offset Tx to transmit 
on the repeaters input; in the 147-148 
MHz segment select offset Rx to re- 
ceive the repeater output. To operate 
reverse simply flip the switch the 
other way. With the center-off pos- 
ition of the switch, transmit and re- 
ceive will be on the selected fre- 
quency. The offset function is dis- 
abled in this position. The LED indica- 
tor will only light while offset is 
actually taking place, so it will go on 
and off between receive and trans- 
mit, always indicating the operating 
condition. 

Only two ICs are required for the 
actual offset circuit, and U7 must be 
changed to an 8281, which is simply 
a plug-in substitution. Also, remove 
the 1 k, 1.5k resistors, and the 150 pF 
capacitor from pins 1 and 2 of U10 
(R24, R25, C19). They are no longer 
required because the added circuitry 
always presents the proper TTL sig- 
nal level to this gate. Be sure to put a 
jumper in place of C19. 

Dave Sargent, K6KLO 



illumination for 
lever action switch 

Having problems reading thumb- 
wheel or lever action switches in the 
dark? The new Heath HW2036 is a 
perfect example of a fine synthesized 
receiver at a price anyone can afford. 
One of its shortcomings is the lack of 
i l lumination on the lever act ion 
switches. Material used to make the 
light bar in fig. 2 came from the junk 
box of my model railroad. However, 
the brass and lamps can be obtained 
at any hobby shop for less than 
$2.00. 

approximately 2 mm (1116 inch) or 
so. Bend brackets, drill holes for 
mounting screws and for the lamp 
wires in sleeving to pass through the 
right hand bracket; file smooth and 
paint. 

The brackets should hold the tube 
high enough above the top of the 
switch to clear the upper most posi- 
tion of the lever switch. One screw is 
sufficient to mount, and  he wires in 
sleeving are passed through the hole 
in the panel and connected to ground 
and the meter lamp wire. Use grain or 
wheat lamps and carefully insulate 
the wires at the base with five-minute 

BEND 
FM 0 3 2 -  HOLE FOR WIRE 

BRASS AND SLEFVING 

RED MODEL RllLR'JAD I 6 V 1  
G R A I N ~ O -  WHEAT LAMPS 

fig. 2. Adding illumination so you can see the HW2036 thumbwheal 
switches in the dark. Brass stock is available in most hobby shops. 

Use a 3116-inch (4mm) diameter 
brass tube cut to the width of the 
switch assembly so that the brackets, 
when soldered to the tube, will fit 
snugly against the side of the switch 
bezel and mount under the existing 
screw. Cut two slots for the lamps, 
large enough for the lamps to pass 
through after soldering and painting. 
Rough trim the brackets, then solder 
so that the slots aim down and the 
tube is spaced away from the panel 
the thickness of the protruding bezel, 

epoxy. I used red lamps to cut the 
reflected glare from the switch. 

Another modification for the 
HW2036 which improves the opera- 
tion is to change the back panel and 
replace the RCA phone jack with an 
SO239 connector. Enlarge the hole in 
the prir,:ed-circuit board to take the 
stub of the SO239 and replace the 
remote speaker RCA phone connect- 
or with a miniature phone jack. 

Fred W. Snow, WPlFR 

re-forming the oxide 
layer in electrolytic 
capacitors 

Electrolytic capacitors, including 
computer grades, which have not 
been used for any length of time 
should not be subjected to full volt- 
age without first re-forming the inter- 
nal oxide layer. If this is not done, 
they may have high leakage which 
will result in rapid failure due to inter- 
nal heating. 

The oxide layer may be re-formed 
in the following manner: Connect the 
capacitor to a power supply set to the 
dc voltage rating of the capacitor 
with a series resistor to limit the short 
circuit current to around 10 mA. For 
example, for a 200-volt capacitor, the 
power supply would be set to 200 
volts and the series resistor would be 
20,000 ohms. If several capacitors are 
being re-formed simultaneously, they 
should not be directly paralleled. 
Instead, each capacitor should have 
its own current limiting resistor. This 
allows each capacitor to charge inde- 
pendently, at a rate dependent on its 
internal leakage. I t  also allows the 
voltage on  each capacitor t o  be 
measured separately as an indication 
of its condition. It has been my exper- 
ience when re-forming large numbers 
of surplus computer grade electroly- 
tics in this manner that most of them 
will charge to close to full voltage in 
just a few minutes. A few will stabil- 
ize at a considerably lower voltage, 
indicating that they have a high leak- 
age and really need the re-forming 
procedure. 

I have not yet enountered a capaci- 
tor that would not charge to the same 
level as the others if left connected 
long enough, although this has taken 
as much as several days. When this 
finally happens, it means that the ox- 
ide layer is totally re-formed, and the 
leakage has dropped to  a normal 
level. 

John Becker, K9MM 



THE NEW YAESU FT-901 FACTORY AUTHORIZED 1 DEALERS FOR: 

CALL OR WRITE 
FOR INFORMATION 

ON PRICE 
AND OPTIONS 

OTHER YAESU MODELS ALSO AVAILABLE.. . . . . 
Summer Specials : 

(PREPAID SHIPMENT T O  AREAS SERVED BY UPS B R O W N  LABEL) 
Reg. Sale 

CUSHCRAFT AlB-34 TRI-BAND BEAM w / BALUN 239.95 199.95 
CDE HAM III. ROTATOR 129.95 
CDE T2X ROTATOR 249.95 
WILSON SY 1 TRI-BAND BEAM 274.95 239.95 

ABOVE SPECIALS EXPIRE JULY 31, 1978  A N D  ARE SUBJECT T O  STOCK ON H A N D  

- -  - 

AEA 
ATLAS 
BBW 
BELDEN 
BENCHER 
CDE 
CUSHCRAFT 
DENTRON 
DRAKE 
FLUKE 
HUSTLER 
HY GAIN 
ICOM 
K LM 
LARSEN 
LUNAR 
MFJ 
NPC 
NYE 
ROHN 
RF POWER LABS 
TEMPO 
T F N  TEC 

MASTER CHARGE & VISA ACCEPTED SAME D A Y  SHIPMENT ON M O S T  ITEMS I WILSON 
YAESU - AND MORE 

WITH A 

TELREX "BALUN" FED-"INVERTED-VEE" KIT 

THE IDEAL HI-PERFORMANCE 

INEXPENSIVE AND PRACTICAL TO INSTALL LOW-FREQUENCY 

MONO OR MULTIPLE BAND, 52 OHM ANTENNA SYSTEM 

Telrex '*Monarch" (Trapped) I.V. K t t  
Duo-Band / 4  K W P  I.V. K l t  $63.50 

post pa id  Cont inenta l  U.S. 

Op t imum,  full-size doub le t  performance, independent o f  ground condit ions! "Balanced- 

Pattern", l o w  rad ia t ion angle, h igh signal t o  noise, and  signal t o  performance rat io! 
M in ima l  support costs. (exist ing tower ,  house, tree).  A technician can resonate a 

Te l rex "Inverted-Vee" t o  frequency w i t h i n  t he  h o u r l  M in ima l  SIWIR is possible i f  

instal led and  resonated t o  frequency as directed! Pattern p r imar i l y  low-angle, O m n i -  
direct ional,  approx.  6 D B  n u l l  a t  ends! Costlv, lossy, antenna tuners n o t  required! 

Complete  s impl i f ied instal lat ion a n d  resonating t o  frequency instruct ions suppl ied w i t h  
each k i t .  ,--.- 

F O ~  technical data and  prices o n  complete  
~ e l r e x  line. w r i t e  f o r  Catalog P L  7 (HUH) 

I Oak Hill Academy 
Amateur Radio Session 

1 9 t h  I ' t w r  - ]II/I, 20 t11r11 /III:II.\! 11,  1978 I 
I Wv hnvv r ~ n v ~ l  ,,ttr lat~dti8tr> ~ t n l  I S  miles 

l n ~ m  cnnr D~C\ . ICI I IS 'ill,. III the. 0.ak Hi l l  A n d -  I 

I ~ q t u i h  811 \Vilvm. Vtr~in8t8. 
Our  arr<+tt~ent,cl:tt~onn nrc. now the finest one 
c ln~ ld  IIIIIX. fc~r \oite1 ~n ;I hesttntifol Drum 
wnth huth for  ~.:~ch fqnur stt~dent\. Lwe ly  SIXI- 
,.,,,as< I,,I,I,V *I~,I fine rwrv2,ti,,,, n,oVn on the I 

I 
..... ~~. 

luwrr lt.vri n f  the dorm. 
O;$k Hi l l  Aca~lvnr~y !s the Appnlitchinn bloan- 
t;utnr V ~ r ~ i n l i t  ~fft-rs itn intensive twu week 
H.t<lh, S r s s ~ r , ~ ,  ~n azrle and thrcory startinc at I 

: C. L. PETERS. K4DNJ. Director 
I Oak Hi l l  Academy Amateur Radlo Session 
1 ~ o u t h  of W~lson. Virgnn~a 24363 6 

I I Name- c a l l  I 
I 

I A d d r e s s .  - - ' ! 
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t-, DSI INSTRUMENTS INC. 
DS/ I Be the one who's on FREQUENCY!! 

. . .  With your DSI Counter. .save the shop c o s t  o f  tweaking xtals. 

know you r  f requency.  . . f r om 160 m e t e r s  t h r o u g h  450 MHz. N o w  DSI 
o f f e r s  the most c o u n t e r  f o r  your dollar. La tes t  s tate-of- the-ar t  

techno logy . .  .DSI advanced LSI design fa r  exceeds o u t d a t e d  TTL. 
Go with t h e  leader . .  .buy a DSI FREQUENCY c o u n t e r  and SAVE 
T IME& MONEY!! 

MODEL 3500 $149.95 
Includes TCXO rt 1 PPM 

. MADE IN USA-Factory assembled-2 HI 6urn.m Tesl EL Callbralaon . Bull1 tn BOOMHz Prescaler wllh RF Preamp-Not an addon . 7 Larpe Brtghl-H lnch LEO Readouts 
Resolut~on-1OHz Non Prescaled lWHz Prescaled. 1 sec Gate . ACCURACY t 1 PPM t one counl r 1 PPM par 11% montha from 6.5' . SENSITIVITY-M MvRms 1M lo .?%MHz 1WMv Q 450MHz 
Gale Time Ltpht-Aulwllc Declrnal Polnl Placemenl 
Automattc Leadlng Zeta Blanktnp When No lnput Slgnal IS Present 
NO RF Connectlon Requlred wl lh Supplied Antenna . Sm39 Connectors Supplled lor Dlrecl Probe Input . AC or DC Opeallon-115 VAC SQmO Hz 8 5V  to 13 5 VDC O 300mr 
Comprehenrlve Owmn Manual ~ 8 t h  Complete Schemal*cs 
Saze 2 718 H x 8 W x 5 Deep 

MODEL 3600A $199.95 
Includes oven timebase + .5 PPM 

MADE IN USA-Faclory Assembled-8 Hr Burn-m Tesl EL Calibration 
Bull1 ~n MMMHz Prescaler EL RF Preamp-No1 and addon . 8 Large Brlphl-Y, Inch LEO Readouts . Two Selectable Gale Tlmes- 1 sac L .1 aec 1MHz 10 MMMHz 

'F lo B S F  Accurmcy + 5 PPM f one count f 1 PPM par six months lrom 50.F to 1M'F 
S.nallirity-1OMvRms 150 to 2MMHz MMv @ 4MMHz 
Gate tame L Oven L~ghl-AuI~n.1Ic Declmal Po~nt Placement 
Automat~c Leadtnp Zero Blankmg-When No lnput Slpnal 1s present 
NO Dlrecl RF Connectlon Required-With Supplied AnlenM . SO230 HIZ lnput SOH2 lo 75MHz-SOZJO Low z IOMHz IoMMMHz . AC or DC Operatton 115 VAC M1BO Hz, 8 5V lo 13 SVDC g 4Mha  
MHz to BOOMHz Sone or Square Wave lnpul - FCC C.rllllablo-Des~neo lor the Pfolea$#onaI Servlca Technlclan 
Resolul~on 1 Hz hon.Prescalnd 10r(z PreScale.3 O 1 sac. Gale 

PERFORMANCE YOU CAN COUNTON 
1. PPM OVER TEMPERATURE RANGE With a spec. of * 1 PPM over 50'F to 100eF, your worst error 

over temperature would be * 145Hz, when measuring 145 MHz. This is the most important specifi- 
cation for any frequency counter because temperature variation of only a few degrees could have a 
drastic effect on the accuracy of your counter. 

2. PPM LONG TERM With a spec. of 2 1 PPM per six months, your additional error would only be 145Hz 
when measuring 145MHz, six months after calibration. 

3. LAST DIGIT ERROR All counters have an error in the last digit, if the last dlglt should read a 5 i t  could 
be a 4, 5 or 6. When you have 10 Hz resolution (last digit represents tens of Hz) your additional error 
will be * 10 Hz. 

4. TOTAL ERROR The overall error of a counter Is the sum of the error due to temperature variation, 
last digit error and long term error. A simple * 1 PPM spec. with no mention of temperature or ageing 
could conceal a much larger overall inaccuracy. Example: * 1 PPM at 75'F is 145Hz at 145MHz, 
but the same counter might be in error 1 KHz or more at only 85'F. 

VISIT US AT YOUR NEXT HAMVENTION 
Dallas, TX, June 17-18 Greensboro, NC, July 29-30 

_-1----__-__--_1-__--------------------------------------------------------------- 

See Your Local Dealer - - -  ~ -~ 

or 
Call Toll F m  (800) 854-2049 DSI Instruments Inc. 

NO EXTRA COSTS 

FREE shipping anywhere in U.S.A. 
Name ............................ 
Address 

:Strongest warranty In the counter field. : 
City S t a t e L i p  Code ONE YEAR Parts and Labor - 

Please send more information on your full line of instruments Satisfaction Guaranteed. ............................ Check Enclosed O C.O.D. 
Please charge my: 0 Bank Americard Vlsa Master Charge AE 

Card 0 Exp. Date 
Signature 

Dennis Romack WAWY1 
VP Marketing, DSI 

California Residents add 8% State Sales Tax and Call Collect (714) 565-8402 
c 7914 Ronson Road No. G, San Diego, CA 921 11 I 



The MFJ-901 Versa Tuner also 
uses an efficient airwound coil, han- 
dles up to  200 watts, and has a built- 
in 1:4 balun for balanced lines. It 
matches all types of transmission 
lines (coax, balanced lines, random 
wire) are virtually all types of anten- 
nas from 1.8 through 30 MHz. It is an 
ultra compact 12.7 x 5 x 15 cm (5 x 2 

products x 6 inches) and uses SO-239 coax 
connectors and oualitv. five-wav 

For literature o n  any of the  n e w  binding posts.  hi MFJ:~~ I  versa 
products ,  use o u r  Check-Off Tuner sellsfor $59.95. 
service o n  page 150. 

MFJ antenna tuners 
MFJ Enterprises has introduced a 

series of three new antenna tuners, 
using efficient, air wound coils, pro- 
ducing less loss than a tapped toroid. 

The versatile, top-of-the-line MFJ- 
441 Versa Tuner II features built-in 
swr and dual range wattmeter (300 
and 30 watts full scale), antenna 
switch for selecting two coax-fed an- 
tennas, random wire or balanced line, 
and tuner bypass, and a 1:4 balun for 
balanced lines. It handles up to 300 
watts of rf power and matches di- 
poles, inverted Vees, random wire, 
verticals, mobile whips, beams, bal- 
anced lines, and coax lines from 1.8 
through 30 MHz. 

This beautiful little tuner is housed 
in a deluxe, eggshell white Ten Tec 
enclosure with walnut grain sides 
and is a compact 20 x 5 x 15 cm (8 x 
2 x 6 inches). SO-239 coax connec- 
tors are provided for the transmitter 
input and all coax fed antennas, while 
quality, five-way binding posts are 
used for balanced line, random wire, 
and ground connections. 

The MFJ-941 Versa Tuner II sells 
for $79.95 and comes complete with 
mobile mounting brackets. 

The MFJ-900 Econo Tuner is the 
same as the MFJ-901 Versa Tuner 
except that it does not have the 
built-in 1:4 balun for balanced lines. 
Price is $49.95. 

The MFJ-941 Versa Tuner II, MFJ- 
901 Versa Tuner, and the MFJ-900 
Econo Tuner are all available from 
MFJ Enterprises, and each has a 30- 
day money back trial period. MFJ 
also provides a one year, uncondi- 
tional warranty. 

To order, call toll free 800-647-8660 
or write to  MFJ Enterprises, Box 494, 
Mississippi State, Mississippi 39762. 

mobile antenna matcher 
Barker & Williamson offers their 

new model AT-200 antenna matcher 
for matching two-meter amateur 
mobile transceivers to  automobile 
a-mlfm broadcast receiver antennas. 
The model AT-200 is intended to pro- 
vide the theft-foiling benefits of dis- 
guised and "hideaway" antennas at 
lower cost, and to eliminate the nui- 
sance of constantly putting up and 
taking down a second antenna. 

The new unit consists of a tunable 
matching network, an output indica- 
tor, and a selector switch, in a com- 
pact case. It is furnished with two 

coaxial cables for connections to the 
entertainment radio and the two- 
meter rig. The connecting cables 
have a Motorola-type connector for 
the entertainment radio and a PL-259 
connector for the two-meter rig. The 
front panel contains a tuning knob, a 
two-position (a-mlfm or two-meter) 
selector switch, and an output indica- 
tor light. The unit is supplied with a 
mounting bracket and installation in- 
structions and will handle 100 watts 
from the transceiver. 

The model AT-200 antenna match- 
er is available through Barker & 
Williamson distributors and dealers 
at an introductory price of $22.50. For 
additional information, call or write 
Barker & Williamson, Inc., 10 Canal 
Street, Bristol, Pennsylvania 19007. 

powerlswr meter 

A new power/swr meter, with an 
swr accuracy 100 times better than 
typical meters, is now available from 
Communications Power. The CPI 
Model WM-7000 uses a 30 dB di- 
rectional coupler which provides 

accurate swr readings to a ratio of 
1.1:l. Most other swr bridges use 10 
dB directional couplers, accurately 
reading to only 2.0:1, and even some 
of the more expensive meters only 
use20 dB direction couplers. 

The CPI WM-7000 reads peak or 
average power for  accurate ssb 
power measurements, facilitating ad- 
justment of microphone and speech 
compressor controls. The big 9 cm 
(3-112-inch) meter allows easy read- 
ing on three scales: 20, 200, and 
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7 SCR 1000 - 
1000 watts. The unit covers the 1.8 
MHz-30 MHz frequency range (160 
through 10 meters). 

Further information on the CPI 
WM-7000, and the company's com- 
plete line of high technology Ameri- 
can-made communications gear, is 
available from Robert Artigo, Com- 
munications Power, Inc., 2407 
Charleston Road, Mountain View, 
California 94043. 

lightweight headphones 
from Telex 

To overcome extraneous noise, 
and at the same time provide extra 
comfort and performance, Telex 
Communications, one of the world's 
leading manufacturers of professional 
communications equipment, offers 
the radio amateur three lightweight 
headphone models. All three models 
have magnetic transducers with 
rising frequency response, making 
them particularly well suited for 
communications-quality audio use. 

Headphones concentrate the sig- 
nal at the ear, overcoming ambient 
noise and room acoustics. Also, they 
allow the operator to work without 
disturbing others, which is not possi- 
ble with a conventional speaker. Ad- 
ditionally, the operator is able to more 
easily hear and understand weak sig- 
nals than when using a speaker. 

The HTC-2 is an over-the-head 
unit. This is Telex's lightest twin re- 
ceiver unit, widely favored by pilots, 

r 

I Standard of Comparison 
IN VHF FM REPEATERS! 

2M & NOW 220 MHz! 

Optional Cabinet $130.00 

I Now Available &th Autopatch l 
Now Spec Comm has taken the hassle out of putting an auto- 
patch repeater on the air! The SCRlOOOlSCAP is a fully self-con- 
tained 30 watt repeater with built-in autopatch and land line con- 
trol. You simply plug in the phone line, hook up the duplexer, and 
you're on the air! The usual months of problems are eliminated! 
The SCR10001SCAP has been meticulously engineered to provide 
the smoothest performing patch together with a positive land line 
control of the repeater. Just look at all these features: 

Features: 
Normal patch, or secure "reverse" 
patch 
3 digit anti-falsing access - single 
digit disconnect 
3 digit omoff control of repeater 
transmitter 
Wide range audio AGC on input 
and output 

4 sec. tlme limit on access 
Built-in adjustable time-out func- 
tion - patch shuts down in 30-90 
sec. If no carrier is received 
User can mute phone line audio 
simply by keying his mic button - 
prevents embarrassing language 
from being repeated 
Patch access and repeater control 
- either over the air or over the 
land line 

The SCRlOOOlSCAP Is a complete Autopatch Repeater - fully assembled, set-up and 
checked-out In our lab. As wlth all Spec Comm products, all workmanship and components 
are of the very highest quality. The price? A very reasonable 6t585.00 - complete! ($2080.00 
wlWP641 Dupleuer.) (For Rptr., wlo FL-6 Rcvr. Preselector, deduct $85.00.) Gel your order in 
A.S.A.P. 

The SCR 1000 - the finest repeater avallable on the amateur market . . . often 
compared to "commercial" units selling for 3-4 times the price! This is a 30Wt. 
unit, with a very sensitive 8 selective receiver. Included is a built-in AC Supply, 
CW IDer, full metering and lighted status indicatorslcontrol push buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch. etc. 
Custom options avallable: Duplexers, Cable, 'PL', HllLO Power. Touch Tone 
Control, Racks, etc. Inquire. 
The Spec Comm Repeater System . . . a sound investment.. . available only by 
direct factory order. SCRlOOO w1FL-6 Rcvr. Preselector $1035.00. ($950.00 wlo 
FL-6.) Commercial price somewhat higher. 
A Full Line of Repeater Boards & Assemblies Are Also Available: 
Inquire. 

Call or write today and get the details! Send for Data Sheets! 

SPECTRUM COMMUNICATIONS 
\ . 1055 W. Germantown Pk., Norristown PA 19401 (215) 631.1710 . 

More Details? CHECK-OFF Page 142 



' our l i t t le  boxer 
replace a lot of cable ! 

.select any o f  f i v e  antennas a t  the 
turn  o f  a knob, w i t h  lust o n e  
f eed l i ne  a n d  o con t ro l  cob le  t o  
t h e  r e m o t e  s w i ~ c h i n g  un i t .  

.saves coox,  s i r np l~ f i es  s ta t i on  l a y o u t  I 

.handles 4 k w  p . e  p.. 

. o the r  mode l s  l o  n i n e  pos i t i ons  I . f u l l  o n e - y e o r  w o r r o n t y .  I 
m o d e l  sw.5  h e a v y  d u t y  - 

REMOTE CONTROLLED A N T E N N A  SWITCH - $ 1 3 5 9  plus $3  sh ipp ing a - 
o r d e r  d i r e c t  o r  w r i t e  f o r  b r o c h u r e .  

ANTENNA MART 5 1 5 - 2 9 2 - 7 1 1 4  

b o x  1010. I.S.U. s t a t i on ,  ornes, i o w o  5 0 0 1 0  

I broadcasters, and hams. The dual 

THE ALL NEW DRAKE 
TR.7 TRANSCEIVER 
is the talk of the town 

. --. _ 
T. -. ^T-. - -- * 

It took Dayton by storm and 
Is now sweeping the nation.. . 

Here's why.. . Just look at these features: 
Covers 10 - 160 meters.' Fnquene). Counter lo 150 MHz wllh dlpII8l option. 
Brwdband, solid-stfle daslgn. Osslgned 6 manulaclured in U.S.A. 

B Rogramm8ble auxlll8ry coverage. 250-wan Input wllh lull VSWR proteclion. 
B Up-conversion melver lor superlor dynamlc range. True passband tunlng. 

Synlheslzed PTO. CW SSB RTTY AM Wpabllhy. 
B Indopendent recelve salectlvhy. Bulll-In VSWRfwllS-mstm. 

MATCHING ACCESSORIES: 
RemoleVFO AM tllter Mobile mount 
Malchlng Speaker RTTY tllter Antenna tuner/wattmeter 
Dig~tal read-out board 2 CW lilters. 300 Hz. 500 Hz Wattmeler1VSWR brldge 

1201240-volt widerange Fan (lor RTTY) Aux.7 Expanded recelve 
power supply Noise blanker Capablllty 

'includes Capablllly tor MARS. Embassy, and Government frequencies, and ~0161ble lulure Amdleur-Band 
expansfon Recetvel COvelageContlnuO~S lrom 1 5 - 30 MHz. and 0 - 1 5 MHz wllh Aux.7 

Come on in and see for yourself; better still. . . 
ORDER YOURS TODAY - FROM KLAUS RADIO 

Send SASE NOW for detailed Info on these systems as well as on  many other fine 
lines. Or, better stilt, v is i t  our store Monday t h ru  Friday f rom 8:00 a.m. t h ru  5:00 p.m. 
The Amateurs a t  Klaus Radio are here t o  assist you i n  the selection of the opt imum 
unit to ful l f l l l  your needs. 

WLAUL RADUO lnc. 
8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE - Phone 309-691 -4840 

magnetic receivers rest on the opera- 
tor's temples with the sound fed to 
the ears through adjustable, ball- 
and-socket mounted tubular arms. 

+ 

This system permits either or both 
sound arms to  be turned away for 
conversation without removing the 
entire headphone. 

Two of the Telex units are under- 
the-chin style: the Model HMC-2 
featherweight offers a magnetic driv- 
er-element positioned between the 
adjustable anodized-aluminum tone 

1 arms for optimum sound reproduc- 
tion. The plastic eartips are remov- 
able. The Model HFC-91 provides a 
millisecond delay between ears by 
means of a magnetic element that 
channels the signal through the 
acoustic tubes, resulting in greater 
depth and clarity of the signal. The 
comfortable foam ear cushions are 
easily removed for cleaning and re- 
placement. For single ear use, the 
driver element snaps onto the Nylon 
earloop. 

For more information and a catalog 
of the Telex line of equipment, con- 
tact Otto Janssen at Telex Communi- 
cations, 9600 Aldrich Avenue South, 
Minneapolis, Minnesota 55420. 

two-meter transverter 
Hamtronics has announced the 

VX2, a new 2-meter ssb transverter 
which you can use for Oscar mode J 
operation. Of course, it may be used 
for Mode A and simplex activity as 
well. The new model VX2 transverter 
is constructed on a pc board, as 
shown in the photo. The kit is easy to 
build and align, with convenient test 
points at each stage. 

The kit intended for use with 10- 
meter ssb exciters, but some have 
been used with recycled 11-meter 
ssb units for inexpensive Oscar op- 
eration. Various frequency schemes 
are available to  accommodate dif- 
ferent types of exciters. The trans- 

I verter requires only 5 m W  of drive to  

More D e t a i l s ?  CHECK-OFF Page 142 



provide 2W PEP output. Many of the 
newer exciters have a low power out- 
put  connection, and older ones can 
either' be modified or used wi th  an 
attenuator t o  provide the required 
drive. Perhaps the best feature of this 
new transverter k i t  is the economical 
price - only $59.59. 

T w o  linear power amplifiers are 
available for higher power output: A 
model LPA2-15 provides 15 w a t t  
PEP; and model LPA2-70 provides 70 
wat t  PEP output. A cycolac case is 
also available for the transverter and 
PA as an option. 

For more information write for a 
free catalog on these and other vhf 
and uhf kits, including preamps and 
converters fo r  Oscar frequencies. 
Hamtronics, Inc., 182-F Belmont  
Road, Rochester, New York 14612. 

high-power VHF 
mobile antennas 

A line of mobile antennas wi th  high 
power ratings, covering the six and 
two-meter frequency ranges, has 
been introduced by Antenna Incorpo- 
rated. The six-meter antennas feature 
200-wan loading coils; the two-meter 
antennas are available wi th  either 150 
or 200-wan loading coils. They are 
available w i t h  314- inch toggle 
mounts, cowl mounts, and no-hole 
trunk-lip mounts. Also available are 
100-wan models wi th  either the same 
mounts, or w i th  318-inch snap-in, 
spr ing-cl ip gut ter ,  and  magnet  
mounts. Loading coils are tuned a t  
the factory t o  achieve a standing 
wave ratio of 1.5:1 or less, and each 
antenna includes a cutt ing chart so 
the whips can be field trimmed to  
exact frequencies. 

Each antenna features a plated 
stainless steel whip for low resistivity 
t o  combat skin effect, stainless steel 
impact spring, shock-resistant and 
weatherproofed PVC-wrapped load- 
ing coil, and 17 feet of  coaxial cable 
w i t h  a soldered PL-259-type con-  
nector. 

All Palomar Engineers products are 
mads In U S A Slncs 1985 menulRFt1 
ol Amatsur Radlo equipment only 

All Palonur Englnrm pmducls arm 
nud. In U.S.A. S l m  1885. nunulr(unn 
ol Amateur Rdlo equlpmart only. 

Here Is an excltlng new device to Improve your reception on 160, 80, 
the broadcast band, and on VLF. 
I t  is well known that loops pick up far less noise than most other 
antennas. And they can null out interference. Now Paiomar Engineers 
brings you these features and more in a compact, carefully engineered. 1 attractive desktop package. 
Unlike ordinary direction-finder loops, it tllts to match the Incoming 
wave front. The result: Deep nulls up to 70 db. You have to listen to 
believe i t !  
Does the Loran on 160 glve you a headache? The loop practically 
ellmlnates It. Broadcast station 2nd harmonic ruining your DX? Turn 
and t i l t  the loop and it's gone. Does your friend in the next block with 
his kilowatt block those weak ones? Use the loop and hear him fadeout. 
Loop nulls are very sharp on local and ground wave signals but usually 
are broad or nonexistent on distant skywave signals. This allows local 
interference to be eliminated while DX stations can still be heard from 
all directions. 
The loops are Litz-wlre wound on RF ferrite rods. They plug into the 
Loop Amplifier which boosts the loop slgnal 20 db and isolates and 
preserves the hlgh Q of the loop. The tuning control peaks the loop and 
gives extra preselection to your receiver. 
Plug-in loops are available for these bands: 

150-550 KHz (VLF) 
540-1 600 KHz (Broadcast) 
1600-5000 KHz (1 60 8 80 meters) 

Send for free descriptive brochure. 

Order dlrect. Loop Ampllfler $67.50; Plug-in Loop Antennas $47.50 
each [speclfy frequency band]. Add $2 packlnglrhlpplng. Callf. 
residents add sales tax. 
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[\ Send f o r  F R E E  Catalog 

TRANSMATCH PGc 

. PARTS PC* s,e.95 
ocbL 

LOOK ATTHESE PRICES. LOWEST YET: 
154-10 Single su t lon  350 pf. transmlttlng capacltor. 154-507 Duel-swtlon 192 pf. swtlon 
transmlttlng upacltor. 229-103 Roller Inductor 28 C h  by Multronlcs. 3902-1 Turns Counter 
by Barker & Wlll lamwn. SEPARATELY PRICED AT $163.80 NOW $129.95 

WE ALSO STOCK THE OTHER TRANSMATCH PARTS. 

POPULAR TOROlD We Stock a Complete 

ASSORTMENT Line of Powdered Iron 
and Ferrite Products. 

CONVENIENCE AN0 LOWER COST 115.50 Value for $9.95 
INCLUDES: 2 PCl. e ~ h .  T25-2. T25-6. 737-2. T37-6. T37-10. 737-12. TSO-10. TSO-12. 

TBO-10. TSO-2, T8O-6. T94-2. 3 pcs. each. TSO-2. TSO-3. TSO-6. T88-2. T88-3. T68-8 

AND CONVENIENT STORAGE BOX AND SPEC SHEETS 

TRANSMATCH BALUN SPECIAL 3 T200-2 c o r n  plus 20' 114 Teflon Covered Wire 
SAVE 53.45 TBS KIt  ................................................ $9.75 

FERRITE BEAD ASSORTMENT 
Includes eonvenlent plastlc storage box end ona dozen each of FB43-101. FB43-801. 
FEW-101. F864-801. FB73-101 and FB73-801 plun new n p n  sh~ets.Valua $7.50 for 16.95 

Add 52.00 to u c h  order for shlpplng end hmdllng. Prlcas sublwl to change. 

1 sec. 150 MHz 
The New Model CTR-2A Serles Counters are deslgned and bulit to  the hlghest standards 
to fulflll the needs of commerclal communlcatlons, englneerlng labs and serious experl- 
mentors. Wlth an accuracy of + .00005% (oven optlon) the CTR-2A can handle the most 
crltlcal measurements and Is about half the cost of other commerclal counters. 

If you need a reliable counter at  an affordable price, the CTR -2A is the answer. 

Bui l t - in Pre-Amp 10 m v  @ 150  M H z  Period Measurement (Opt ional)  
8 D i g ~ t  .3" L E D  Dtsplay Inpu t  Diode Protected 
High Stabi l i ty T C X O  T ime Base 12V-DC Opera t~on  (Opt ional)  
Bu i l t - in  VHF-UHF Prescaler Oven Control led Crystal (Opt ional)  
Automat ic  D p  Placement + .5 p p m  
T C X O  Std. i 2 p p m  Selectible Gate Times - 1 & 1 sec. 

500 MHz Kit  CTR-2A-500K . . . . 
500 MHz Assembled CTR-2A-5WA 
1GHr Kit CTR-2A-1000K . . . . . 
1GHz Assembled CTR.2A-1W0A . 

OPTIONS.. . . 
02) Oven Crystal $49.95 051 10 sec. Time Base $ 5.00 
03) .43" LEO 10.00 06) Period 15.00 
MI 12 V-DC 10.00 071 Handle 10.00 

DAVIS ELECTRONICS 636 Sheridan Or.. Tona.. N Y .  14150 7161874-5848 J 
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The 200 watt two-meter antennas 
also feature Antenna Incorporated's 
new high-power coaxial cable. While 
the 150 watt high-band and 200 watt 
low-band antennas include RG/58-U 
cable, this cable cannot safely handle 
200 watts of power on two meters. 
Antenna Incorporated's high-power 
cable has performance characteristics 
similar to RG8/U, but in a smaller 
size, thus eliminating the problems of 
using the larger cable in mobile appli- 
cations. 

"These antennas also are part of 
Antenna Incorporated's professional 
land mobile line and have been de- 
signed to meet the needs of high 
power communications users," sales 
manager Randall Friedberg said. 
"They offer the amateur the best in 
antenna quality and dependability." 

For further information on the 
company's complete line of com- 
munications antennas and acces- 
sories, contact Randall J. Friedberg, 
Antenna Incorporated, 23850 Com- 
merce Park Road, Cleveland, Ohio 
44122. Phone (216) 464-7075. 

nye viking master key 

The William M. Nye Company 
announces a new addition to their 
NYE VIKING line of products with the 
introduction of the M A S T E R  KEY. 

Called the first major design change 
in telegraph keys in over 50 years, it 
is designed for the expert, yet is per- 
fect for the beginner. 

A prime feature of the Master Key 
is a contact assembly that is elec- 
trically isolated to keep the keying 
circuit separated from the base, the 
key arm assembly, and all exterior 
metallic parts. Thus, the shock haz- 
ard is greatly reduced. With its heavy 
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die-cast body and non-skid feet, the 
key does not need to be secured to 
the operating desk, nor does i t  re- 
quire a sub-base. As with all NYE VI- 
KING keys, the contacts are gold- 
plated'silver for sharp, sure sending. 
The base of the Master Key has a 
black wrinkle finish with nickel plated 
exterior hardware. The adjustable 
action key arm is fined with a Navy- 
style knob. The Master Key comes 
complete with 90 cm (3 feet) of two- 
conductor cord with attached plug. 
The list price is $19.50 

This new product joins the famous- 
for-quality NYE VIKING line, which in- 
cludes Speed-X and Super-squeeze 
Keys, Iambic Keyers, Low-Pass Fil- 
ters, Antenna Impedance-Matching 
Networks, and Phone Patches. All 
are manufactured by Wm. M. Nye 
Company, Inc., 1614 - 130th Avenue 
NE, Bellevue, Washington 98005, 
and available at dealers nationwide. 
Write for more information. 

new OSCAR book 
What's OSCAR? It's a series of 

communications satellites designed 
and built by amateur radio operators. 
The best thing about them is their 
accessibility - anyone with an in- 
expensive receiver and simple anten- 
na can hear the tiny satellites as they 
pass overhead, and persons holding 
amateur radio licenses can transmit 
voice and Morse-code signals up to 
them as well. 

OSCAR is an acronym for Orbiting 
Satellite Carrying Amateur Radio. A 
new book published by The American 
Radio Relay League provides every- 
thing the interested electronics and 
space buff needs to know to track, 
listen to, and transmit through the 
spacecraft. This new book, Getfing 
to Know OSCAR - From the Ground 
Up is a complete guide to the ama- 
teur satellites. Its 14 sections include 
an introduction to the exciting world 
of space communications, the equip- 
ment needed, a description of the 
brand-new OSCAR (and future ones 
now under construction), and a dis- 

made this good. 

/ / 
I 

i I 
... every tower in 
the world should be 

. 1111 TOWER CORPORATION 
7l82 Rasmussen Avenue. Visalia. CalHornia 93277 

Once In a while something really blg 
comes along Ilke Trl-Ex's all new W-80. So blg 
we decided to call it the "Big W'! 

It's the big one of Tri-Ex's " W  Series 3 towers. 
Early on was the W-51. A superb per- 

former and very popular stlll. 
Last year came the W-67. Higher, bigger, 
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stronger. 
Now the W-80, Tri-Ex's "Blg W tower. 

Exce l len t  Per fo rmance 

I 
Provides good DX capablllty a t  low 

costs. And If you're watchlng the sunspot 
cycle-it's now on  an upswing for better than 

d avera e transrnisslon and reception. 
" l i g  W" Is a free-standing, crank-up 

tower that goes a full 80-feet up. You can 
lower it with relative ease under windy condi- 
tions using "Big W's" comfortably positive 
pu l ldown cable to protect your antenna load. 

Inherently St rong  
Aswlth all "W" Series towers, the W-8OIs 

made of hi h strength steel tubing legs with 
solid rod "&" braslng. Stable? You bet! 

Hot dlpped galvanized a f t e r  fabrication. 
Long lasting. Five sections. Included i s  a free 
rigld base mount. And the top plate Is pre- 
drilled for a TB-2 thrust bearing. 

Is Tri-Ex's "BI W" your klnd of tower? 3u Better believe It! rite today or see your 
nearest dealer. Ask about the W-80. It's real. 



= RREfiKS $600 PRICE BARRIER 

with the all-new 

~rnerican-made DTR-1 hf transceiver 

500 Hz & 1 kHz VOX and PTT.. . 
Active Audlo Filters Standard 

TOO GOOD 
to be seen 

'ti1 AUGUST 
Digital Readout.. . No Final Shutdown 

Standard! works into any load! 

Other Features . 10 - 160M full coverage . 2.3 kHz 8-pol8 SSB l i ter  . Noise blanker . All Solid State W 9 MHz 1-1 . 25 kHz calibraor 

Plug-in boards . RIT + 5 kHz 

8 Semi-break-in CW with sidetone 

ORDER NOW for August Delivery 

$59g50 
AC Power Supply $99'' 

Hams Serving Hams Since 1939 

ELECTRONIC DISTRIBUTORS, INC. 
1960 PECK STREET MUSKEGON, MICHIGAN 49441 
TELEPHONE(616) 726-3196 TELEX 22-841 1 

f 
MFJ INTRODUCES A NEW \ 

24 HOUR DIGITAL CLOCK 
with HUGE 1-518 inch digits that you can keep set to GMT. 
Alarm and snooze functions let you use it as an ID Timer. 
Assembled, too! 

2gg5 
MFJ Entsrplses brings you a new 24 hour lund (less shipping). One year limited warranty 

digital alarm clock w ~ t h  HUGE 1.518 inch orange by MFJ Enterprises. 
7 segment dig~ts that you can see clear across To ordn, simply call us toll free 800.647.8660 
the room. and charge it on your VISA or Master Charge 

This one Is sMclly for your ham shack, one or mail us a check or money order lor $29.95 
that you can leave set to GMT. No more mental plus $2.00 for shipping and handling. 
calculations to get GMT. Don'l wall m y  longer to enjoy the convenience 

Use the alarm to remind you of a SKEO or of a "Hams Only" clock. Order today. 
with the snooze function as an I0 timer to buzz 
you in 8 minute intervals. MFJ ENTERPRISES 

A constantly changing kaleidoscopic pattern p. 0. 494 
indicates cont~nuous operation. Miss iss ippi  State. M S  39762 

Bclge. 2-114 x 4.118 x 8.314 inches. UL listed. 
Requlres 1 2OVAC. 60Hz. Call Toll Free . . . . 800-647-8660 

Order horn MFJ and try it - no obligation. If For  order  s tatus a n d  repai r  s tatus a n d  In 
Qt delighted. return 11 within 30 days for a re- Mississippi. ca l l  601-323-5869. J 

cussion of their many practical uses, 
such as relaying of medical data over 
long distances. Each copy also con- 
tains an attractive four-color tracking 
device that makes finding the satel- 
lites a simple task. 

Every amateur radio operator, 
short-wave listener, electronics en- 
thusiast, and technician now has 
access to  all he will need to know to  
enter the space age via OSCAR. 
Getting to Know OSCAR - From the 
Ground Up is available for $3.00 plus 
35C postage from Ham Radio's Com- 
munications Bookstore, Greenville, 
N e w  Hampshi re  03048. Order 
AR-OSC. 

antenna center i n s u l a t o r  
from Hy-Gain 

---' -.- ---- 

The engineering group a t  Hy- 
Gain Electronics has introduced a 
new center insulator unit for multi- 
band doublet antennas such as the 
Hy-Gain Model 380 (2BDQ). The new 
insulator, Model 157, has a built-in 
SO-239 for easy hook-up to a PL-259 
on attaching coaxial cable. The in- 
sulator is molded from high-impact 
ABS plastic and all internal connec- 
tions are fully weatherproofed and in- 
sulated with silicone for complete 
reliability under all environmental 
conditions. 

All hardware is iridited to  resist 
corrosion. Hardware is provided on 
each end for positive antenna attach- 
ment and an eyescrew is attached to 
the top of the insulator for stringing 
support wires for the antenna. The 
Model 157 will handle 1 kW average 
power and 2 kW PEP. 

For further information on the new 
Hy-Gain doublet antenna center in- 
sulator or other Hy-Gain amateur 
products write: Hy-Gain Electronics, 
8601 Northeast Highway Six, Lin- 
coln, Nebraska 68505. 
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HIGHEST QUALITY 

MADE IN ALUMINUM 

+ TILT OVER MODELS 
QUALITY MADE 

COMMUNICATIONS 

MANY MODELS MFG 

Towers to 100 feet Specials 
des~gned & made See dealer 
or send for free catalog 

0 T H E  EASY W A C  
B a l e d  o n  m o d e r n  
p s ~ ~ h o l o g ~ c a l  technl- 
ques - This course wlll 

v ,  
take you beyond 13 
w p m  In 

LESS T H A N  $9.95 H A L F  T H E  T I M E 1  

N O  Books T O  Read 
Album contalns NO visual G l m m ~ c k s  

T O  Dlstract You  three 12" LP's ,,,, ,,,, ,, And 
2% hr. instruction 

Available in cassette also for only $10 95 

P 0 Box 626 .  San Jaclnto. C A  92383  

r*rmyp.rpr--*- -- 
CURTIS S Y S ~ M  4000- 
A U ~ C  cw-mTY 

JRTlS KEYER 
rniP "OW $14.95 

W 3 ' ;  IC only (Pty pricing mllabls) S 14.95 
80433; IC. PCB. Manual (Nw item) . L 24.95 
8043-4; Semi-kit (New item) . . . . . . . S 54.95 

Add for po- s and handlln . . t 1.50 'm  75 MR. Peb 76 PS! R I I I .  I b k  75. A ! rh  IYU 77-11 
EK-430 CMOS Kspr (Fsb 78 OST) . . . $124.95 
iKJ40A Instructoksyar (Mar 76 PST) . $224.96 
SYSTEM UMO Ham Computer (5-100 

b u u  compatible) 
NEW1 Sw Jan 78 Ad In PST or write lor inla . . 

Curtis Eldm ~ev ims,  Inc. m- m 
14151 m-nr 

ham Y # U a M V C U ~  
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You have your own 
calculator. 

Why not a DMM? 

I 
F~nallv, a d ~ g ~ t a l  mult~meter that's tee ~t ' l l  ltve up to published specs for a 

yours,just l ~ k e  your pocket calculator, full year 
and more useful Only $1 69* The 8020A 1s a true field ~nstrument, 

You pack only 13 ozs In your pocket des~gned w t h  a hlghly readable LCD 
or servlce k ~ t ,  but slze is decept~ve The dtsplay, and Inexpenswe 9V transistor 
8020A has more useful features than battery power for cont~nuous use up 
any other multimeter a v a l l a b l e a t  to 200 hours Rel~abll~ty, qual~ty and 
any pnce' Features l ~ k e  26 rangesand value that's Fluke tradttton 
seven funct~ons, ~ n c l u d ~ n g  conduct- To get your hands on one, call (800) 
ance 2000-count resolutron Ht/lo pow- 426-0361, toU free. G~ve us your charge- 
er  ohms card number and we'll shtp an 8020A 

And ~ t ' s  rugged The h~gh-~mpact  the sameday Or, we'll tell you the loca- 
case protects a mlnimurn number of tton of the closest Fluke office or dts- 
component parts (47 ln all), and they're trtbutor (where you can save by buy- 
all read~ly ava~lable from any of the Ing a ten-pack of 8020As for only 
worldwide Fluke service centers Your $1521*) 
8020A IS factory cal~brated by NBS 
traceable equ~pment And we guaran- *U S prlce only 

The DMM for Home Electronics Experts. 

2507-7104 @ 
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Handymen! Hobbyists! 161. 
DO-IT-YOURSELFERS! 
L e t  K e s t e r  Solder aid y o u  in y o u r  home repairs or hobbies. F o r  t h a t  household 
i t e m  t h a t  needs repairing - a  rad io .  TV, model t ra in ,  j ewe l r y ,  app l i ances ,  m i n o r  
e l e c t r i c a l  repairs, plumbing, e t c .  - S a v e  money - r e p a i r  i t  yourse l f .  Soldering 
w i t h  K e s t e r  is a simple, inexpensive way t o  p e r m a n e n t l y  join t w o  me ta l s .  

When y o u  Solder go "First Class" -use Kester Solder. 

F o r  valuable soldering Information send self-addressed stamped envelope to 
Kester for a FREE Copy o f  "Soldering S imp l i f i ed " .  

[B KESIER SOLDER 
4 LittOfl 4 2 0 1  W R I G H T W O O D  A V E N U E I C H I C A G O ,  I L L I N O I S  6 0 6 3 9  

Radio 
Amateurs 
Reference 

Library 
of Maps 

and Atlas 

WORLO PREFIX MAP - Full color. 40" i 21" 
shows pref~xes on each country . . . DX zones 
tmme zonas. caties. cross referenced tables 

$1.25 

RADIO AMATEURS GREAT CIRCLE CHART Or 
THE WORLO - from the center of the United 
States! Full color. 30" x 25". 1~511ng Great Cmr 
cle bearings in degrees tor str majar U.S. cllies: 
Boston. Washington. O.C.. Miam,. Seallle. San 
Francisco & LO% Angeles. $1.25 

RADIO AMATEURS MAP OF NORTH AMERICA1 
Full color. 30" x 25" - rncludes Central Amer. 
8ca and the Carobbean to the equator, showing 
call areas, zone boundarnes. prefixes and time 
zones. FCC frequency chart. plus useful informa. 
toon on each of the 50 United Stater and other 
Countries $1.25 

WORLD ATLAS - Only atlas compiled for radio 
amateurs. Packed wlth wortd-wide information 
- includes I 1  maps, in 4 colors wtth zone 
boundaries and country preftres on each map. 
Also oncl~des a polar ptoiectmn map a1 the 
world olus a man of the Antarctica - a com. 

I plete set o l  maps of ths world 20 pages Slzc 
ax x 12" $2.50 

I Complete reference library of maps - sat of 4 
ss listed above $3.75 

I See your favorite dealer or order direct. 

Ma i l  orders please include $1.25 pe r  order 
f o r  ShiDDinK and  handlina. 



OX OSCILLATOR MXX-1 TRANSISTOR RF MIXER PAX-1 TRANSISTOR 
Crystal controlled transistor type. 3 A single tuned circuit intended for RF POWER AMP 
to 20 MHz, OX-LO, Cat. No. 035100. signal conversion in the 30 to 170 A single tuned output amplifier 
20 to 60 MYz. OX-Hi. Cat. NO. MHz range. Harmonics of the OX or designed to follow the OX or OF-1 
035101. OF-1 oscillator are used for injec- oscillator. Outputs up to 200 mw. 
Spectfy when orderfng. tion in the 60 to 179 MHz range. 3 to depending on frequency and vol- 

$4.95 ea. 20 MHz, Lo Kit, Cat. No. 035105. 20 tage. Amplifier can be amplitude 
to 170 MHz. Hi Kit. Cat. No. 035106. modulated 3 to 30 MHz, Cat. No. 
Specfly when ordering. 0351 04. 

$5.50 ea. 

OF-1 OSCILLATOR SAX-1 TRANSISTOR RF AMP BAX-1 BROADBAND AMP 
Resistorlcapacitor circuit provides A small signal amplifier to drive the General purpose amplifier which 
osc over a range of freq with the MXX-1 Mixer. Single tuned input may be used as a tuned or untuned 
desired crystal. 2 to 22 MHz. OF-1 and link output. 3 to 20 MHz, Lo Kit, unit in RF and audio applications. 
LO. Cat. No. 035108. 18 to 60 MHz, Cat. No. 035102. 20 to 170 MHz. Hi 20 Hz to 150 MHz with 6 to 30 db  
OF-1 HI. Cat. No. 035109. Kit, Cat. No. 035103. ain. Cat. No. 035107. 
Specify when ordering Specrfy whev? ordnrlng pecffy when ordcnng. 

$4.25 ea. $5.50 ea. 
3 

$5.75 ea. 

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

.02% Calibration Tolerance countries will be quoted on request. Address orders to: 
EXPERIMENTER CRYSTALS MIS Dept., P.O. Box 32497. 

(HC 6/U Holder) Oklahoma City, Oklahoma 73132. 

- - 

h 1  

Cat. No. Specifications I I 

031080 3 to 20 MHz - for use in OX OSC Lo 
Specify when orderrng $5.95 ea. 

031081 20 to 60 MHz - For use in OX OSC Hi 
Specify when orderfng $5.95 ea 

031300 3 to 20 MHz - For use in OF-1L OSC International Crystal Mfg. Co., Inc. 
Spectty when orderrng $4.75 ea. 10 North Lee 

031310 20 to 60 MHz - For use in OF-1H OSC Oklahoma City. Oklahoma 73102 
Specify when ordering $4.75 ea. 



CC1'5 DPDT 
PUS" B U T T O L  

100 for $ 2 . 9 5  

ML i n t ~  MINI ASSORTED SIZES 

THESE K E I l - i . ~ i l i l - ~  ni.i  i n ;  . , l i . >  w C W  I N  T W E  B O X .  

FORTY-SEVEN K F * ' . .  MO'. E N C I ~ D C O .  Dl l l i L  MODE AND ERCDIC .  
(EXTENDED B I N A l 2 ,  CLJDIO I T E C I M I L  C I I D E . 1  THE BUTTON K E I  

LNP 9 0  B 60 1 1 . 4 5  

E I W A U S I  na sLor  
115 V O L T  L.C. 

'NEW' M U F F I N  FANS 
< A Y E  =.PEC.Io, A R D V E  

"15 ASSORTMEN1 O r  
0 1 5  APE NEW. WE 

UHF-F/UIIF-F BWC-M/UI(F-F 
DL-258 S1.50 "G ' - 5 "  s 3 . 0 0  

'N'-*,UI(F-F 

G-1.6" SL.25 .I>-:*. i:._i,, l r l r l l  TOwF.. :,UPPLY 
A T  2 B Y  ,?SOYA T H t l Y I L L I  P U C T L C T E D .  

5 - I Z V  A D J V S 1 A R L E  POIEI:  S U P P L I  
h 1  12"  5COMA ADJUSTABLE P O T .  

ALL PARTS I G L U U  
'TRANSFOPMET1 'PC DDlWD 

RTTY for ALL Systems d - 

MODEL 400 

a 

-- . ~ ~~ 

are )deal for mlll~ary. government. commer- supply. In  iddi t !on.  varlous OptlOnS are 
c~al. c lv~ l  defense and amateur appltcatlons ava~lable lncludlng rack mountlng and polar 
The Model 400 front panel dtgttal knob accu- current output. 1,000's OF CRYSTALS 
rately selects shills up to 1000 Hz.  whlle two Wnle or call us lor complele producl de- 
such knobs on the Model 402 independently larls and speohcalrons. Learn why Eleclro- 0 oH25C Case Scanner Monitor 
set the mark and space frequencles Both com' "400 Converters are des~gned not 010.7 Amateur Ham 
models may also be preset w ~ t h  any tonepalr only for today's commun~ca t~on  envlron- 02 Meter, C6, Standard 
between 1000 and 3200 Hz ment, but ultimately to tulf~l l  RTTY requlre- 

Ootlmum oerformance wlth FSK or AFSK ments lor vears to come. 1 to 9 l o t049  5ondur I 

--- 

ELECTROCOM@ "SERIES 400" 
FREQUENCY SHIFT CONVERTERS 

Profess~onally engtneered for outstanding systems IS assured by matched filters pre- 
performance stab~llty and rellablltty the clslon h e a r  detectors baud rate seleclor 
Electrocom' Models 400 and 402 add new blas compensat~on and seml-dlverslly clr- 
dlmenslons o l  compat~btltty between rad~o cultry Operat~on IS enhanced by a CRT 
and teletypewrttersystems Manufactured to monltor autostart w ~ t h  sol~d-state molor 
h~ghest quality standards-an Electrocom sw~tchlng, antlspace markhold EIAIMIL 
lradltlon lor nearlv two decades-these unlts o u t ~ u t  voltaaes and a constant current loop 

k- 
--L, 

10 channels covering - 
all 5 bands. AC/DC operation. 

SAVE '40 $8985 
LIST-'129.95 I 



The way some people 
get attached to their 

~oc&ell-collins equipment 
vou'd thinkwe wkrkttt 
J 

making it anymore. 
But We are, and have been since 1933. 
That's when Collins started out to build a better 
transmitter and became one of the quality and 
performance leaders in amateur radio. 

Rockwell-Collins quality starts with a careful 
and conservative design backed by rigid 
component selection and testing standards. 
And our performance speaks for itself with 
one of the cleanest. clearest signals on the air. 

Whatever the reason, you can be sure that 
when you buy Rockwell-Collins equipment 
you're making a safe investment. 

For more information on the incomparable 
Collins SILine, write or call Amateur Radio 
Marketing, Collins Telecommunications 
Products Division, Rockwell International, 
Cedar Rapids, lowa 52406; 3 191395-4493. 

It's both quality and performance that 
make our S/Line a standard of And Rockwell 
excellence in amateur radio. International 

Maybe that's why people get 
SO attached to their Rockwell- here it 5s. ...-Y-aenambbs- 
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CRYSTAL FILTERS and DISCRIMINATORS I 
9.0 MHz  FILTERS 1 
XF9.A 2.5 kHz SSB TX $33.55 
XF9-R 2.4 kHz SSB RX/TX $47.75 
XF9.C 3.75 kHz AM $51.40 Export 
XF9-D 5.0 kHz AM $51.40 
XF9.E 12.0 kHz NBFM s51,40 Inq t r i r i es  
XF%M 0.5 k ~ r  cw (4 pole) $35.95 I n v i t e d  
XF9-NB 0.5 kHz CW (8  ole) 163.95 I 
9.0 MHz  
XF900 
XF901 
XF902 
XF903 
f.05 
F.06 

CRYSTALS (Hc25/11) 
9000.0 kHz Carrier 
8948.5 kHz USE 
9001.5 kHz LSB 
8993.0 kHz BFO 
Hc25/u Socket Chassis 
Hc25/u Socket P.C. Board 

Shipping 
$1.25 

per fil ler 

VARACTOR TRIPLERS 
The low cat  easy way lo operate an the 432 MHz and 1296 MHz bands. 
For OSCAR j mode 8 drive the MMv432 family varaclor tripler with our 
2 meter lran~mitter. ihe wldebnnd vnraclor Lripierr rover the full 2 ~ ) b 3 2  
band without reluning. 
NO power supply required for varactor triplers; efficiency approximately 509h. 
Three n~odelr available at 432, two at 1296. 

Model Max Drive 

MMv432 3 0  W $65.95 

MMv432M 50  W $85.95 

MMv432H 7 0  W 1125.95 - -- 
MMv1296 2 0  W $75.95 

MMv l296H 3 5  W $99.95 

RECEIVE CONVERTERS 
dm- - MODELS FOR ALL BANDS 50 MHz 

THRU 1296 MHz. LOW NOISE OP. 

TlONS AT 432 MHz. 

STANDARD I.F. 10M. I F  OPTIONS 6M & 2M 
POWER 12V D.C. Shipping $2.50 
M M c l 4 4  N. F. 2.8 d B  typ. 
MMc432 . N. F. 3.8 d B  typ. 
MMc438 /AN Ch2 o r  Ch3 IF  
MMc1296 N. F. 8.5 d B  tVD. -. 
ANTENNAS (FOB CONCORD. VIA UPS) 
144-148 MHz J-SLOTS 
8 OVER 8 HORIZONTAL POL. $12.3 dBd D8/2M $45.95 
8 BY 8 VERTICAL POL. DI/PM.VERT. 153.95 
8 + 8 TWIST $47.65 ., 1,. 

b. 

420450  M H z  

MULTIBEAMS 

48  EL. GAIN +15.7 dBd  70/MBM48 $49.95 
88 EL. GAIN +18.5 dBd  70/MBM88 $73.50 

UHF LOOP YAGlS 
26 LOOPS GAIN +20 dB1 
1250.1340 MHz  1296LY 156.95 
1650.1750 MHz 1691-LY $63:95 

Send Mc (2 summ) for full details of KVG crrstal products and all . . 
your VHF & UHF eqbipmenl requiremnts. 
Pre.Scirctor Filters Amplihers SSB Transvcrters 
Varaclor Tri lers Crystal Filters FM Transnrlers 
Decade Pre.lcalers Frequency Meters VHF Converters 
Antennas Oscillator Crystals UHF Converters 

S p t ~ t ~ m  
temational, Inc. 

Post Office Box 1084 

wL l / ,  KILO WATT 
LINEAR AMPLIFIER 

TPL p r o u d l y  p r e s e n t s  t h e  f i r s t  t r u e  p o w e r  1/4KW 
SSBIAM. FM or CW solid s t a t e  

2 meter linear a m p l i f i e r  
A mmote mnt ro l  plug allows 
ou 100perPe with the ampli- 

fier ON or OFF. or in  
SSBIAM. FM or CW 

from the dashboard. 

ThC 2002 u t ~ l ~ z e s  the latest stale 01 the an enginssring includlngmicrc- 
strip circui tv and modular conslruction. The three linal Iransistora 
comblne to produce 250W when droven by 15W or more at 13.8VDC. 

POWER INPUT. HARMONIC AlTENTUATION: 
5-20W Carrier FM or CW All Harmonics Anenuated 
20W PEP maximum SSB or AM 60 dB or Greater 

POWER OUTPUT: CURRENT DRAIN: 
200-250W carrier FM or CW FM-40 Amps @ 250W 
3WW PEP SSB or AM SSB-30 Amps @ 3WW PEP 

FREOUENCYRANGE: DUTY CYCLE: 
144 to I48 MHz' FM 50% @ t50W 33% @ ?SOW 
will operate with slight SSB 6 W e  @ 150W 5ML @ 250W 
degradation st I42 150 MHz. 

Model 2002 S479.00 

can be ordered lor repeater application 
lo r  additional information contsct p L  COMMUNICATIONS INC. 

1324 W. 135TH ST .  GARDENA, CA 90247 (213) 538.9814 

Canada- Lenbrwk Industries. Lld.. lt45Bellamy R a .  Searborough. OntanoMtH 1H5 
Expn EMEC lnc ,235OSouth 30th Avenue. Hallandale. Flortda33CQ9 

1 2 METER PORTABLE 
I G m E m  MASTR PR36 
I 132-1 50 MHz - 5 Watts 

A.C. charger 
(subject to availability) ..................... $25.00 I SpeakerIMike Type EM36 ................ $1 5.00 
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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 20.1 
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 (.090" 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. until 7 p.m. 

SPECIFICATIONS: 
l ime Base-TCXO 20.1 PPM GUARANTEED! 
Frequency Range10 Hz to 600 MHz 
Resolution-1 Hz to 60 MHz; 10 Hz to 600 MHz 
Decimal Point-Automatic 
All IC's socketed (kits and factory-wired) 
Display--8 digit LED 
Gate limes-1 second and 1/10 second 
Selectable lnput Attenuation-XI, X10. XlOO 
lnput Connectors Type -BNC 
Approximate S i z e 3 ' n  x 7'/zVw x 6M"d 
Approximate Weight-2% pounds 
Cabinet-black anodized aluminum (.090" thickness) 
lnput Power-9-15 VDC. 115 VAC 50160 Hz 

or internal batteries 
OPTO-8000.1 Factory Wired $299.95 
OPTO-8000.1K Kit $249.95 

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

$19.95 
Probes: P - 1 G D C  Probe, may also be used with scope $13.95 

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

P-102-High lmpedence Probe, ideal general purpose 
usage 516.95 

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 CPSL-650 Prescaler can use 
this kit to convert their units to the Opto-8000 style case, includ- 
ing most of the features. 

FC-50 - Opto-8000 Klt $59.95 
'FC-50 - Opto-8OOOF Factory Update $99.95 
FC-50 - Opto8000.1 (wITCXO) Klt $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 maximum of $10.00 per order 
lor shipping, handling and insurance. To all other countries, add 10% of total or- 
der. Florida res~dents add 4% state lax. C.O.D. lee: $1.00. Personal checks must 
clear before rnerchand~se is shlpped. 
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flea ~t market 

RATES Non-commercial ads 10c per 
word; commercial ads 600 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser- 
tions o f  h a m f e s t  ads pay the non- 
commercial rate. 

COPY No special  layout  or ar-  
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include f u l l  name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor- 
rected ad in next available issue 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessories. Llterature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 93862. 

HAPPY BlRTHDAYl Now ten years fighting TVI. The RSO 
low pass filter. For brochure write: Taylor Communica- 
tions Manufacturing Company, Box 126, Agincourt, 
Ontario. Canada MIS 384. 

QUAD BUILDERS - BiizzardlHurricane 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) 6949260. 

CANADIANS 1,000,000 surplus parts. Bargains galore. 
Free catalog. Etco-HR,Box741,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. - 
COLLINS MECHANICAL FILTER 455J-80 wanted for 
75A4. K2RG, 10 Rosecourt, Dover, N.J. 07801. 

Foreign Subscription Agents 
for H a m  Radio Magazine 

Ham Radlo Austria Ham Radio Holland 
Karln Ueber MRL Ectronlcs 
Poltfach 2454 Postbu~B8 
0.7050 Loerrach NL-2204 m ~ f t  
West Germany Holland 

Ham Radlo Belgium 
Stereohouse 
Brusselsesteenweg 416 

Ham Radio Italy 
STE, Via Manlago 15 

B.9218 Gent 1.201 34 ~ i l a n o  
Belgium ltaly 

Ham Radm Canada 
Box 114. Goderlch 
Ontario. Canada N7A 3Y5 

Ham Radlo Switzerland 
Karin Ueber 

Ham Radm Europe 
Postfach 2454 

Box 444 
D.7850 Loerrach 

S.19404 Upplands Vasby 
West Germany 

Sweden 

Ham Radio France Ham RadloUK 
Chr~stlane Mlchel P 0 BOX 63. Harrow 
F-89117 Pariy Mlddleaex HA3 6HS. 
France England 

Ham Radlo Germany 
Karin Ueber Holland Radlo 
Posttach 2454 143Greenway 
0-7850 Loerrach Greenslde. Johannesburg 
West Germany Repubilc 01 South Africa 

QUAGlNAGl BUILDERS - Insulated fiberglass booms 
to 16feet. Straight, strong, vaulting poles. S.A.S.E. for 
info. Guaranteed new $30.00 KBWSE, Box 2C-AA, San An- 
tonio, Texas 78201. (512) 6949260. - 
CQ AND QST 195@1975 ISSUES FOR SALE. Send SASE 
if ordering Ham Radio, 73, or other CQ and QST issues. 
One dollar minimum order and ail issues cost 2% each, 
including USA shipping. Send chronological list and full 
payment to WGLS, 2814 Empire, Burbank, CA 91504. - 
RTTY - NS-1A PLL demodulator WTT $24.95 ppd. Price 
advance effective Sept. 1st. SASE for info. Nat Stinnette 
Electronics, Tavares, FL 32776. 

WANTED: Crystal Impedance Meters, TS-683, TS-330, 
TSM-15 RFL Models 531. 459 or 1207. Glenn 
Kurzenknabe, KJSWZ, 403 Centerview Ave., New 
Cumberland, PA 17070. 

-. 

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 $10.00 per year. 
HURRY! HURRY! Ham Radio HOIRZONS. Greenville. NH 
03048. 

-- 

FREE CATALOG of new merchandise. Resistors, 
capacitors, iC's, semiconductors, and more. Send to: 
Key Electronics, Box 3506H, Schenectady, New York 
12303. 

-- 

WANTED: Measurements 59 grid dipper. Also interested 
in HF and UHF tuning heads. Jim Fisk. WIHR. Ham 
Radio, Greenville, NH 03046. 

-- 

WANTED: Davco OR230 receiver. Please state price and 
condition in first letter. Jim Fisk, WlHR. Ham Radio, 
Greenville. NH 03048. 

-- 

SEE OUR AD in this issue, Pyramid Data, Page 140. - 
BhK TEST EQUIPMENT. Free catalog. Free shipping. 
Dinosaur discounts. Spacetron-CG, 948 Prospect, Elm- 
hurst. iL80126. 

MOTOROLA HT220. HT200, and Pageboy service and 
modifications performed at reasonable rates. WA4FRV 
(804) 320-4439, evenings. - 
AUTHORIZED DEALER for DenTron, KLM. Larsen, Bear- 
cat, etc., Big Catalog 201-962-4695 Narwid Electronics, 
61 Beliot Road. Ringwood, N.J. 07456. 

-- 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
5.50. Waiter, 2697 Nickel, San Pablo, Ca. 94806. - 
TELETYPEWRiTER PARTS WANTED: for all machines 
manufactured by: Klienschmldt Corp., Teletype Corp. 
and Mite. Any quantity, top prices paid send list for my 
quote. Phil Rickson. W4LNW, Rt. 6, Box 1103G2, 
Brooksvllie, FI. 33512. 

VERY In-lor-ert.lnal Next 3 issues $1. "The Ham Trader", 
Sycamore, 1~60178. - 
QSL CARDS 5001$10.400 Illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, M063130. - 
HOMEBREWERS: Stamp brings component list. CPO 
Surplus. Box 189, Braintree, Mass. 02164. 

-- 

WE MAY NOT HAVE a toll-free number, but we'll save 
you more 555 In the long run! This month's special: CDE 
Ham-Ill Heavy-Duty rotor for only $114.95, prepaid 
anywhere in the Continental United States! We are also 
factory-authorized dealers for Yaesu, Drake, Kenwood, 
Ten-Tec, ICOM, OenTron, and many more. For the best 
deal around on the HF or VHF gear of your choice, write 
or call us today for our low quote. Try our personal, 
friendly Hoosler service and become one of our many 
happy and satisfied customers. HOOSIER ELEC- 
TRONICS, P.O. Box 2001, Terre Haute, Indiana 47802. 
(81 2) 238.1 456. 

HELP WANTED - Beehlve Telephone Co. has need of a 
HamlpllotIFCC licensed technician telephone main. 
tainer. We have, planned or under construction, 6 
automatic dial switches spread out over 6,000 square 
miles of Utah from Leke Powell to the Idaho Border; four 
hops of microwave; 150 miles of toil ilne; ail for just over 
300 customers. We use low bandlhlgh band and UHF and 
have several pr ivate SSB HF c i r cu l t s  f o r  our 
malntenance coordination. We do all our own construc- 
tlon, etc. Write telling W7NVY about yourself and your 
ambitions. ZIP; 84313. 

WANTED TO BUY - Heath IT-1121 Curve Tracer. Ernest 
Ruland, 69 Southworth St., Wiiilamstown. MA01267. - 
HROT COIL SETS WANTED below 1800 kHz, W600Q 
985 W. 3rd Ave., Escondido, CA 92025. (714) 743-9822. 

CLUB CALL PINS 3 lines 1-114 x 3-114 $1.25 each. First 
Name. Call and Club. Colors Black, Red, or Blue with 
White letters. (Catalogue) Arnold Linzner, 2041 Linden 
St., Ridgewood, N.Y. 11227. 

SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete wlall hard- 

'%ware. $1.35 ea. ppd. 
-- - 

Plug-in transformer. 
1 Secondary is 7 Vac 

300 mA. A very good 
r7, 

deal for TTL-CMOS 
circuits. $2.00 ppd. 

Push-on Pull-off panel mount 
switch. High quality Grayhill 
switch complete with hardware. 

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. 

SMOKE DETECTOR 
Protect your family - 6, ,)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. 

Transformer: 115V AC Primary 12  volt 
200 mA Secondary. PC Board type - A 
very handy unit $1.00 ppd. 

lL _- - PL55 patch cord - a full 
20  feet long with a molded 

+ PL55 one end. Real nice. 
.;"- A low - 75c ea. ppd. 

4PDT Relay, l2VDC coil, Potter 
Brumfidd, 5 amp contacts, fac- 
tory new of course, a beauty 

$1.90 ea. 

Min i -Toggle .  DPDT Cutler-  
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 
mfd @ 50  volts. Size: 2" dia. x 
2-1/4" high. $1.90 ea. ppd. 

MA1003 Clock Module $18.95 

1000 volt PIV 2 amp diodes .10 ea. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 412.863-7006 
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THE MOST IMPORTANT 

F E A N R E  OF 

YOUR ANTENNA 

I S  PUTTING 

I T  U P  WHERE 

I T  CAN DO 

WHAT YOU EXPECT. 

RELIABLE DX - 
SIGNALS EARLIEST I N  

AND LAST OUT. 

ALUMINUM 
C o m p l e t e  Te lescop ing  

a n d  F o l d - O v e r  

Series ovailal,le 

Easy t o  Asseml) le  

Al l  t o w e r s  mounted 

And now wi th  motorized options, you 
can cran'k it u p  or down. o r  fold it 

Wri ts for 12 age brochure g iv ing doz- 
ens of c o m b i s l i o n s  of height, weight 
a n d  wind load. 

A L S O  TOWERS FOR WINDMILLS 

MANUFACTURING CO. 
In A l r n o n t  Heights lndustr~al Park 

flea market 
WANTED - Millen Ikl's 455 kc and 1600 kc - 061455 
a61160 several needed. Also schematic lor Mlsers 
Dream Rec. Owen Laughlln 1310 Pinecrest Dr.. Ferndale. 
MI 48220. 

CREATIVE OSL CARDS - New deslgna. Send 501. 
receive catalog, samples. WILKINS CREATIVE PRINT. 
ING. Box 787.2. Alascadero. CA 93422. 

SELL - Swan Monobander 40A - Good - $100.00. 
Henry Ankeny. 420 South 16. Clarlnda. Iowa 51632. (712) 
542.4715. - 
WANTED: Lorenlz lype 15 leleprlnler 45.5 baud pear -1. 
VESKQ. D. Stephenson. 134 30 Surnrnem Place. S ~ k b  
loon. Sask.. S7H 3W4. - 
ELECTRONIC BARGAINS. CLOSEOUTS. SURPLUS1 
Parts, equipment, stereo, Industrial, educallonal. Amaz- 
Inp values! Fasclnallng items unavailable in slores or 
catalogs anywhere. Unusual FREE catalog. ETCO.012. 
Box 762. Plallsburgh. N.Y. 12901. SURPLUS WANTED. 

-- 

CODE PRACTICE TAPES - 100 High Frequency words 
which conSlilule50% of all wriling. For details write lo: 
El Don Enletprises. P.O. Box 3404. Redondo Beach. CA 
90277. 

WANTED - Hallicrallem PSlSOlZOAC power supply. 
Huph McKnighl. BOQ 6.337. U.S. Naval Slallon. 
Charleston. S.C. 28(08. - - 

NICADS: BOOmAh A size penllphts, surplus, unused. 
excellenl lor portable, QRP. 6.5V five pack, $3.75. Bram- 
well. 1330SEWalnul. Hlllsboro. OR97123. 

- 
460 PROOLINE REPEATER Including COR. Timers, 
Coupler. $203.00. K7FE. Frank Exum, 1244 Granada. 
Casper. WY 82601. (307) 2858083. 

DRAKE "C LINE" STATION - R.4C. T4XC. AC4. MS4. 
4NB Blanker. all lillets, nnne Xlals. Fan - $1300. Also 
Sharwond CF.12518 Filler L "OX Enolneerina" RF ....... 
Speech Processor. $90 each All excellent condilton - 
one year old WABERB. 451 Via Casilas 111. Greenbme. 

CUSTOM prlnled and pholo QSL's, very econornlcal; free 
samples. Stamp appreciated. Slu. K2RPZ. Box 412. 
Rocky Polnl. NY 11778. (516) 7448280. 

-- 

WANTED: HP noise source 343A and 349A. Pluplna lor 
SINGER sweep.genem1or 650s. Teklronlx SpeclNm 
Analyzer 491. DL 7 QY. Claus Neie. Martin-Lulher.Slr. 
121. D.1000 Berl1n62.Tel:0301782U18. 

NEW Htan  SCHOOL CLUB NEEDS EOUIPMENT DONA- 
TION, will provide lax dsduclible recelpl, pay shlpplnp. 
NO Junk Please. Dlrecl Response: Mark Cheek. Franklin 
County High School. Royston Road. Carnesville. 
Georgia30521 - 
MINT CONDITION: Atlas 210 X or Triton II or IV. Also: 
Power supply. 8. Levln. 24251 Oneida. Oak Park. Mich. 
1.3135455939. 

TELETYPE EOUIPMENT lor beglnnera and experienced 
operators. RTW machines, parts. supplies. Beginner's 
special: Model 15 Prlnler and demodulator $13900. 
Dozen black ribbons 16.50; case40 rolls 11116 perl. lapa 
3" .Atlantic Surplus Sales. 3730 Naulllus Ave.. 

. Ero.. i 11224. Tel:(2121372.0349. -- 
THE "CADILUC" o l  QSL'sl Samples: $1.00 (Relun- 
dab le )  - WSYI. Box  11171-D;  Ga r l and .  
Texas 75040. 

TELETlPEWRlTER PARTS. peam. manuals, supplles, 
tools, loroids. SASE Ilsl. Typalronlcs. Box 8873. FI. 
budardale. F L  33310. N4TT Buy parts. late machines. 

EXCLUSIVELV HAM TELETYPE 24th year. RTTY Journal, 
articles, news. DX. VHF, clesalfled ads. Sample 3%. 
$3.50 per year. 1155 Arden Drive. Encinllas. Calil. 92024. 

MANUALS lor mosl ham pear mede 183711970. Send 
only 2% coln lor list of manuals, poslpaid. HI. Inc.. Box 
HW.Councll Blulfs, lowa51501. - 
OSL FORWARDING SERVICE - 30 cards per dollar. 
Write: QSL Express. 30 Lockwwd Lane. West Chester. 
PA. 19380. - 
RECEIVE PARTS LISTS regularly lor Wyr. Surplua Parts. 
P.O. Box 7057. Norlolk. VA 23509. 

SCANADAPTER - scan up l o  10 channels o l  any 
receI~er1lransceIv.r. variable scan rate. manual advance. 
and 7 segment readoul. Only $29.85 wlred. Pulse genera. 
tors, hlgh gain inslrumenl amps, more. Free Illeralure. 
Tek Devtces. Box 19154, Honolulu. HI 86817. 

EEB STOCKS 
t*iBifiil :I::::; 

. We pay AIR FREIGHT om all 
prepaid or crrdil card orders. 

Call wr order desk 

We stock in depth: Bird 43 
Thrulilr, All Table l rltmrnls, $3. 2;.' CC-1 6. EC-1 casts. * .< 

- ' MODEL 43 $120.00 
AUTHORIZED BIRD DISTRIBUTOR 

DEALER INQUIRIES INVITED. 

m-] IN STOCK 

IC-245/SSB .............................. $599 
$749 
W r i t e  

plus others 

Wilson IN STOCK 

WE-800 . . . . . . . . . . . .  $499 
. . . . . . . . . . .  M A R K  II H A N D H E L D  $229 
. . . . . . . . . . .  M A R K  I V  H A N D H E L D  $259 

and much, much more 

All Prepaid & Charge Orders 
Shipped NO CHARGE i n  U.S. 

Sales lax 4% lo Virginia res~dcnts only. 

ELECTRONIC EQUIPMENT BANK, INC. 
516H Mill St., V ienna,  V A  22180 

TRANSMITER MODULE KIT 
;-- #gi$ j;:, 

*f 4t;- 1 %-g;$. + - 

5 watt ~npul monoban0 I w lransmllier and VFO on 
a 3"  x 5" p c board oper.!les lrom 12 VDC 

159.95 ppd USA 
Companion Racsiver Modula $39.95 ppd USA 

160. BO. 40. or 20meters 
SPECIFY BAND DESIRED WITH YOUR ORDER 

ORDER FROM 
DIRECT CONVFRSION TECHNIOUE 

3132 No. -1well Avenue 
Chicago, Illinois 60641 

TEST EQUIPMENT 
All equlpmrnt lorlrd 8s oprral8on.al and 

uncond~l~onallv quaranlc?d Money back 11 no1 
WIISIIC~ P r ~ t l s  l,sIt-d dro  FOB MonrOt' 

. . . . . . .  HPI?OB 450kHz gen pu r  scope S215 
HP170A(USM140l 30mHzscopewi th  

. . . . .  reg  h o r ~ z ,  dua l  t r a c e v e r l  plugs .475 
HP175A50mHzscopew1 th rcq  

. . . . . . . . .  horiz, dua l  l r acc  v e r l  plugs ,565 
. . . . . . . . . . . .  Quanlcch 303 Wave Anal 445 

Tek565 Dua l  beam IOmHz scope 
. . . . . . . . . . . .  lessp lug ins ( 3 s e r l r s l . .  ,625 

Tek585 80MHz qcn  pur  scope less 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  p l uq ln  645 

U R M X  Stand Sig Gen IOkHz 50MHz 
. . . . . . . . . . . . . . . . . . . . . . . . .  c a l l i ~  a t l n  225 

F O ~  r olllplNc* i t51 01 a11 I w l  cqurprnPnl 
SClld 5lrlmpPd. 5Vll ~Idd,l~%St~tl ~~Yc IOP* '  

GRAY Electronics 
P.O.Box 941, Monroe. M i c h .  48161 

Sprtlallzlnq ~n used l rs l  rqutpmml 



Pour\gl for poynd. 

engineering 

PS-25M Power Supply 

4 engineering -1 I 

D I V I S I O N  O i V f S i O N  OF BROWNIAN ELECTRONICS COUP. 

320WATER STREET / BINGHAMTON, NEW YORK 13901 / PHONE 607-723-9574 
F.O.B. Binghamton / Prices and specifications subject to change without notice. / Export prices slightly higher. 

More Details? CHECK-OFF Page 142 july 1978 119 



flea market 

I Advanced Electronic Applications. Inc. P O  80x2160 Lynnwmd.Washnpton98036 1 

Tr is tao isn't just a t rade name... 
it's a m a n  cal led Lou, a n d  he's 
been designing towers  for hams 
al l  h is  l i f e  ... t h e  pioneer.  That's 
w h y  Tr is tao towers  above all. 
A n d  because h e  k n o w s  hams, h e  
engineers q u a l i w  a t  pr ices y o u  
can  afford. F r o m  Mini-Masts t o  
t h e  giants, it's T O W E R  POWER 
al l  t h e  w a y  with Tristao. 

W R I T E  R I G H T  N O W  F O R  
FULL SPECS a n d  dealer nearest 
you.  P R O M P T  D E L I V E R Y .  

I PARTS BONANZA I 
B C - l 9 l /  BC-375 TRANSMITTER 

TUNING UNITS 
We II.IVP these Plug-In 
Tuners ,iv.tllable once 
agaln - as an excellent 
source ol hard-lo-lrnd 
rad~o parlsl Each ln- 
cludes a 2%" Vernier 

Dial, a rlght anqle Drive three 100 Watt Variable 
Capacitors iexcepl TU-261: M~ca Capac~lors; Coils: 
ceiamlc Band Switches. and more All are unused. 
Llsllng 01 parts lor each available wllh SASE. 
9 x I 7  x 7%" .  Sh Wt. I 8  Ibs 
TU-58. 1500-3000 Kh? $1215 TU-68. 3000-4500 f i b 5  
TU-78, 4500-6200 $995 TU-1OB. 10000-12500 $g*l 
TU-268, 200-500 S8*5 ALL Pr~ces F O  0. .  Llma. Oh. 

11w vnilr VISA BAC or Masler Charoe card! 

Don't be a b s u r d ,  buy a B I R D !  I . . . from your Bird distributor 

WANT UP.TO.DATE INFORMATION? Radio-Hobbylsl 
Newsletter issued every 2 weeks. Only $5 00 year. W5YI. 
Box 1171.0. Garland, Texas 75040. 

- - 
EZ deals am the besll Try me and see for Yaeau. Drake. 
KLM. Swan. Cushcraft. DenTron. VHF Eng. ICOM. CDE. 
Hustler. Wllson and more. Call, see or wrlle W W  Bob 
Smith Electronlcs. RFD 3. Hwy 169 6 7. Forl Dodge. IA 
50501. (5151 5753886. 

TRAVEL.PAK OSL KIT - Send call and 2%; recelve your 
call sample kl l  In return. Samco. Box 203. Wynantsklll. 
NY 12198. - 
THE MEISUREMENT SHOP has usedlrecondltloned 
test equipment at senslble prlces: catalog. 2 West 22nd 
St.. Balllmore. MD21218. - 
RADIO MUSEUM NOW OPEN. F m  Mmlsslon. 15 .m  
pieces 01 equipment from 1850 telegraph Instruments to 
amateur and commerclal transmllters 01 the 1920s. Ama. 
teur stallon W2AN. Wrlle lor lnformatlon: Antlque Wire 
less Assn.. Main St.. Holcomb. NY 14469. 

AMATEUR MICROPROCESSOR EXPERIMENTERS: 10 
MHz -20 ppm Coldweld crystals. 1 ppmlyr. 32 pF. Co 8 
pF. 14.25 ea. postpald. Savoy Electronlcs. Inc.. P.O. Box 
5727. Fl. Lauderdale. FL33310.3055831333. 

WE BUY ELECTRON TUBES, dlodes, translslors, ln te  
grated circuits, semiconductors. ASTRAL ELEC- 
TRONICS. 321 Pennsylvania Avenue. Llnden. NJ 07036. 
201~4853300. - 
AUTHORIZED DISTRIBUTOR F9FT Antennas, 
Microwave Modules. RIW Producls' new tandem rellec- 
tor, 19 element. 432 MHz Yagl - Radio Clinic - N2MB 
( lonerly WA2BIT) 212.327.4952. 

SELL: Tubes, current and rare. Xmtllng and recelvlnp. 
Meters, xlals, HV capacitors. Power. 1.1 transformers. 
Antiques. Government, mllltary surplus. 40year accumu. 
lation. SASE tor IIst. Grlgas. 10137 Prospeel. Chlcago. IL 
m 3 .  

ANTENNA: All ham bsnds (80 thm 1 4  125 postpald 
U.S.A. (CA rasldents add 11.50 sales lax) Rudy Plak. P.O. 
Box 966. San Marcos. CA 92069. 

Coming Events 
ALASKA ARRL Convanl~on. Anchonpe August 28.27 
Wrlle ARRL Alaska Conranllon 78. Anchorage ARC. PO 
Box 1987.Anchorage. AK99510 

WlMU (Wyomlnp. Idaho. Montana. Utah) The U)th Annual 
WlMU Hamfesl Is scheduled for Aupvst 4.5. and 8,1978 
at Mack's Inn. Idaho; 25 mlles South 01 West 
Yellowstone. Montana. Talk-in 14fiW94 and 3935. Ad- 
vance reglstratlon: 18.00 lo r  adults and 12.00 lo r  
chlldren. before July 25th. 1978. Letelregular reglstre 
tton: 17.00 and $2.50. SPECIAL PRIZE DRAWING FOR 
PRE-REGISTRATION. Please aend prereglstratlon lo: 
WlMU Hamfesl. 3-95 Vaughn Street. Idaho Falls. Idaho 
83401. Phone (208) 522.6368. - 
ANNUAL TEXAS VHF.FM SOCIETY SUMMER CONVEN- 
TION, hosted by the Houston Echo Soclely. August 4. 5. 
8. 1978 at the Gallerla Plaza Hotel of1 Interstate L w p  610 
at Weslhelmer Road. MicroproCesM)rJ/microcompulefs. 
hldden transmiller hunt, OSCAR communlcallons. VHF. 
FM actlvllies. ARRL 6 FCC lorum* open hospllallly 
suite, ladies' aclI~ItIes. AstrodomeAstroworld lours lor 
the klds. Exhlbilors. and prlzes. Salurday nloht banquet 
lealuring Blll Tynan. W3X0, editor of  OSrs  "World 
Above 50 MHz", as guest speaker. For Inlormallon and 
reservations wrlle FM Soclely Summer Convenllon. P.O. 
Box 717. Tomball. Texas 77375. 

EYEBALL WITH FRIENDS July 16 Tri Club Hmnfest - 
Talk In .W.M 6.52 Lookers 12Sel lersU - Pollce Plstol 
Range Allentown - Inlormallon SASE K3AI. RI 
Emmaus. Pennsylvania 1BM9. 

AMATEUR COYPUTINO 78. WASHINOTON. DC. July 
22.23. Sheraton Natlonal Hotel. Columbla Plke and 
Washington Blvd., Arllngton. VA. Reglstratlon at d w r  $5. 
Talk.in 147.81121. AMRAD. PO Box 882. McLean. VA 
22101. - 
VHFlUHF ANTENNA MEIBURINO CONTEST and f m  
Ilea market July 23rd. 10:00 AM at Trenton Slate College. 
Trenton. NJ. Contact KZUYH or WAZZIF. 

BYTE, Drlnk and be merry at the Tidewater Hamfeat. Flea 
Market and Computer Show, Norfolk. Vlrglnla. 
September 2324. Over 80,000 sq. fl. of exhlblt and Ilea 
market specs. All I ndwn .  All aIr.condltloned. Wrlle 
TRCI. P.O. Box8371. Nortolk.Vlroinla23505. 



100 Hz to 50 MHz. 

Introducing CSC's new test, or use its rnatch~ng mlnl antenna for easy RF 
Mini-Max. It bringsdown the checking. Either way. the input IS protecled against 
cost of counting up the frequency overload to 50V ( 100V below 1 KHz). 
for CB-ers, hams, computer enthu Mini-Max is as inexpenswe to use as ~t is to own. 
s~asts, audiophiles . . . I  ust about any englneer. tech- An ord~nary 9 volt alkal~ne battery gives up to 8 hours 
nician or hobbyist will find it ind~spensable. of intermittent operation, and you have the flex~bility of 
It's min~"-s~zed, too -a pocketable 3 x 6 x 1 % inches. a battery eliminator for AC operation. For ~ncreased 

But when it comes to performance. Mini-Max versatility, there's a complete line of accessories. 
means maximum value. Measuring signals as low as including standard clip-lead cable and min~ antenna 
30 mV from 100 Hz to aguaranteed 50 MHz, with -eliminator and carrying case are optional. 
2 3  ppm timebase accuracy and better than 0.2 CSC's new,all-American made Mini-Max is 
ppm/OC stability from 0 to 50°C. Completely everything you need for highly-accurate checking 
automatically Advanced LSI circuitry w~th a crystal of frequencies up to 50 MHz. At a price that will Freq 
controlled timebase provides precise frequency you out. Ordertoday Call 203-624-3103. 9a.m. - 
readings on a bright, six-d~git LED display, with 5p.m. Eastern Standard Time Major credit cards 
automatic KHz/MHz indications. Mini-Max is versatile, accepted. Or see your CSC dealer. Prlces slightly 
too. You can connect it directly to the circuit under h~gher outside U.S.A. 

CWlNENlAl SPEClALnES CORPORATION 
'Manufaclurer's suggested retall prlce 

&cj I978 Contlnenlal Spet.jall~es Lorporal~on 

70 Fullon Terrace. Box 1942. New Haven. CT 06509. 203-624-3103 TWX 710-465-1227 
WEST COAST. 351 California St. San Franc~sco, C A  94104. 415-421-8872 TWX 910-372-7992 

GREAT BRITAIN. CSC UK LTD., Spur Road. North Feltham Tradlng Eslale. Fellham. Mlddlesex. England. 01-890-0782 Inrl Telex. 851-881-3669 
CANADA Len Flnkler L ld  . Onlarlo 



Amateur Radio 

WBISBL and WNSANF 
serving you with..  . 

Ameco ASP Atlas 
Belden Bird CDE CIR 
CES Collins Cushcraft 
Dentron Drake HAL 
Hy-Gain Icom KLM 
Kenwood Larsen MFJ 
Midland Mosley NPC 
Newtronics Nye 
Regency Shure Swan 
Standard TPL Tempo 

flea markei 
THE 15TH ANNUAL INTERNATIONAL HAMFEST w I 
held J, y 8ln and 91hon Inn CanaO an $ode 01 the Inlei 
Ilona1 Peaco Gardens A I nams anu nlereslea perrl 
are tnvlled loallend 

FOX RIVER RADIO LEAOUE HAMFEST New Locall 
Indoors - Kane Co. Falrgrounds. St. Charles. IL. 
Sunday. August 27th. Tickets: 52.00 a1 gale - $1 
advance. Contact: Don Berrldge WBQPAC, 23M Dl 
field Way - Geneva. ILMl134. 

MANSFIELO. PA. - The Tloga County PA ARC Hami 
wlll be held Saturday. Au~usl281h stanlng at 9:W Ah 
the Ttoga Co. Falrprounds on Rt. 6 between Wellsb 
and Manslleld. PA. The $2 admission is good lor 
Slmclal programs and the XYL and children are tree 
Wdlltlon lo  the usual Flea Market and dlsplays a bll 
table and olher ltemsot lnleresl wlll be available lor 
ladles and the PA Grand Canyon Is wllhln a st 
distance. Talk-In on 19179.52 Stm. and CB 5. For more 
lormalion write l o  Denny Vorheas. WA3FWO. RD I 

Box 117A. Millerton. PA 16936. 
- 

WASHINOTON: F w n h  Annual Spokane Hamfesl Sa 
day. August 12lh and Sunday. Aupusl 13th. Easl 
Washington Unlvenlty. Cheney. Mlcrowave semi 
Planetarium Wows, acllvllies lor ladles. Exhibits LL f 
Market. Premplslratlon prlze: €4' Rohn 25 lower. Y 
prize: ICOM 22s Twometer transceiver. Ladles pr 
Mlcrowave oven. Other prlzes and rallles. Dorm hous 
and camper spaceavailable. Preregislrallon - 19.00 
person Includes both days & Banquet Salurday nli 
For lnlormatlon, wrlle: Spokane Hamlest. P.O. Box 3f 
Spokane. Washlnglon 99220. 

PENNSYLVANIA: Trl.Club Hamfeat. Sunday. July 
8:W AM. Allentown Police Academy. Lehlgh Park! 
South, Allentown. Lookers: $2.00. Sellers: $3. 
Relreshments. Door Prizes. Brlnp lables and power. 1 
in  .W94 LL .52. Local repeaten .1W.70, open aulo pa 
.14Y.745. DBlallsSASE F. J. Herman. K3AI. R. 1. Box 1 
Emmaus. PA 1BM9. 

CHARLESTOWNE HAYFEST July ae. 1978. Galll 
Munuclpal Audltorlum. 77 Calhoun Street. Doon ope1 
8:W AM. $3.00 per lable per day. FCC Exams on Satur, 
8:W AM. Talk In Frequency 3U91. YL Acllvllies plann 
Social Room Salurday night a1 7:30 a1 the Galll 
Municipal Audltorlum. Hamtesl reglstratlon required 
entry - 13.00 Free relreshmenls. P.O. Box 45 
Charleston. South Carolina 29405. 

-- 
VIROINIA: Amateur Compultng 78 mlcrocompu 
lestival. July 22.23. Sheralon Natlonal Motor Hotel. ( 
umbta Pike and Washlngton Blvd.. Arlington. R q l s  
l l on  Door - 15.0012 days. Advance: U.W. Spouse i 

children Irse. Salurday nlght banqusl. 114.00 Advar 
$12.00 per perJon. Sends checks l o  AMRAD. P.O. I 
682. McLean.VA 22101. - 
INDIANA: Wabash Valley ARA 32nd annual Turkey f 
Hamlest. Vlgo County Fairgrounds mlle south 1.70 
U.S. 41. Overnlghl campers ONLY open Salurday. J 
15. 12 n w n  EST. Public. Sunday. July 16. 8:W AM F 
outdoor Flea Market. covered 13.00. XYL Bln 
Relreshments. Shopping mall nearby. Advance llch 
$1.50. 4 lor $5.00. Gate: S2.W. 3 lor S5.W. Under 12 11 
For tickets and lnlorrnat~on: SASE l o  WVARA HamC 
P.O. Box81. Tene Haute. IN 47808. 

TEN.TEN INTERNATIONAL NET SUMMER OSO PAF 
Starts: OOW GMT July 15. 1978 Ends: 2400 GMT July 
1978. Open loal l  amateurs but only rnemben eligible 
awards. All contacts to be made on 10 meters, any ma 
a statlon to be counted only once. Exchange: NaI 
OTH. tOlOnumber.(Be sure to lop date and time01 el 
contact.) Scorlng: 1 point lor each contact; add 1 polr 
with a member. Maxlmum: 2 points. No mullipllers. G 
the name 01 your Chapter. Awards: Is land 2nd Place I. 
lilicales to each U.S. Dlst.. KL7. KH6 and U.S. Pac 
Islands; VE Dlsts.: Central America and Carlbbe 
South Amerlca; Europe: Afrlca and S. Allantic; A! 
Australla. New Zealand and S. Paclllc. Members 04 

Send log l o  Grace Dunlap. KSMRU. Box 13, Rand. Co 
adoBM73, no later lhan Augusl30. 1978. Results wlll 
publlshwd In the Net Fall Bulleltn -- 
VHF SPACE NET CONTEST From EPM Saturday. J 
15th to 9PM Sunday. July I6lh, local limes. This ev' 
Commemorates the 9th Anniversary 01 Apollo elev 
Man's First Landlng and Walk on the Moon. Actlvily 
be on 50. 144. 220 mHz elc.. In all modes. EXCE 
REPEATERS. Caleporles: Class 1.10 10 500 watts; CI, 
2. 25 to 100 walls; Class 3. 5 to 25 walls; Class 4. 1 I 
watts; Class 5. C W. only, wlth any power; Class 6. Y 
only, wlth any power; Class 7. Club partlclpation. I 
more Inlo. write VHF Space Center. K4AWS. Box 
Sumlewllle. FL33585. SPECIAL BONUS SURPRISE F 
ALLSTATIONSWORKING SPACE NETCENTER. 
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PARTS !! 
AIR VARIABLE CAPACITORS. 

40-310pf Dual ,  7.5KV 427.00 
27 -300p f  Dual ,  4.5KV $25.00 
40-310pf S i n g l e ,  7.518 $17.50 
27-300pf S i n g l e ,  4.5KV $16.75 
40 -190p f  S i n g l e ,  5.5KV $16.25 

Many, Many More Types. Send SASE 
f o r  f r e e  l i s t .  

J U N E - J U L Y  S P E C I A L S  
" W h i l e  They L a s t "  

TUBES-- Many t y p e s  i n  s t o c k  
6JS6C $5.50 6146A $6.25 
5728 $29.00 61468 56.75 

EIMAC POWER TUBES I N  STOCK 
Send SASE f o r  f r e e  l i s t  o f  tubes. 

ArPII_EKOL CONNECTORS PL259(UHF) 796 
UG21 D / m 4 3 - - $ - l x - -  UG88/U(BNC)99h 

WILSON WR500ROI_OJ -- $89.95 

ROTOR. CABLE--1 SC p e r  f t ( 8 c o n d u c t o r )  

;.RIFFIN FANS - 57.50 ea. 

TELETYPE PApER/TAPr--SlO.OO/case - 

USE0 EQUIPMENT .- 

R390 $375.00 R390A $395.00 

Send SASE f o r  used equ ipment  1 i s t .  -~ 
- P l e a s e  a l l o w  f o r  

s h i p p i n g  cha rges .  
AZ r e s i d e n t s  add 5% 
s a l e s  t a x .  

Amateur Radio Center 
dl1 S.Morris. Mesa. AZ 85202 

(602)833-8051 

COPY MORSE CODE 
w ~ t h  the new MVD-1000 
MORSE VIDEO DISPLAY 

Enioy Morse Code copy on  your N 
screen 
Displays letters, numbers. and 
punctuat ion 
16 lines of 32 characters oer page 
2 page d ~ s p l a y  w ~ t h  Recall feature 
Automatic scrol l ing 
Autornatnc or Manual speed control  
Copy Morse Code f rom 6-60 WPM 
Easlly connects between receiver and 
TV set 

Write for  more information 
MK-1 Memory Keyer 1169.95 
CMOS PCB Keyer $24.95 

DGM ELECTRONICS 
787 BRIAR LANE. BELOIT, WIS. 53511 

- 
de. 
ne. 
BC h 
11 I1 
, I Y ~  
:er- 
I I IC  
an: 
SIC 
~ l y :  
lor- 
be 

UlV unreaulated 
en1 

=-  
Ruqged, p las t ic  1 encased  w i t h  Price $19.95 1 w111 

!PT 
mss . Adjustable trequemy F 
o 5 ( 9 8 - 2 5 0  Hz), Lower 
:YL 
For . Excel lent stability 
15. 
OR Send for more info 



Use inexpensive recycled 10 or I1 meter ssb exciter on 2 meters. 

Pt4 W i d  $24.95 
Frequency Schemes Available: 
VX2-4 28-30. 144-146 i7 Otherfrequency 
VX2-5 28-29 = 145-146 ranges available 
VX2-6 26-28 = 144-146 " on speciol order 

2M LINEAR POWER AMPLIFIERS: 
W2-( ) TRANNERTER KIT $59.95 LPA 2-15 Kit 15 W p.e.p. 169.95 
A25 Optlonal Cablnot for XvortmrLPA $20 LPA 2-70 Kit 70 W p.c.p. 1139.95 

*Covers any 4 MHz band 

SSB, CW,& F M  activity on your present HF receiver. 

either one 

-ONLY 534.95 
including crystal 

*Covers any 6 MHz band in  
UHF range of 380-520 MHz 

M X  RF RANGE (MHz) I-F RANGE 

C432-9 439.25 

A9 Extwdcd Alum Case/Connectws 

+ NL:'! GCI.JEXATl0i.i PICLIVCRS 
I S  YOURS FOR THE ASKING1 

720 Tripler/Drivcr Kit. Use with 740 for operation ............... on 432-450MHzband 519.95 Q P H O N E  716-663-9254. 
service evenings and weekend1 
vmimce. Personal servlce 9- 

b ~ s e  c r e d i t  ca rd ,  c.0.a.. c n e c ~ ,  m . o .  

R70 6-chonnel VHF Receiver Kit for 2M, bM, 10M, ........... 220 MHz, or com'l bands. $69.95 
Optional xtal filter for 100 dB adj chon 10.00 

T80 RF POWER AMPLIFIER MODULES FOR ABOVE 
*No tuning *VSWR Protected *Wired ond Tested 
*Rated for Continuous Duty - Great for Repeaters 

FOR FREE 
.E ORDEI  

VYI...nll 

fa your ca 
5 -stern tir 

h a n d l i n g  
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nothing . There's I 
like it 

R l O l O  A M A T E U R  Jib k 
ca oo 

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 ex- 
pect from the Callbook. 

Specialize in DX? Then you're 
looking for the Foreign Call- 
book wi th almost 300,000 
calls, names and addresses of 
amateurs outside of the USA. 

U.S. Callbook $14.95 

Foreign Callbook $13.95 

Order from your favorlte electron- 
ics dealer or direct from the pub. 
lisher. Al l  direct orders add 51.50 for 
shipping. Illinois residents add 5% 
Sales Tax.  

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

Lake Bluff. 111. 60044 

flea market 
WASHINGTON STATE: FIRST ANNUAL 7.LAND OSO 
PARM sponsored by NAS Whldbey Island A R C. from 
12WZ July 1st to 24002 July 2nd 1978 lor single and 
mu1t1-operator. slngle lransmitler stations. Object l o  
work as many 7-land WNE stations as possible In M out 
of 36 hours. For more lnformatlon. write Bill Gosney. 
WBIBFK .  4471 40th N.E. S t ree l .  Oak Harbor,  
Wash~nglon 98277. - 
HAMFESTERS U T H  ANNUAL PICNIC AND HAMFEST. 
Sunday, August 13.1978el Santa Fe Park. 9131 and Wolf 
Road. Willow Springs, Illlnols. Southwest suburb of 
Chlcago. Exhlblls for OM'S and XYL's. FAMOUS SWAP. 
PERS ROW. Tlckets at gate 52.00. Advance 51.50 For 
Hamfest Info or Advance Tlckets (send check or money 
order - SASE appreciated) to Bob Hayes W9KXW. 
18931 Cedar Ave.. Country Club Hills. lL60477. 

OHIO - Wood Counly 14th annual Ham.A-Rama Sun- 
day. July 16. Fairgrounds. Bowllng Green 011 1.75. 1O:W 
AM. Admlssionlparklng free. Tables I 3 0 0  or 8 It. space 
52.W. Advance - dealen only. Tlckets: 11.50 advance 
- 52.00 door. Maln prlze and d w r  prlzes. KBTIH lalk-in 
146.52 slmplex. Wrlle: Wood Counly ARC. Erick Wlllman. 
14118 Bishop Rd.. Bowling Green. OH 43402. 

-- 
MISSOURI: Indian Fwlhl l ls ARC Thlrd Annual Hamfest. 
Sunday. July 23. 1978 at Saline Counly Fairground. Mar. 
shall. Reglstrafion 52.W advance: 12.50 door. Refresh- 
ments. Flea Markets for the OM and XYL. Tables lor a 
small charge. For Information and advance tickets con. 
tact Jlm Lltlle. WDQBPG. 405 East Rosehlll. Marshall. 
Missouri 65340. 18161 886-8583. 

ILLINOIS: The Blg Thunder Hamfesl. July 30. 1978. 
&one  Counly Falrgmunds. Belvldere. B:W AM and 300 
PM. Tlckets 51.50 advance, 52.00 gale. Campers $2.00 
addltlonal. Talk In on 94 slmplex. Write l o  Mike George 
KWRU.6159 Broadvlew Ave.. Belvldere. IL61008. 

OHIO: NOARSFEST - Saturday. July 8. Loraln County 
Falrgrounds. Welllnglon. Prizes. Blacktopped Ilea 
market area, 51.00 per space. Tlckets: 11.50 (before July 
1). 52.00 at gate. Info B Tlckets: NOARSFEST. P.O. Box 
354, Loraln. OH 44052. Directions: 146.10170. Moblle 
check.1n for prizes: 146.52. 

OHIO: Kent Stale Salem hamlesl July 23. 1978. Maln 
door prize: Ten.Tec H540 transceiver. Hot air balloon. 
ramp for wheelchalrs. free parking. Wives and chlldren 
under 12 free. Recreallon facllltles. XYL drawing. Open 9 
AM. Maln drawing 3 PM. Admlsslon 12.00, fleamarkel 
51.00. tables 15.00. Talk.in: 146.10170. Info: WBJPG. 
147.27. Mllhoan Electronics. 1128 W. Stale St.. Salem. 
Ohio 44460. (216) 337.9275. 

ILLINOIS: The Sangamon Valley Radio Club of Sprlnp 
Ileld. Third Annual Hamlesl Sunday. September 24th. 
Sangamon Counly Falrgrounds In New Berlin. 16 miles 
wesl of Sprln~fleld. Hear Hugh Vandegrlll WA4WME talk 
on the Cllpperton DX-pedlllonl Varlous exhibits, klds 

THIS IS IT 

MODEL 44 11 T H R V L I N E ~  

RF DIRECTIONAL WATTMETER 
with VARIABLE RF 

SIGNAL SAMPLER - BUILT IN 

AUTHORIZED nim DlSTRlaUTOR 

E!&l 
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 

MILITARY 
SURPLUS WANTED 
5 r  ,< *> * 8 , .  17 r ,"<I , ,. IT<>,' tia2h- 

plus, e ~ p ~ ~ # d l l y  U I ~  Cc~l l lnS equtpmf!nl 
or parts We pay lrelqht Call collect 
now lor ,our hlgh o l le f  201 440-8787. 

SPACE ELECTRONICS CO. 
dlv 01 M~lt tary Elcclronlcs CorP 

35 Ruta Court. S Hackensack. N.J.07606 

- 

MARYLAND - Hamlest. Baltlmore R.A. N Soc. Sunday. 
July 30.8:W AM - Howard Counly Falrgrounds. Rt. 144. 
15 ml. wesl of Baltimore. Off 1.70aDRf. 32. Tlckets $2. 
Tallgallng $2. Tables - Advance 53. Door U. Prlzes. 
Flea Market, Refreshments. Contests. Talk in: 146lW78. 
147.63103. 146.52. 52.525. XYL's B under 12 Free. Wr~le: 
BRATS. Box 5915. Baltimore. MD21208. 

K-EN' 
Freqymry Co~~~ters  
Prercalers 
Marker h Peaking 

Box 4 

eralor5 
Write 

10 IPsmp St2 
Phon 

, kr  Free Cal 
I . R d . )  F 
e: 918.676.3 

Powrr Supplies 
An~pl~herr 

'4343 

activllles and food. Camplng. Flrst Prize - Bearcal 210; 
Tlckets: 11.50 advance, 12.00 a1 gate. lnformallon - A1 
K9QFR; Tickets - Carole WBWWR. wrlte CIO 1025 S. 
Sixlh. Springfield. Illinois 62703. 

INDIANA - lndlanapolls Hamlest. Sunday. July 9. 6:W 
AM - 420 PM. Marion Counly Falrgrounds. Commercial 
Exhlblllng. Flea Market, Camping with hookups. Wrlte 
- lndlanapolis Hsmfesl. P.O. Box 1002. lndlanapolls. IN 
48206. - 
RHODE ISLANO 0.50 PARTY Two periods (GMT) Sat. 
July 22 1700 - MW Sun. July 23; Sun. July 23 1300 - 
O1W Mon. July 24 Sponsored by the East Bay Amateur 
Wireless Assoclallon. R.I. Slaflons work olher R.I. Sta- 
l ionsandthe rest of the world. Others work R.I. Stations. 
The same slallon may be worked once per band and 

Lalw 
airland, OK 7 
,752 

mode. Exchange: Send RS(T). OTH. Counly for R.I. sta. 
tlons.Sta1e. Provlnce orcountry lorall olhers. CW: 1810. 
3550. 3710, 7050. 7110. 14050, 21050. 21110. 28050. 
28110. Phone: 3920. 7280, 14300. 21380. 28600. M.3. 
145.1. Use of FM simplex Is encouraged. (No repealers). 
For more Info, wrlte: East Bay Amateur Wireless 
Assoclallon. P.O. Box 392. Warren. Rhode lsland 02885. 
Include SASE lor results. 

- . . - - - -  
Featur jng. Y ; $ e s u .  ICOM. Drake.  Atlas. Den. 
Tron. TewTec. Swan. Regency. Standard. 
Tempo. KLM. Hy-Gain. Mosley. Larsen. 
Mudland. Wtlson. Southwest Tech Products. 

CENTRAL NEW YORK'S FASTEST 
GROWING HAM DEALER 

We 1erv8cP ~~crylh;,lg we ICII! ~ r l i e  or c , l i l  1;; 
quole. YOU WON'T BE DISAPPOiNTED. 
g,mq We arQ iusr a Irw mtnuler olf the 

NYS Thruway (1-90) - E x i l  32. 
-- 

PENNSYLVANIA' Two Riven ARC 14lh Annual Hamlest 
July 23 Green Valley Fnre Department Falrprounds 011 
US Route 30 near E McKwesport Flea Market For mlor 
malaon Andrew Sal~tros W3OFM 2901 Slewan St. 
McKeespoo PA 15132 

More Details? CHECK-OFF Page 142 



If you've got a calling for far-reach- (and $39.95 for the 75-meter add- 
ng action, have we  got a number on kit), at  your Swan dealer. 
:or you! 5 f IF- JJ And by all mcans, usc your Swan 

Swan's 4010V: precision engi- Credit Card. 
leered for 40-20- 15- 10 meters. I :"I I , I . .  I..I (.!is . ..,. I.,r I 

r------------------------y 

1 1 0  ,)I 1 \, > I 
I Please t.u*h lul l  cprcr lor Swan's I 
I I hplrill VFWY < 18r%.* with ..lim-line traps, this 4-band I JfllllV & ~ ; I I I C I  1r;'p vcrlical antenna 1 

75 A K  75-lnrler KII I 
vertical offers advanced light- I 

I I 
weight construction with heavy I K ~ , , T , c  I 

I I 
I I f3za :" : ,  I RI I,t , UP weight 4010V's performance. fine-tuned to handle 

: I Addrec.; - -  - - I I I 

ZOO0 PEP. With a typical VSWR of : CIIV ~~ -- I 
I 

1.5: 1 at resonance. I I 
I S l i l l ~  z l p  - - I 

I POwerfu ' l~ designed-yet power- FREE! Personalized call-letter plaque I 
fully simple to set up. I 21 !" x 4" with stand. I 

No-hassle installation. The 2 1 ' im nu charge 

I 
I 

, I  f3ZI=q. I Y I  ,,I I vl \ 
,I ,)  vertical comes in short, easy to I pl;tque Pleabe send ~rnpr in~cd  n l ~  I I 

assemble lengths. Complete with w i ~ h  m y  statlr,n call 

mounting hardware. You're up I -  I 
I 

: I  and running in record time. L------------------------A n a m 7 / 7 8  I 

Expandable too. No trick at all 
to stretch your reach into 75 -AN 

, meters. with the optional Swan 
ELECTRONICS 

,, _ / I '  ~llil,, , , I  < ,1111, llll/l.ll,llll. 

75 AK Kit. 305 Airport Koad. Oceansidc. CA 92054 
Just 579.95 lor an su.an.5 conlllllllnp cIIrn lr~t tn~cnt  lo prtduct trnprovcmcnt 

4-band trap vertical, the 4010V m.v S I I C C ~  .pt.cl~rcatlons and prlrc% W I ~ ~ ~ I I ~  nwncc 



I BIG REGENCY 
FM CLOSEOUT I Don't pass up the Savings! 

HR-20 2111 Fm Xcvr 1 5 ~ .  12ch w/94 CIYSI~IS. 
mrc !. rnl (Reg $229) . . .CLOSEOUT $139.00 

I HR-312 2m FM Xcvr. 30w. 12ch T/R w/.94. 
mlc & mt. (Reg. $2691 . . CLOSEOUT $169.00 

I HR-6 h FM Xcn. 25w. 12 ch T/R w/52.525. 
mlc & mt. (Reg. $2391 . . . . CLOSEOUT $149.00 

HR-220 220 MHz FM Xcvr. 12 ch T/R w/223.5. 
mlc & mt. (Reg. $2391 . . . . CLOSEOUT $149.00 

I HR-440 440 MHz FM Xcw. low. 12 ch w/ 446.0. 
mlc & mt. (Reg $3491 . . . .CLOSEOUT $249.00 

I AR-2 2m FM Power Amplifier. 13.8vdc. 9 A. max. 
5db power galn. 10 to 25w ~nput lor 32 to 80w out. 
put. (Reg. $1191 . . . . . . . . .CLOSEOUT 199.00 

HRT-2 Ba i c  2m FM Hand Held XCW 2 or 1w. 5 ch 
w/ 94 crystals Wh~p antenna No other access0 
rles (Reg $1791 CLOSEOUT 199.00 

HRT.2 Deluxe. As above, but ~ncludes N~cad Bat 
tery. Charger. Flex~ble Antenna. External 
M~crophone Earphone. Case and OC Cord w~ th  plug 
(Reg $2951 CLOSEOUT $195 00  

I All NEW - Full Warranty! 
E x t n  cryctrls for 216111. $5.00 each. 2201440 
MHz - $10.00 each. Quantities Limited. Order 
direct from thlc ad. Send Check, Money Order or 
usa your Masterchargo or BankAmericard (VISA). 
Allow $5.00 for UPS shipping charges. 

Write for FREE 
1978 CATALOG 

AMATEUR 
ELECTRONIC SUPPLYdD 

4828 West Fond du Lac Avenue 
Milwaukee, Wisconsin 53216 

Phone (414) 442-4200 
BRANCH STORES: 

28940 Euclid Avenue; Wlckliffe. Ohio 44092 
Phone: (2161 585.7388 

621  Commonwealth Ave.: Orlando. FII. 32803 
Phone: (305) 894.3238 

Note: Branch Stores are set up lo handle Walk-in 
business or telephone ordersonly They oo not have 
lacllities l o  respond to wrltten rnqulrres 

flea market 
MONTANA: International Glacler.Waterton Hamlesl July 
15 and 16. Three Forks Campground. 10 mlles E. of 
Essex, Mt. on US. 2. 8:W AM MST. For Inlormatlon: 
Internallonal Glacier-Waterton Hamfest. P.O. Box 2225. 
Mlssoula. MT 59806. (406) 5435033. 

MAS* Norlhem Barkshlre Hemlest Julv 8th and Slh . . . . . . . . . . - . . - - .-...,. - - ~  

Cummlnglon Falr Grounds. Cummlngton. F m  over- 
nlgw ccmp,ng, tech talk 6 demos. dealers. Flea Matkel 
$1 Adm oslon $4 4 t h  opouse 16 Advanced U a n d  $5 For 
lnlo *r le  WAlZNE Hlldy Sheelm. 89 Greylock Terrace. 
Plttslleld. MA01201 

OHIO: The Tusco Rsdlo Club and Canton ARC'S 4th Am 
nus1 Hall of Fame Hamfesl, Stark County Falrgrounds, 
Csntnn Free dlanlav room lor manufaclurers and dl, . . . , . . . - . - - . - - - - - - 

i l b " t i r s  o i i~ect ron ic  equipment Regdlar gate charge. 
Free camplng Wfnta: Mar Lebold. WABSHP. Chabrrnen. 
Hal of  Fame hamtest. Box 3. Sand~vllle. OH 44671. 
Phone B~s~ness216821.57400rhome2IbBB63714 

MICHIGAN: 301h Annual U.P. Hamfest. Saturday, July 29 
and Sunday. July 30. Dlcklnson County Armory, on M-85 
Kingslord, 9:W AM. Tickets: $2.50 advance - $3.00 
door. Salurday banquet $6.50. Reservations by July 1. 
Prlzes galore. Talk In 148.2Y85and 3922. For Inlorrnallon 
write UPHAMFEST 78. Box 2056. Klnpsford, MI 48801. - 
CORA HAM HOLIDAY '78 OKLAHOMA: Central 
Oklahoma Radlo Amateurs wlll present Ham Hollday'78. 
July 2B2930. Location: Llncoln Plaza Forum. 4345 North 
Llncoln Boulevard. Oklahoma City. Pre-reglslratlon 
batore July 14 $3.00. IUY) at dwr .  Non-comrnerclal Ilea 
market tables FREE. Commercial Exhlbllors contact 
K5MB. (405) 787.9545 or 787.9292. Many prlzes. spaclal 
pre-reglstratlon prize. Mall preregistrallons to HAM 
HOLIDAY '78. P.O. Box 14M)l.OhlahomaClty.OK 73113. 

MICHIGAN: 3rd annual Slralls Area Radlo Club Swap 
and Shop. Saturday. August 5. Emmet County 
Fairgrounds. Cherlevolx Avenue. Petwkey. 9:M) AM - 
300 PM. Talk.ln 146.52. Admlsslon: 51.50. Food, prlzes. 
Campsites. SARC - W8IZS. Box 418. Pelston. MI 49789. 

- 
B l M  UR.T.0. WORLDWIDE R l l V  CONTEST ID78 We 
have the ~ r a a l  pleasure to lnvlle you to loln the 8th WIW 
R l W  Contest run by the Scandlnavlan Amateur Radlo 
Telelype Group. 1: OOOOOBOO GMT Sat. Aug. 19; 2: 
18002rWGMTSat. Aug. 19; 3: 08001600 GMT Sun. Aug. 
XI. U8e all bands 3. 5. 7. 14. 21. 28 MHz. a) Single 
OpBrator. b) M~IlIQpBralor. Slngle lransmlller. c) SWL's. 
RST and OSO nr. To the lop statlons In each class, coun- 
try. WIK. VElVO and VK call dlstrlct. For more lnlorms 
tlon, wtlte: OZ2W C.J. Jensen. Melsnersgade 5. 8900 
Randers. Denmark. 

THE ICHN.MARAC 10th ANNUAL CONVENTION W l l l  bs 
held July 6, 7 and 8 at the Hollday Inn 4545 N. Llndburg 
Blvd., Bridgeton. MO. Thls conventlon wl l l  Involve 
Amateur Radlo operators from every part of the Unlted 
Stales and several DX statlons. All sharlnp a common 
Interest In county hunting and moblle operallon. The 
election 01 MARAC olllcers, mwtlngs, workshops and 
some mosl Important social acllvllles wlll hlghllght thls 
years convention. 01 course there wlll be prlzes, and 
awards to add spice l o  the fesllvllies. Those Interested 
In attendlng this years conventlon can send lor lnlorma- 
tion to Convention Dlreclor Jim Glascoch WQFF, 2418 
Manhallon Ave.. St. Louis. MO63143. 

- 
IDTH ANNUAL NEW JERSEV OSO PARTY - July 29. 
31. Contest Is from X X X )  UTC Saturday. July 29 l o  0700 
UTCSunday. July N a n d  from 1300 UTC Sunday, July 30 
to 02W UTC Monday. July 31. For detalls on contesl 
wrlte: Englewood Amateur Radlo Assoclallon. Inc., Post 
Oftlce Box 528. Englewood. New Jersey07631. 

Stolen Equipment 
STOLEN FROM AIRLINE BAGGAGE, probably elthar In 
MlnneapollsiSt. Paul or San Franclsco, Wilson WE.800 
Yn 12521811 wlth 10 whlte "no brand NI.Cad batteries 
Inslde, flex antenna wlth UHF ell connector and UHF lo  
BNC connector. Also homebullt battery charger wlth 723 
IC. Mitt Nodacker. WA7TFE. Box 2632. Pocalello. I 0  
m201 .--. - 
STOLEN EQUIPMENT: 1. KLM 180 watt arnpllfler, no I.D. 
2. Black Heath 2036 wlth Mlcoder and several obvious 
modlllcallons: hl-low power selector on squelch knob. 
Varlable power on Internal patenllomeler. RCA plug 
replaced wllh 50.239. Social Securlty No. 350-301717 
etched In loll on lransmltler board. Darrel Doraetl, 
K9JKZ. Kanhakee Area Career Center. Rt. 2, Road 1WW. 
Bourbonnals. lL80914. 

COLLINS & MORE 
Ham Gear 

Collins 180S1. Antenna tuner 
Collins 51J4 w lSS8  Mod, l ike new f% 
Collins 31284. Sta. Cntl.. rd.. exc. $250 
Collins 31285, Vlo Console. my g d  $495 
Collins 31285, Vfo Console. new. orlg. box 

$795 
Collins 32S3, Transmitter. rnd.. exc. I l l 5 0  
Collins 7553, H a m  receiver. my g d  $425 
Collins 75S3B. H a m  receiver. my d $695 
Collins 75A4. H a m  receiver. my gff $425 
Collins 51S1. 2-3OMHz rcvr Special 
Collins R.388/51J3 receiver. my g d  $425 
Harnmarlund SP-600JX. .550MHz rcvr 

$395 
Collins CP-1 Crystal Pack $195 
FREOERICKS: 

Model 1200 FSK demodulator exc. $495 
Model 1250 mert. disp. unit. exc. $475 
Model 1500 HF receiver. exc. $795 
Model 1550 synthesizer. erc. $895 

Racal 6217E. .5.30MHz receiver Special 
New R390A receivers available. Cal l  for 
quote. 

Test Gear 
Tektmnlx 422 portable scope, my d 
Tektmnlx 564 slorage scope w,$ plu!:: 

6 probes, vy  gd  $695 
Blue M tamp. cont. water ba th  SPB-103 

C1, new $250 
Measurements Mod. 658, L F  slg. gen. $365 
Measurements 260A Q-meter, exc. $525 
Measurements Model 80. 2 4 0 0  MHz  s i c  

gen. $350 
Tektronix 585A. scope. 80-MHz bandwidth 

$595 
We stock good, used equipment from Collins, 
Drake, Heath and other manufacturers. Hundreds 
of test items also available. Call for specific re.  
qulremmtr, w 

write for free catalog. 

DAMES COMMUNICATION SYSTEMS 
201-998-4256 

10 S C H U Y L E R  A V E N U E  
NORTH ARLINGTON.  N. J. 07032 

- -  
~ l l c q u i ~ r n e n t  sold checked 

and realigned 

* 
PCP'' TYPE : f l  KZ 

I 

SEE POPULAR ELECTRONICS 
FEB '78 ISSUE! 

111,111 ,..<....,. I I C I  O Y I I I I I  ,C,.,,d ' l C I V l l  h..,,, 411.111, 1.6. 
.$I)('.. I..~lrrrlla. <1la1.%' '3. .I>. br n.4 !m .I&. $m(1111,.4 
..In 1 ~ r O  Ira.# p.n.1 4.1.18 I I ) U ( l t  pl.l#l+.I d.c.Ir l .lhm 

(KIIs Available) 

Small Pkg. 6pcs 4x6 $5.49 
Med.Pkg. 4pcs 6x9 $6.95 
Large Pkg. 3pcs 9x12 $7.95 

1 
,111110 <,K,ll ,11,1c11 CP 

A 

FXps OWERS 

TEXAS TOWERS Ollers ware- 
house-dlrecl sales 01 amateur 
ladlo antenna system products 
- shlpplng dlmlly lo hams and 
clubs nal~onw~de Juw Features: 

Amettca's best lower buy. CMlwlldaled HO-16. W In4 wllh lql 
and bars secllon $215 FOB. HO-18 (rated al 66% 01 H0.16 
capacity) 60 loot $175 FOB, hsavpduly p q  kII lor 60' tornrs 
139 50 New ham radm product crank-up quymd mh, rated 
lor 3 w. It anlenna. 40' $74 50. 50' 184 50 FOB TOWER 
GOODIES 3/16" Galvanaec a~rcrafl guy cable S611W' - 
S75l1000'. 114" EHS guy wble 1121100' - S99/lWO'; 
3/16 pUt~IcabMclamps30P - $26/100. 114"cdbleclamps 
429 - 1401100. 114" Prelormsd deadends (guy wrap) $1 65. 
Heavy duty guy insulatwr $1 10. 318" eyeljaw galvantzed 
IUrnbUCkleS15 M. 112"Iurnb~ck1es$6 75. FOB. MOO I1 reels 
01 guy cdbla - 3/16" S3W. 114" $450 FOB CDE ROTORS 
CO-44 $99. HAM Ill $118. Tall Twlster $212. all poslpa~d In 
Contonenla1 U S. CLUBS1 
BROUPS 25 sscllons 
HO-16 $799. lreighl prepad 
most stales east 01 Rockles 
Send SASE lor our lalesl 
prlce llsl and product 
Inlormallon. 

WrneTEXAS 
Williamson' K50W 

'I3 Dr1v8 

~ ~ ~ 4 " ~ & ~ ~ , " , " ~ ~ ~ ~ ~ : ~ k , d I  



INFO-TECH M-300 
TRI-MODE KEYBOARD 

A microprocessor controlled keyboard 
that generates: Morse, RTTY, & ASCII. 

Morse Features: RTTY Features: 
4 to 125 W.P.M. in 1 W.P.M. increments. 
9 adjustable weight levels 
relay keying 
sidetone with tone and level adjustments 
special keys: AS, BK, BT, AR, SK, CQ, DE 

ASCII Features: 
l l0&300Baud 
2 shifts (170 & 850 hz) 

Other Features: 

4speeds 
2shifts(170&850hz) 
built in AFSK 
built in CWlD 
built in RY generation 

Built in quick brown for generator on all modes 
Automatic CR/LF 
700 Character Running Buffer 
10 recallable, user programmable message memories of 120 characters each 
CQ & DE special keys on all modes 
Keyboard control of all functions except shift & buffer control 
4 row keyboard eliminates figures/letters shifting on RTTY 
Many more features. 

Best of all, only $425.00 F.O.B. Factory 

Order Direct or From These Dealers 
Advanced Electronics 
1249 W. King St. 
Cocoa, Florida 32922 
305-631 -1 190 
Cohoon Amateur Supply 
Highway 475 
Trenton, Ky. 42286 
Emona Electronics 
661 George St. 
Sidney, N.S.W. Australia 
212-4815 
Germantown Amateur Supply 
3202 Summer Ave. 
Memphis, Tenn. 381 12 
800-238-61 68 

Ham Radio Center 
8342 Olive Blvd. 
St. Louis, Mo. 63132 
800-325-3636 
G.Hutter-Kunststofftechnik 
Postfach 2129 
D-8990 Lindau (6) 
West Germany 
(Dealer for Germany. Austr~a. Sw~tzerland) 

International Commercial Sales 
14 Pleasant View Drive 
Annawan, 111.61234 
309-935-6567 
Marcucci - SPA 
Via F, LLI-Bronzetti 
37-201 29 
Milan, Italy 

Mid Com Electronics, Inc. 
2506 South Brentwood Blvd. 
St. Louis, Mo. 63144 
31 4-961 -9990 
N & G Distributors 
4545 N.W. 7th St. 
Miami, Florida 33126 
305-448-7530 
Universal Amqteur Radio, Inc. 
1280 Aida Drive 
Reynoldsburg, Ohio 43068 
61 4-866-4267 

Visa & Master-Charge Accepted 

I HCORPORATED ~pecial iz inp in Digital Electronic ~ y s t s m s  

2349 Weldon Pkwy. St. Louis, Missouri 63141 Phone (314)57&5489 

More Details? CHECK-OFF Page 142 july 1978 127 



f REPEATER USERS - stay in  ouch - with DSI 

I UNIVERSAL TOUCH-TONEB ENCODERS 
The Date Signal TTP Series of keyboard encoders is used to  
generate the standard 12 or 16 DTMF digits. The encoders 
~ r o v i d e  fullv automatic transmitter kevinn and feature a 
delayed Transm~t Ready Ilght, an ~nterdlgtt t;mer, and a buolt. 
~n auam monntor Features also anclude all solod.statc. crystal. 
controlled. d~aotallv svnthesued tones ana an o~toonal onternal 
mount ~ i to<a t~c -NGmber  Identiller (ANI). 
TTP-I (12.di~it) $59.00 
TTP-2 (16diglt) $69.00 

MODEL DTM - Completely self.contained miniature encoder 
for hand-held po,rtables. Only 5/16" thick, Three wire, con- 
nect~on. Automat8c PTT key~n  opttonal. Wlth our cholce 01 
keyboards. Price DTM - $39.65. DTM-PTT - $44.00. 
.Touch-Tone is a reg~stered trade name of AT&T. 

-- 

DATA SIGNAL, INC. mm 
2403 COMMERCE LANE Be sure to ask about 

ALBANY. GEORGIA 31707, 912-883-4703 
our new keyers and CW 
memory tor CW buffs. 

SUB-MINIATURE ENCODERS 

MODEL SME - Smallest available Touch Tone Encoder. Thin, 
only .05" thick, keyboard mounts directly to  front of hand- 
held portable, while sub-miniature tone module fits inside. 
Thos keyboard allows use of battery chargers. Price $29.00. 
with your choice of keyboards. SME (less keyboard) $24.00 

128 july 1978 More Details? CHECK-OFF Page 142 

AUTOPATCH - Ready to go! 

- 7.. ."TO U I C "  

A Complete Autopatch facllity that requires only a repeater 
and a telephone lone. Features include single-digit access/ 
disconnect, dlrect dnaling from mobile or hand-held radios. 
adlustable amplifiars for transmitter and telephone audio, and 
tone-burst transponder for acknowledgement of patch dls. 
connect. 
RAP-200 P. C. Card f 199.50 
RAP-2OOR Rack Mount 249.50 



SPECTRONICS, wc. 
1009 Garfield St.. Oak Park, lllinols - 6O3M 

SELECTED 
(312) 848-6777 SPECTRONICS VALUES! I 

$1 000 QUALITY CRYSTALS FOR 2 METERS and 220 MHz 
PER PAIR We are now stocking crystals for most 2-meter pairs and the most popular 220 MHz pairs. If you 

need crystals for use in any radios listed below, we can normally ship from stock the same day 
your order is received. These are quality crystals, built to exacting specifications to provide 
trouble-free operation. 

146 MHz PAIRS 147 MHz PAIRS 220MHz CRYSTAL PAlRS 
TransmltlReceive Transmit&Recelve TransmitlReceive 

146.01 / I 4 6 6 1  147.99 147.39 222.22/223.82 MHz 
146.04/ 146.64 4796i 47.36 222.34/223.94 MHz 

147.93i'147.33 222.50/224.10 MHz THE BIG DUMMY 146.07/146.67 147.87/147.27 
2-METER CRYSTALS 146.10/146.70 147,84/ 147.24 222.54/224.14MHz 

146.13/146.73 147.81 / 147.21 222.94/224.54 MHz 
IC22, IC21 and lC21A. 146.16i 146.76' 147.78/147.18 223.06'224.86 MHz 

223.18/224.78 MHz Wilson: Model 1402 and 1405. 146.19/146.79 147.75 
223,22/224,82 MHz LOW-cost dummy load covers the 

220 MHz CRYSTALS 146.22.'146.82' ' 223,26/224,86 MHz lull range from 1.8 to 300 MHz 

146.25'14685 147.66/147.06d 223,26/224,86 MHz with flat SWR. Vented container: 
146.281 146.88' 147.631 147.034 223,26/224,86 MHz comes with one gallon of high 

Wilson: Model 2202. 146.31 /146.91 147.30;147.30 223.30/224,90 M H ~  quality industrial-grade, long-life. 
146.34/146.94 14742'147421 223.341224 94 M H ~  transformer-type cooling oil. Power 

ORDERING INFORMATION 146,34/146,94. 147.48,'147.48( 223,38,,224,98 M~ capability: 1 kW continuous car- 147.51 /147.514 
147 .54 /~47 ,54~  rier. 10 minutes: 2 kW PEP. 20 

146.49l146.49 147.57/14= SIMPLEX minutes. Duty cycle: 50%. Imped- 
ance: 50 ohms non-inductive. 

TransmitlReceive VSWR: 1.05:l or better. Size: 
Note: Items marked ' stocked for 223,46,.223 46 MHz 6-5/8" dia. x 7%" high. Wt.: 10 
Wilson only. C stodked lor ICOM only 223.54/223 54 MHz IbS. 

MOSTEK AUTO-PATCH TONE GENERATOR 

Econom~csl DTMF generallng ryrlem cornblnas CMOS logtc. D-lo-A 
conveners an operaIlona1 arnpl#l#er and blpolar lransoslors on a 
.cnolp IC clrlo Uses wexDenslve 3 58 MHz crvstal Dun1 lone* mlx 
~n&nally. ~ d n e s  are 14-ilep synlheslzed son6 waves tor low dls- 
Iortlon. Comp~llble with D8gotran' keyboard. Common key luncllon 
ou1pu1s. For 5-10 V. 
Model MK 5066. Interlaces lo either a 2-01-8 keyboard or other 
elecllonlc S v s l e m ~  . . .  . . . . . . . . . . . . . . . .  $9.00 

12 Key 

$8.00 
16 Key 

$10.00 

KEYBOARD WHEN ORDERING FROM 
SPECTRONICS, REMEMBER: 

O.D. ORDERS require payment to  be 
made by cash, certified check, or 
money order only. We will gladly quote 
you the exact amount that the delivery- 
man will ask for. 
SHIPPING CHARGES must be added 

I Aslar value a1 Ine Davlon HamvPnt~on Incornt~~.,~ ., . $deal ALL ORDERS Sent F,O,B, Oak park, 
l a c l l l e  lee, laavtnq no doubt lhal conlact ha,, tl4.i.n made 
These new u%imardc axe manulaclured bv lht  o ~ ~ ~ r , ~ r l  (.om- I Illinois. 

FAMOUS HAM-KEYS ... POPULAR FAVORITES FOR CW! 
\ 

Model HK-1 Dual-lever squeeze paddle. Can be used with any 
electron~c keyer. Heavy base has non-slip rubber lee1 Pad- 

. . . .  dles are reversible lor wide-llnger or close-finger spaclng 
$29.95 

Model HK-2. Same as HK-1 less base. For incorporat~on in 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ownkeyer $19.95 

Model HK-3. Deluxe straight key. Heavy base so there's no 
. . . . . . . .  need to attach to desk. Velvet srnoolh action $16.95 

. . . . . . . . . .  Model HK-3A. Same as HK-3, less base .$9.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Navy type knob only. $2.75 

Model HK-4. Combines models HK-1 and HK-3. On heavy base 
w~th  non-slip rubber lee1 . . . . . . . . . . . . . . . . . .  ,544.95 
Base only, with rubber feet Heavy . . . . . . . . . .  $12.00 

. . . . . . . . . . . . . . . . . . . . .  Terminals. Red or black Each S .75 
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Ctvstal controlled highly accurate & 
stable. 
Two output lines; high impedance and 
low impedance. 
Adjustable level control, both outputs. 
Low distortion sine wove output. 
Completely encapsulated tor physical 
ruclcledness. 

8- 16 volt oper6tlon 
~ ~ g h  RF lmmunlty 
100 Hz standard, omer trequencres 
ovalloble on request 
Ports & workmonshlp tully wanonteed 
tor 2 yeors, when operated wtthln 
spectt~cotlons 
Mounttng cushron provrded 

The all new AR model M 100 PL unlt 
unllke the other type Insures agolnst 
physlcol damage ond Inadvertent 
short-c~rcu~ts becouse of 11s complete 
encopsuiot~on In restl~ent epoxy 
Furthermore the M 100 PL uniquely 
offers your chotce ot htgh and low 
Impedance outputs to foctl~tote flndlng a 
su~toble ~nlect~on polnt Should for any 
reason other thon physlcol abuse the 
M 100 PL unlt fall wlthln 2 yeors AR wtil 
reploce 11 on on exchonge bosls for only 
$6 50 hondllng fretght ond lnsuronce 
chorges 
- 

D e d i c a t e d  to Exce l lence ARZS' 
Box 62 88rmngnom MI 48010PhOne(313)5882288 

'~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 elecrronic keying years ahead! By engineering 
n truly electronic. electronic keyer, we've eliminated the 
most cumbersome part of sending Morse code: the 
adjusting and readjusting of mechanical connections. 

The Feather Touch responds to your lightest touch. freeing 
"ou from slapping, sloshing or squeezing. Order your Feather 
Touch now. or write for information and a liht of authonrrd 
dealers. 

At Kantronics. we  think sending Morse code should 
be an art. not an effort. 

*' C2KANTRONICS 8 
(be' 1-11,. 1.,1,/111,1.1!q111 f 'Iltlllljl., 

0 1 2 0 2  t a s !  13r0 51 
~ a r t l l n , , .  ~ r n r a s  66044 1 ~ 1 - n n o n e  91 3 841 7 / 4 5  

JAN CRYSTALS 

Marine VHF 

Serlu 1 0  10,  ~ i u r  laresl catalog 
Wrrr? or phone lor nlore delaus 

ATV in a Nutshell 
IJ R.ATV Subt~t led,  "Every. 
thing You Need To Know 
To Bui ld and Operate Your 
Own HAM-TV Station", 
th is brand new book 
of fers beginners and 
more experienced 
ATV operators the 
most complete, 
authoritative informa- 
t ion now available. 
Send for your copy 
now! 67 pages.Cl978 ORDER TOLL FREE 
Softbound $5.00 
include 35. tor shipping 800-258-5353 rz] 1 

1 Check or Money Order Enclosed I 
I 

Charge ~cc1. t   EX^.- Bank#- 

Name I 
Address I 

uokslore State- Zip- 

Greenvllle, NH 03048 Please allow 2-3 weeks tor delivery 
I 

L I I I . I I I - I I I I I I  1 
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Clegg FM-28 
1* Naw only $329.95. 

Thousands of 2 Meter ORDER NOW AND SAVE! 
FM'ers have made this Because Clegg wants to 
Clegg FM-28 the most give this FM-28 extra expo- 
popular transceiver in sure, here's a special, 
many areas of the country. limited-time offer. Place 
Compare these specifica- your order today and you 
tions and you can see why! can purchase this excep- 
144-148 MHz coverage on tional transceiver at $30.00 - both receive and transmit off the regular low price. 
25 Watts output That's right-you can own 
Digitally synthesized this FM-28 for only 
Non-standard repeater splits $329.95! * 
5 KHz steps DON'T HESITATE! 
Modular construction Call Clegg today for full 
Compact,ruggeddesign detai lsonthisandall the 
.25uvreceiversensitivity other advanced Clegg 
Large "S" meter products. Toll-free 1- 
Bright 6 digit frequency 800-233-0250. In Pennsyl- 

d~splay vania call collect 717-299- 
Super selectivity with 15 7221. 

polesIFfiIteringplus5pole Clegg Communications 
front end filter Corp., 191 1 Old Homestead 

Multi-purpose accessory Lane, Greenfield Industrial 
receptacle Park East, Lanc. PA 17601. 

cMq FOR REUABlLlTY 

,600 A 

*SPECIAL PRICE OFFER EXPIRES JULY 31. ACT NOW! 
CALL 1 (800) 233-0250 TODAY 

b - 
TEST I1 
VnURSELF 

OUR 
RISK! 
Try this FM-: D U ~  
own shack ror ten 
days. If ou're not r complete y satisfied 
with this superior 
transceiver, simply 
return it for full refund 
of purchase price. 

More Details? CHECK-OFF Page 142 July 1978 131 
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RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
West coast's only dealer: 
Drake, Icom, Cushcraft, Hustler. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5935 NORTH MILWAUKEE AVE. 
CHICAGO, IL  60646 
312-631-5181 
Hours: 9:30-530 Mon, Tues, Wed, 
Fri; 9:30-9:00 Thurs; 9:OO-3:00 Sat. 

KLAUS RADIO, INC. 
8400 NORTH PIONEER PARKWAY 
PEORIA, IL  61614 
309-691 -4840 
Let us quote your Amateur needs. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL  60304 
312-848-6777 
Chicagoland's Amateur Radio 
leader. 

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. 

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. 

10 wa 
BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 and 7 
FT. DODGE, IA 50501 
5 1  5-576-3886 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER P. 0. B. 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
Amateur Radio's Top Dealer. 
Buy - Sell - Trade 

Alabama 

LONG'S ELECTRONICS 
2808 7TH AVENUE SOUTH 
BIRMINGHAM, AL 35202 
800-633-3410 
Call us Toll Free t o  place your order 

Alaska 

RELIABLE ELECTRONICS 
3306 COPE STREET 
ANCHORAGE, AK 99503 
907-279-5100 
Kenwood, Yaesu, DenTron, Wilson, 
Atlas, ICOM, Rohn, Tri-Ex. 

Arizona 

HAM SHACK 
4506 A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 
Sewing all amateurs from 
beginner to  expert. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
We service what we sell. 

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! 

California 

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. 

HAM RADIO OUTLET 
999 HOWARD AVENUE 
BURLINGAME, CA 94010 
415-342-5757 
Visit our stores in Van Nuys 
and Anaheim. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

TOWER ELECTRONICS CORP. 
24001 ALICIA PARKWAY 
MISSION VIEJO, CA 92675 
714-768-8900 
Authorized Yaesu Sales & Service. 
Mail orders welcome. 

Colorado 
MILE-HI COMMUNICATIONS, INC. 
1970 SOUTH NAVAJO 
DENVER, CO 80223 
303-936-7108 
Rocky Mountain's newest 
ham store. Lee Tingle K@LT. 

Connecticut 
AUDIOTRONICS INC. 
18  ISAAC STREET 
NORWALK, CT 06850 
203-838-4877 
The Northeast's fastest growing 
Ham Dept. dedicated t o  service. 

Florida 
AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only ful l  service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in  Ham Radio. 

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. 



Amateur Radio Dealer 
- 

Kentucky 
- 

M s s o  uri New York 
- 

ADIRONDACK RADlO SUPPLY, INC. 
185 W. MAIN STREET 
AMSTERDAM. NY 12010 

COHOON AMATEUR SUPPLY 
HIGHWAY, 475 
TRENTON, KY 42286 
502-886-4535 
Yaesu, Ten-Tec, Tempo, DenTron. 
Our service is the BEST. 

MIDCOM ELECTRONICS, INC. 
2506 SO. BRENTWOOD BLVD. 
ST. LOUIS, MO 63144 
314-961-9990 
At Midcom you can try before you 
buy! 

518-842-8350 
Yaesu dealer for the Northeast. 

GRAND CENTRAL RADlO 
124 EAST 44  STREET 
NEW YORK, NY 10017 
2 12-682-3869 
Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 

Maryland 
Nebraska 

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 

COMMUNICATIONS CENTER, INC. 
443 NORTH 48  ST. 
LINCOLN, NE 68504 
800-228-4097 
Kenwood, Yaesu, Drake and more 
at discount prices. 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
3 15-337-2622 
New & Used ham equipment. 
See Warren K2lXN or Bob WA2MSH. PROFESSIONAL 

ELECTRONICS CO., INC. 
1710 JOAN AVENUE 
BALTIMORE, MD 21234 
301-661-2123 
A professional place for amateurs. 
Service-sales-design. 

New Hampshire Ohio 
AMATEUR RADIO 

SALES & SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas for all services. 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

Massachusetts 
TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE UNIVERSAL AMATEUR RADIO, INC. 

1280 AlDA DRIVE 
REYNOLDSBURG, (COLUMBUS) OH 

43068 
614-866-HAMS 
Drake, Yaesu, Ten-Tec, KDK, Wilson, 
DenTron, Tempo, Sigma. 

-- - 

New Jersey MEDFORD, MA 02155 
61  7-395-8280 
New England's friendliest 
ham store. 

ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201 -542-2447 
Ham supplies since "55". 

Michigan 
Oklahoma ELECTRONIC DISTRIBUTORS 

1960 PECK STREET 
MUSKEGON, MI 49441 
616-726-3196 
Dealer for all major amateur 
radio oroduct lines. 

RADlO STORE, INC. 
2102 SOUTHWEST 59th ST RADIOS UNLIMITED 

1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's newest 
complete Amateur Radio center 

(AT 59th & S. PENNSYLVANIA) 
OKLAHOMA CITY, OK 73119 
405-682-2929 
New and used equipment - 
parts and supply. 

RADIO SUPPLY & ENGINEERING 
1207 WEST 14 MILE ROAD 
CLAWSON, MI 48017 
313-435-5660 
10001 Chalmers, Detroit, MI  
48213, 313-371-9050. 

THE BARGAIN BROTHERS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A million parts - lowest prices 
anywhere. Call us! 

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. 

Minneso ta 
ELECTRONIC CENTER, INC. 
127 THIRD AVENUE NORTH 
MINNEAPOLIS, MN 55401 
612-371-5240 
ECI is still your best buy. 

New Mexico Pennsylvania 
ELECTRONIC MODULE 
601 N. TURNER 
HOBBS, NM 88240 
505-397-3012 
Yaesu, Kenwood, Swan, DenTron, 
Tempo, Atlas, Wilson, Cushcraft 

PAL ELECTRONICS INC. 
3452 FREMONT AVE. NORTH 
MINNEAPOLIS, MN 55412 
612-521-4662 
The Midwest's Fastest Growing 
Ham Dealer. 

ARTCO ELECTRONICS 
302 WYOMING AVENUE 
KINGSTON, PA 18704 
71  7-288-8585 
The largest variety of semiconduc- 
tors in Northeastern Pennsylvania 



ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON. PA 18964 
2 1  5-723-1200 
New & Used Amateur Radio 
sales and service. 

"HAM" BUERGER, INC. 
6 8  N. YORK ROAD 
WILLOW GROVE, PA 19090 
2 15-659-5900 
Delaware Valley's Fastest Growing 
Amateur Radio Store 

HAMTRONICS, DIV. OF 
TREVOSE ELECT. 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215.357-1400 
Sarne location for 25 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. 

ALL-MODE VHF 
\ 

amplifiers 
J 

FOR BASE STATION & REPEATER USE 

All units: Harmonics exceed 
- 60 dB specification of FCC 
RBO 20777 

" 143-149 MHz NoTuning .:r 115or230VAC 
:> AM - FM - CW - SSB :': 60dB Spurious 
a Low Harmonics :',. Fully Protected Output 
I> Heavy Duty r'? Internal TIR Switch 
i'r No Power Supply Needed. ii U.S. Manufactured 
n Illuminated Panel Meter r'r 19" Rack Panel Option 
91 + 13.5V13 Amp Socket ::. Size8-112x 13x7-H  

FCC type acceptsd models under Parts 89.91, and 93 available. 

Only two things are needed to put this power house on the air with your 
handy.talky or mobile transceiver: a two foot piece of 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. I t  puts out + 13.5 volts al 3 
amperes. This is sufficient tor powering most 15 watt transceivers. 
- -  . 

-' 

DEALER INQUIRIES INVITED 

- 
f R F  POWER LABS, INC. 

- 
POWER llol3.tlstn P I ~ C ~ N  E n,rrtana,wasn>npton 98033 . ra~epnons 12061822 1251 TELEXNO 32 1042 

mi5 
I 

DIPOLE /ANTENNA CONNECTOR 
W"T-0"T ,"Q.l, om"olv conn.clor n.5 

50111 m r k l  moldre 1nl0 =I.%% 
Illlrtf @lm.llc MOY I O  IC rCDf  Cod. 
PL is* On D.,,,<.,P LF.P. 
<,,,+. ,,ItI1,., ills I I I11111I I I . I I I I  ~nrlu"." 
I.,,.,. *" l.,., , I t  ".."' '1'"1... or v.95 
W\,".,d Ionl..n.on ,V111,1"10.. 2,$99. 

COPY SATELLITE. PHOTOS. 
WEATHER MAPS. PRESS! 

I The Fax Are Clear on our lull S I Z P  118-112.' wlde) 
recorders These commercial-mtl~tarv untls now wall- I 

I sbleal surolus Drlces Learn h o w l o c o ~ v  ~ 8 t h  our FREE I 

134 july 1978 More Details? CHECK-OFF Page 142 



, 

DIODESIZENERS 
IN914 1 oov lOmA .05 
1 N4005 600v 1 A .08 
IN4007 1000v 1 A .15 
1 N4148 75v 10mA .05 
1 N4733 5.lv 1 W Zener .25 1 

SOCKETSIBRIDGES 
8-pin pcb .m ww .35 

14-pin pcb .20 ww .40 
16-pin pcb .20 ww .40 
18-pin pcb .25 ww .75 
22-pin pcb .35 ww .95 

TRANSISTORS, LEDS, etc. 
2N2222 NPN (2N2222 Plastic .lo) .15 
2N2907 PNP .15 
2N3906 PNP (Plastic - Unmarked) .10 
2N3904 NPN (Plastic - Unmarked) .10 
2N3054 NPN .35 
2N3055 NPN 15A 6 0 ~  .50 
TI  P I  25 PNP Darlington .35 
LED Green, Red, Clear, Yellow .15 
D.L.747 7 seg 518" High corn-anode 1.95 
MAN72 7 seg com-anode (Red) 1.25 
MAN361 0 7 seg corn-anode (Orange) 1.25 

MAN74A 7 seg corn-cathode (Red) 
MAN82A 7 seg corn-anode (Yellow) 1.25 

1.50 
FND359 7 seg com-cathode (Redl 1.25 

1 N753A 6 . 2 ~  500 rnW Zener .25 
1 N758A 1 Ov .25 
1 N759A 12v .25 
1 N5243 13v .25 
1 N52448 14v .25 
1 N52458 15v .25 

24-pin pcb .35 ww .95 
28-pin pcb .45 ww 1.25 
40-pin pcb .50 ww 1.25 
Molex pins .O1 To-3 Sockets .25 
2 Amp Bridge 100-prv '95 
25 Amp Bridge 200-prv 1.95 

C MOS 
4000 .15 
4001 .15 
4002 .20 
4004 3.95 
4006 .95 
4007 .20 
4008 .75 
4009 .35 
401 0 .35 
401 1 .20 
401 2 .20 
401 3 .40 
401 4 .75 
401 5 .75 
401 6 .35 
401 7 .75 
401 8 .75 
401 9 .35 
4020 .85 
4021 .75 
4022 .75 
4023 .20 
4024 .75 
4025 .20 
4026 1.95 
4027 .35 
4028 .75 
4030 .35 
4033 1.50 
4034 2.45 
4035 .75 
4040 .75 
4041 .69 
4042 .65 
4043 .50 
4044 .65 
4046 1.25 
4049 .45 
4050 .45 
4066 .55 

4069174CO4 .25 
407 1 .25 
408 1 .30 
4082 .30 

MC 14409 14.50 
MC 1441 9 4.85 

451 1 .95 
74C151 1.90 

9000 SERIES 

7400 .10 7473 .25 
7401 .15 7474 .30 
7402 .15 7475 .35 
7403 .15 7476 .40 
7404 .10 7480 .55 
7405 .25 7481 .75 
7406 .25 7483 .75 
7407 .55 7485 .55 
7408 .15 7486 .25 
7409 .15 7489 1.05 
7410 .15 7490 .45 
741 1 .25 7491 .70 
741 2 .25 7492 .45 
7413 .25 7493 .35 
741 4 .75 7494 .75 
741 6 .25 7495 .60 
741 7 .40 7496 .80 
7420 .15 74100 1.15 
7426 .25 741 07 .25 
7427 .25 741 21 .35 
7430 .15 741 22 .55 
7432 .20 741 23 .35 
7437 .20 741 25 .45 
7438 .20 74126 .35 
7440 .20 741 32 .75 
7441 1.15 74141 .90 
7442 .45 741 50 .85 
7443 .45 74151 .65 
7444 .45 74 1 53 .75 
7445 .65 741 54 .95 
7446 .70 741 56 .70 
7447 .70 741 57 .65 

- T T L -  
741 76 .85 
741 80 .55 
74181 2.25 
741 82 .75 
74190 1.25 
74191 .95 
74 192 .75 
74193 .85 
74194 .95 
74195 .95 
74 196 .95 
74197 .95 
74198 1.45 
74221 1.00 
74367 .75 

75108A .35 
75491 .50 
75492 .50 

74H00 .15 
74H01 .20 
74H04 .20 
74H05 .20 
74H08 .35 
74H10 .35 
74H11 .25 
74H15 .45 
74 H 20 .25 
74H21 .25 
74H22 .40 
74H30 .20 
74H40 .25 
74H50 .25 
74H51 .25 
74H52 .15 
74H53J .25 
74H55 .20 

LINEARS, REGULATORS, 

7448 .50 
7450 .25 
7451 .25 
7453 .20 
7454 .25 
7460 .40 
7470 .45 
7472 .40 

LM75451 .65 
NE555 .35 
NE556 .85 

741 61 -55 
741 63 .85 
741 64 .60 
74165 1.10 
74166 1.25 
741 75 .80 

LM380(8-14 PIN) .95 
LM709 (s,14 PI ~ ) .25  
LM711 .45 1 

74H72 .35 
74H101 .75 
74H103 .55 
74H106 .95 

74LOO .25 
74L02 .20 
74L03 .25 
74 LO4 .30 
74L10 .20 
74L20 .35 
74L30 .45 
74L47 1.95 
74L51 .45 
74L55 .65 
74L72 .45 
74L73 .40 
74 L74 .4 5 
74L75 .55 
74L93 .55 
74L123 .85 

74500 .35 
74502 .35 
74S03 .25 
74S04 .25 
74805 .35 
74308 .35 
74S10 .35 
74S11 .35 
74S20 .25 
74S40 .20 
74350 .20 
74S51 .25 
74864 .15 
74S74 .35 
74S112 .60 
7481 14 .65 

etc. MCT2 .95 
LM723 .40 
LM725N 2.50 
LM739 1.50 
LM741 (8-14) .25 
LM747 1.10 
LM1307 1.25 
LM1458 .65 
LM3900 .50 

LM340T18 .95 
LM340T24 .95 
LM340K12 1.25 

MICRO'S, RAMS, CPU'S, 
E-PROMS 

9301 .85 95H03 1.10 
9309 .35 9601 .20 
9322 .65 9602 .45 

748 1 33 .40 
748140 .55 
7481 51 .30 
7481 53 .35 
7481 57 .75 
7481 58 .30 
748 1 94 1.05 
748257 (81 23) 1.05 

74 LSOO .20 
74LS01 .20 
74LS02 .20 
74 LS04 .20 ' 
74LS05 .25 
74 LS08 .25 
74LS09 .25 
74LS10 .25 
74LSll .25 
74LS20 .20 
74 LS2 1 .25 
74 LS22 .25 
74LS32 .25 
74 LS37 .25 
74 LS38 .35 
74 LS40 .30 
74LS42 .65 
74 LS5 1 .35 
74 LS74 .35 
74 LS86 .35 
74 LS90 .55 
74 LS93 .55 
74LS107 .40 
74LS123 1.00 
74LS151 .75 
74LS153 .75 
74LS157 .75 
74LS164 1.00 
74 LS193 .95 
74 LS367 .75 
74LS368 .65 

LM340K15 1.25 
LM340K18 1.25 
LM340K24 1.25 
78L05 .75 
78L12 .75 
78L15 .75 
78M05 .75 
LM373 2.95 

8038 3.95 
LM201 .75 
LM301 .45 
LM308 (MI~I)  .95 
LM309H .65 
LM309K (340~-5385 
LM310 .85 
LM311 D [ ~ l n l )  .75 
LM318 (Mlnl) 1.75 
LM320K5(7905)1.65 
LM320K12 1.65 

LM320T5 1.65 
LM320T12 1.65 
LM320T15 1.65 
LM324N 1.25 
LM339 .75 
7805 ( 3 4 0 ~ 5 )  .95 
LM340T12 .95 
LM340T15 .95 

NE565 .95 

INTEGRATED CIRCUITS UNLIMITED NE566 NE567 1.25 .95 

7889 Clairemont Mesa Boulevard, San Diego, California 921 11 
(71 4) 278-4394 (Calif. Res.) SPECIAL 

DISCOUNTS 
All orders shipped prepaid No minimum Total Order Deduct 

Open accounts invited COD orders accepted $35 - $99 10% 

Discounts available at OEM Quantities California Residents add 6% Sales Tax $loo - $300 15% 
All I C's PrimeIGuaranteed. All orders shipped same day received. $301 - $1 000 20% 

24 Hour Toll Free Phone 1-800- 8562211 American Express 1 BankAmericard / Visa / Mastercharge 

748188 3.00 
1702A 4.50 
MM5314 3.00 
MM5316 3.50 
2102-1 1.45 
2102L-1 1.75 
21 14 9.50 
TR1602B 3.95 
TMS 4044- 9.95 

8080 8.95 
8212 2-95 

8214 8.95 
8224 3.25 
8228 6.00 
8251 8.50 
8255 10.50 
8T13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1.00 
21076-4 4.95 
2708 9.50 
280 PIO 8.50 



Repeater Jammers Running You Ragged? 

Here's a portable direction finder 
that REALLY works-on AM, 
FM, pulsed siynals and random 
noisel Unique left-right DF 
allows you to  take accurate (up 
to  2") and fast bearings, even on 
short bursts. Its 3dB antenna 
gain and . 0 6 ~ V  typical DF sen- 
s i t~v i ty  allow this crystal. 
controlled unit to hear and posi- 
tively track a weak signal at very 
long ranges-while the built in 
RF gain control with 120 dB 
range permits positive DF to  
within a few feet of the transmit- 
ter. I t  has no 180" ambiguity 
and the antenna can be rotated 
for horizontal polarization. 

The DF is battery-pc.~ered, can be used with accessory antennas, and is 12/24V for 
use in vehicles or aircraft. I t  is available in the 140-150 MHz VHF band a ~ ~ d i o r  
220-230 MHz UIHF band. This DF has been successftrl i r ~  locating malicious inter- 
ference sources, as well as hidden transmitters in "Tllunts", ELTs, and noise sources 
in RFI situations. 

Price for the single band unit IS $170, for the VHFIUHF dual band m i l  is $205. plus 
crystals. Write or call for information and free brochure. 

L.TRON ICS 
5546 Cathedral Oaks Road 

W6GUX (Attention Ham Dept.) WD6ESW 
Santa Barbara, CA 931 11 

FM CHANNELS 1 ~ 2 2 s  . SlllCLI INOB OUllllELSLL[CTIOM . DlatninrQurrcy RUWUT 

I**I.hI 1 0 - n  111s8ll lam4 
I*UY IOM I O S ~  Ins21 
1 1 . I . S l  I I . .  14111-Jl 
1U I* 11 11.11-91 14lh$.M 111.YS3 
1Y 1% 11 I1.Y.Y 141.11.11 111.U31 
IUl&.lS 11.11.Yl 111 1s 13 I 4 I J S  
IY lsn IUUW 141.7s 18 181o.n 
nmT*Yky+- 
n l ( r ~ h ! h &  
14643 14655 147.48 
I4646 11658 11751 
I1649 1 4 7 4 2  1 4 7 5 4  
14652 147 45 147 57  

N I S : h a v w a m d -  

Order pun today! Make pur line tramceirei m n  beliar! 

Valley Instrument Products 

-----  -- -- - - -- - - - - - - - 
PLEASE SHIP .. V I P I 7  conrstlion kit( l1 01 S 

ALSO INCLUDE VIP600 optton(r) 01 $3 50 eoch 

ond VIP15optoonfr) 01 S3.50eoch. 

Horn. < . , I  l.",, .,.I ch.rlo,man."ord.. 

Add .... - - - - . -- - - Pl.a..rholp.mr ",\A h n l  Am .,,,., d ,  

CsIv -- ~ 
- -  cord numb.^ 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use with our CHAN-  
NELIZER 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 3159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952 C l ~ n l o n  St.. Buffalo.  N. Y 14206 

r 'r 
DON'T KEEP 

A GOOD ANTENNA DOWN 
, . . , .  . . ,  8 . , , .  

**",1,.,,*,! .,,.I.. ..,, I,.,. I". ,I,. .,.. <, I . , -  A,<, 

~ 1 1 . 1 1 . . 1 1 , * . \ I , 0 . I X I . ,  

THE JOYSTICK VFA 
I".,lkll*. 111.1 , I 1 *  r,n. xn .<I*,*. 1 . 8 1 "  i*rt.,rr.,l liilrn"" I!?.. 
!,,,*',!.#, C " ,  ,k,,",. ,,,# ,,>.,, 1,) ,.MA,<,, A,,, <., ,A,, 

I<, R '\Y, 
!,UI.. ,,! "".#"ly ".,,,,~ ," ,ul b"., , , I * .  "l L , , l lN ,in<., ,,, ("., 
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SYSTEM 'A' 584.00 
2 I O W P E  P 8101 Rrc~lrlw03v 

SYSTEM 'J' 8110.00 
SDOW P E  P L ' D !  Implor.dOF.clo# k.#n 

An m,,,,,,*.1,,., ,,,,., , . I ,  .." .I,*,, 1 ... ,.,li ...,..., " ,,1..+..,,*,,1,, 

!W,.,,l*I. d rr., U,,,l.,c.,nlu, I*.,,x,,"*,,l.,.,,,. y ,.,,.., ,,, 
plV.llll"..I ".,r,r. I... I ~l,"lrll,,,ll., 1 1 "  111.1.,,11 111.11,.",, ,.1(1.1 

M.,.,<.r<r<.*r<", ",%, f\.,r#h.,"wr"',rd <, 8 9K.S ,.,,., !<, V.," h",, 

PARTRIDGE (HR) 
ELECTRONICS LTD 

(I~CED Broadata#rr. Kent Ewtand 

\ 
Tcl 0843 62535 

J 

nldlnq 8 nldtltnndl ~x,lcr Italrl 151 wl l l l  an ~nlcr l la l ly  mount 
-1. w8lc l~nhlr  ml ol Ilnl I F  crystnl Illtrn Hmlucr OAM. 
lmaka ,  o r v ~ l o l ~ ~  !deal tor DX md rnnmsr work Overall 
3h.v" I ~ C I V I  IVIII!I than 1 4  M ~ I I I I I U ~ I I  VXIII Y'IR!IVI!V wtth 
r~>nx#nlc8tn I~ICIIICI~~IIIIIY lo111 L U r ~ t l w ~ ~ l l l ~  ~ 1 1 1 1  CF 2 1K!H 
21110 11, rf M H .  79011 Hz st 60 dH Madcrt var~ahl. band 
wmrllh Olllrl t,.rrlwlcllla nvmlat~lt. Flllrf u.L <:dl? Ibr ~ I I U U I I I I ~  

~n r m t a . r  nncl r r l r y  rw~!el>prl wt f l l  our k m  w t ~ ~ c h  rran at 
133UJ 3 unrt 4 tllter m , f r l hng  o~,!$oar cam ~nc lu f l r  our 
CF G M I f i  and/c,# rxal iny R k l l r  I l r r l  I F  l# l lnr .  a l l  lnlrrnally 
#~lout>lud, conlrolle~l Irum tear oc Iron! oanrl USB and LSB 
CF 2 1K'R t p . ~ f  8s S 1 2 0 M  IW,  wl Mnnry Imuk 11 nr,! %,!IS 

l #m l  Aft($ 53 $h#ttr~<!>q 18t-r mdnr S6 rw?ru,a? a#! tlt.a(m# 8" 
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More Details? CHECK-OFF Page 142 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNM HOUSTON. TEXAS 77002 
713/65&0288 Niter 7131497.5883 

NEW! EXCITING! BREAKTHROUGH! 
DRAKE TR-7 TRANSCEIVER & ACC. 

" ~ 

$886.00 TR-7 
TR-7 81 DR-7 DIGITAL R/O $1 072.00 
PS-7 POWER SUPPLY $1 66.00 

CALL FOR QUOTES ON: 
YAESU KENWOOD 

FT901 DM TS820S 
TS520S FT625 

FT225 TR7400A 
ALDA, AMCOMM, ETO ALPHA 

TEMPO VHF ONE PLUS 

m omnl j 
ANTENNAS 

MODEL OJA-146 

TWO METER AMATEUR BAND 146-148MHZ 

. NO GROUND PLANE REQUIRED 
USE FIXED. MOBILE, OR PORTABLE 
5dB GAIN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS 
OVERALL LENGTH: LESS THAN 64 INCHES 
COLLAPSIBLE TO 22 INCHES. MAY BE PACKED 
IN SUITCASE FOR THOSE OUT-OF-TOWN TRIPS 
STEEL WHIP AND ADAPTER INCLUDED FOR 
MOBILE AND FIXED APPLICATIONS . VSWR: LESS THAN 1.2:l 

PRICE $29.95 UPS Prepaid 

220 MHz - $27.95 450 MHz - $27.95 

AMATEUR BEAMS- instock- 

FlNCO A62 612m $61 .W 
TELREX TB5 EM $395.00 

CALL FOR FAST QUOTES 
SPECIAL ORDERS WELCOME 

TERMS: A11 prtces FOB Houslon Prlces sunlect lo  change v l lhou l  nollce. 
1\11 llems Guaranteed Some 11emr sublecl to prmr sale send lellerhead l o r  
Amaleur dealers prlce l l s l  Texas residents add 5% lax. Please add postage 
est,maIe. 

KLM: Antennas, Llnears, Accessories All In Stock. FREE balun 
w12 meter base antenna. 

BIRD 43 Wattmeter plus slugs, In stock, prepaid freight. 
....... BENCHER ksyer paddler in stock 539.95; chromeS49.95 

MIDLAND 23136 dual meter, reads SWR and relative POWER 
handles 1 kW from 3-150 MHz . . . . . . . . . . . . . . . . . . . . .  ,521.95 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DRAKE TR.7 .Call lor Ouote 
....................... TELE.TOWER: 40' wlbreakover .5299 

55'wlbreakover ................................... 5399 
.......................... MICROWAVE MODULES. In Stock 

.................... F9FTTONNA antennas: 14418el. $55.95 
.................................. 9119OSCAR.. .S53.00 
.................................. JANELPmamps Instock 

TECHNICAL BOOKS: ARRL, Sams. TAB. TI. Rider, Radio Pub.. 
. ........... Callbook. Cowan. TEPABCO, many others.. call 

HAM X ROTOR (New Model) Turns 28 sq. ft. of antenna. List 
........................... $325. In stock. Your Prica 5249 

.................................... CDE HAM.111. .5129.00 
SWAN METERS: WM8200VHF Wattmeter ............ ,549.95 

SWR 3 Mobile .................................... $9.95 
............................... TELEX HEADSETS: In stock 

CETRON 5728 .................................... ,527.95 
ADEL nibbling tool,58.45; punch 53.50 
CABLE 5/32". &strand, soft-drawn guy cable. For mast or light 

tower. 3* foot. 
BELDEN COAX CABLE: 9888 double shield RG8 foam coax. 

800% braid, suitable for dlrect bury 3BF ft., 8237 RG8 219 lt. 
8214 RG8 foam 2% ft., 8448 Bwire rotor cable 16C ft.. 8210 72 
ohm kw twinlead S19H00 11.. 8235 300 ohm kw twinlead 
5121100 ft., Amphenol PL-259, sllverplated 5% UGt75 adapter 
1%. PL-258 dbl female 51.00. BNC female chassis mount 5% 
ea; MICRO RG-BIU same sue as RG-59. 2 KW PEP @ 30 MHz 
16cft. 

....... BELDEN 14 gaugecop. stranded antenna wire. SY lW 11. 
........... TIMES 112" foam hardllne W f t .  conn.ctom 515 sa. 

. . . . . . . . . . . . . . . . . . .  KESTER SOLDER 1 Ib. W40, ,062.. .S8.50 
LEADER - AmateurTest Equip. - 10% off list. 
MALLORY 2.5A11000PIVepoxy dlode.. ............... lBFe& 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .001 MFD 20KV CAP.. .51.95 
QE mcelvlng tubes. ............................ 50% of1 list 

. ................................ GE61488.8950. .t7.95 ea. 

THIS MONTH'S SPECIAL 
............... BEARCAT 210. $249 

SAY Electronic Power Supplies 
Completely Regulated 13.8 to 20 volts dc, variable. 
Separate volt and amp meters. Dual protection against 
over voltage and over current. 

4 amp ................ $59.95 
. . . . . . . . . . . . . . . .  8 amp $109.95 
................ 20 amp $159.95 

16 ELEMENTS - F9FT - 144 MHz 

The 'Tonna' You've been -/ hearing about 
1441146 MHz SWR 51.2:l 

17.8dBi Wt. 4.4 kg. 
50 ohms Horiz.lVert. 

length 6.4 m. FIB ratio 22 dB 
Side lobe attenuation >60 dB 

Horizontal aperture 2 x 16" ( -  3 dB) 
Vertical aperture 2 x 17" (-  3 dB) 

$55.95 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON, TEXAS 77002 

71 3165&0268 Nltes 71 3497.5883 



WANTED FOR CASH 
I 

-\ 
R 1051 or 1827 

We stand on our long term offer t o  pay 5% more 
490-T AnL Tuning Unit than any other bonafide offer. 618-T Transce~ver 
(Also known as CU1658 (Also known as MRC95, 
and CU1669) See last month's ad  tor other rtems avellable ARC94. ARC102. or VC102) 

Highest prlce paid for these unib. Parts purchased. 
Phone Ted, W2KUW collect. We wi l l  trade for new 

THE TED DAMES CO. 
308 Hickory Street Arl~ngton, N.J. 07032 

amateur gear. GRC106, ARC105 and some ai rcraf t  (201) 998-4246 Evenlngs (201) 998-6475 
units also required. 

loomool ELECTRONICS ' 

.I I 

I ,L ~ t ,  ) . ( I  I',III,~>~,, I $ I \ <  ( ,,,I I ounter N $ l l ~ < ~ l  1 1 1 ~  SiicrlI~cc of WSIC I'crf~~r~u,~ncc 
"Check the features we have that some other low cost counters don't have." 

.All Metal Cabinet . Senr814v*lv 10 MV m 60 MUl *Complstelv Auto Decimal Poont 
08 Digil .4" LED Dirplav 0 1 1 5 V  or 1 2 V  Operation OSeIectIble Gats Times I1  lec & 1 M) 

.input Cable Included *push eutton Controls Bullr.on Preamp l o ~ t l a n a l l  
-1ZV Input Jack *Gate Llghl *Crvs la l  Tame Bass I 1  ppm af ter  cal 1 

OPTIONS . . 011 Porrsbla w l N ~  Cad Battery IBu#lt.#n Charger1 . . . . . . . . ,539.95 
02) crvrre~ oven 11 ppm 0 to 60°Cl $39.95 031 nsnd~n. . $5 00 

1041 Built in Prcsrnp 10 MV P 150 Mu?. . . . . $10 00 
- 
LY 

\ D$NIURl DAVIS ELECTRONICS 636 shenun Dr..Tonawanda. NY 74150 716:874.5848 , 
Iron Powder and Ferrite 

TOROIDAL CORES 
Wide selection - Large stock 
Fast, one-day service 
Technical data with each order 
Write for free Tech-Data Flyer a- 
AM I sa * 

12033 Otsego Street, North Hollywood, Calif. 91607 
In Germany Elektron~kladen Wtlhelm - Mell~es Slr 88 4930 Oelmold 18 Wesi Germany 
In Japan Toyomura Electron~cs Company Ltd 7 9 2 Chome Sofa Kanda Chlyoda Ku Tokyo Japan 

I 

The Ultimate 
IAMBIC 
PADDLE.. . 
Full range of adjuslrnent In 
tenslon and contacl spaclng 
Self-adlust~ng nylon and brass 
needle bearlngs 
Sol~d s~lver contact Dolnts . Precision-machined, chrome plated Available at selected dealers or send $39.95 

brass frames ($49.95 for chrome model) plus $2.00 shipping 
and handling. Money-back guarantee. 

Heavy steel base has black. 
textured finish (chrome plated base 
opttonal) 
Non-skid feet 

Dew.  A ,  333 W Lake St , Ch~cago IL 60606 
l R l 7 l  7RR.lRllR 1 

We have the worlds largest selec- 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 113 page 
ad in the April 1976 issue of this 
magazine or call or write for addi- 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468-2720 

VANGUARD LABS 
196-23 JAMAICA AVENUE 

HOLLIS, N. Y. 11423 

HARD-TO-FIND PRECISION TOOLS 
11.,\1,,<,1"111411 11*1(1111111 ,,11..,. IYt."l1.,. Y,,t. 

.,,,,,wr,. "ac*?<>", .v.,..m.. ,",,s, c,...,., ,,P,,,"I 
ryu,,,n,.n,. ll",, h,,, an,, < n u .  ,,I.,, l n l l u f r  I,." 

Use your I V  lo  see hams On T V  

NEW ELECTRONIC PARTS 
IC'S -TRANSISTORS-PROTOBOARDS - RESISTORS 
CAPLCITORS - DIODES - SWITCHES - CONNECTORS 
VOLTICE RECULATORS- CABINETS - HEAT S 1 1 1 S  
rusts a mucn mo~r--srrmr sutrcs CATALOC 

SPEC1 A l S  
KEYBOARD ENCLOSURES 

TWO SIZES w D n n lcr  * I 4  83 3 $1520. 
14 lL3 3 11650' 

BLUE RASE SPfCIfV 
WHITE OR BLACI TO? 
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( TROUBLE FREE TOUCH - TONE ENCODER 1 

Supplned w l lh  Instrucllons, schemal8c. lemplatr. hard- 
ware. Operaltng Vollege:4.5 - 6 0 V  PP-1 A. dermgned far 
Standard Commun~cat~ono Handhalds. 

(Callforn#e r e ~ ~ d s n r s  add 8% sales tar.) 
PP-1=$55.00. PP-2=$58.00. PP-l@$M).OO 
PP-1M=S55.W. PP.ZM=S58.00. M sr ies.Mobi le 

PP-1 K=$66.00. PP-ZK=$69.00. 
K-series = Self Containad Delay Relay 

LE-ERING OF U N I T S  OPTIONAL 
Avall.blr at Ham1 Aadm Ccnlsl 18001 325.3836 
bnur ,  Calo. CW Eleclrantcs , . . 13031 893.5525 

PRETUNED - COMPLETLY A S S E M B L E D  - '4 FOR A L L  M A K E S  A MODELS O F  AMATEUR 
ONLY O N E  NEAT S M A L L  A N T E N N A  FOR TRANSRECEIVERS - T R A N S M I T T E R S  - 
U P  T O  6 BANDS1 E X C E L L E N T  FOR C O N -  GUARANTEED FOR 2 0 0 0  W A T T S  558 
G E S T E D  HOUSING A R E A S  - A P A R T M E N T S  1 0 0 0  W A T T S  CW. FOR NOVICE AND ALL 
L IGHT - S T R O N G  - A L M O S T  INVIS IBLE I C L A S S  AMATEURSI 
C O M P L E T E  A S  S H O W N  wnh 90 I t .  R G 5 8 U - 6 2  ohm fsedllnc. and P L 2 5 9  connector, Insul.tor*. 3 0 I t .  
300 b. lest daoon  end s u ~ ~ o r t s .  center connsstw wnh bvln ln Ilphnln. a r r s m r  and stmtls dlach.rge - 
molded. sealad. we.thorprool.ro*on.nt 1r.p. I"X6"-yeu Just l r n c h  to  band dsstod for oxcollont w~r ldwh la  
operation - transmnthg and rsclovlnpl WT.  L E S S  T H A N  5 LBS. 
160-80-40-20-15-10 bmnds 4 trap--138 I t  .rHh 90 It. R G 5 8 U  - connector - Modal 1060EU. .  .S89.96 
8 0 - 4 0 - 2 0 - 1 5 - 1 0  bands 2 U.D -- 1 0 2  I t .  wRh 90 fl. R G 5 8 U  - connestor - Mode l  9 9 8 B U  . . ,149.95 
4 0 - 2 0 - 1 5 - 1 0  bands 2 t r . ~  ---5411. wnh 90 It. R G 6 8 U  soax - sonnsctor - Moda l  10018U. . , 1 4 8 . 9 5  
20-15-10 bands 2 1r.o--- 2 8  I t .  w n h  90 fl. R G 5 8 U  soax - connector - Model 1 0 0 7 B U  . . . . 1 4 7 . 9 5  

I S E N D  FULL PRICE FOR P O S T  PAID INSURED OEL. I N  USA. (Canad. k 5 5 . 0 0  o l t ra  Iw Post. e t :( slcrlsal - customs - sts.1 or order uslnp V ISA B.nk Amalcard - M A S T E R  CHARGE - AMER. X 
PRESS.Glrsnumber and ex. date. P h  1 - 3 0 8 - 2 3 6 - 5 3 3 3  S A M  - 6 P M  w.ok d w s .  We SMP ht 2-3 dws.  

I PRICES M A Y  INCREASE S O  - ORDER N O W  A N D  SAVE1 AU mmsnna. pu.r.ntoed lor 1 year. Mo.sy 
bask t d l l  Mads  ln U S A  . FREE INFO. A V A I L A B L E  ONLY F R O M  

WCCTFRN FI F C T R O N I C S  Dsol. AH. 7 K..mar. Nab...k. . 6 8 8 4 7  I 

Offer Expires July 31st. 

Q R E S  YOURS NOW! 
Buy the 1978 Rad~o Amateur's 

Handbook $8.50 

Send Check, Money Order 
or Call TOLL FREE 

C. W. KEYBOARD 
MODULE 

BY WBPDFA. SEE JAN '78 HR. PGS 81.87 
a DOUBLE SIDED, PLATED THRU BOARD a 
a USES POWERFUL 6504 MICROPROCESSOR 
a 256 CHARACTER BUFFER am 6 4  CHARAC- 
TER RECALLABLE BUFFER FOR CQ's. HERE 
IS  . . . ETC. om 5 TO 99 W.P.M. SPEED 
RANGE ma XTAL CONTROLLED moo 
EXPANDABLE MORSE CHARACTER SET om 
AUTO XMT SWITCH OUTPUT FOR YOUR RIG 
(KEYBOARD VOX!) om BUFFER OVERFLOW 
WARNING LAMP DRIVERS .om USE WITH 
ASCII ENCODED KEYBOARD a $25.00 BARE 
BOARD LESS PARTS. PPD USA moo KITS 
AVAILABLE m 

If p o s s l b l e  l e l  us k n o w  four lo SIX w e e k s  
b e f o r e  you move and we will m a k e  s u r e  
y o u r  H A M  R A D I O  Magaz~ne a r r l v e s  on 
s c h e d u l e  Jus t  r e m o v e  t h e  m a l l l n g  label 
from t h ~ s  magazlne and a f f ~ x  below 
Then c o m p l e t e  your new address (or any 
other c o r r e c t t o n s )  In t h e  space p r o v t d e d  
and we'll t a k e  care of t h e  r e s t  

ham 
Allow 4-6 weeks for 

Maaaz ine  
correction. 

~ r e e n v l l i .  NH 03048 
Thanks for helping us to serve you better. 

r r - -  
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I I 
0. I 
w 

1 AFFIX 
z I  

I LABEL 

I I HERE 
I 



Antenn 
Sale! 

Regular Special HY-GAIN 
TH6-DXX Super Thunderb~rd 
TH3-MK3 3 ele. 10, 15, 20 Mtr. beam 199.95 
Hy-Quad 2 ele. Quad 10, 15, 20 Mtr. 219.95 
TH3-Jr. 3 ele. 10, 15, 20 Mtr. beam 144.50 
18 HT Hy-Tower 10-80 Mtr. Vert~cal 279.95 
14AVWWB 10-40 Mtr. Trap Vertical 
18AVTlWB 10-80 Mtr. Trap Vertlcal 
203 3 ele. 2 Mtr. beam 12.95 
205 5 ele. 2 Mtr. beam 16.95 
208 8 ele. 2 Mtr. beam 19.95 
214 14 ele. 2 Mtr. .beam 26.95 

MOSLEY 
Class~c 33 3 ele. 10, 15, 20 Mtr. beam 232.50 
Class~c 36 6 ele. 10, 15, 20 Mtr. beam 310.65 
TA-33 3 ele. 10, 15, 20 Mtr. beam 206.50 
TA-36 6 ele. 10, 15, 20 Mtr. beam 335.25 
TA-33 Jr. 3 ele. 10, 15, 20 Mtr. beam 
TA-4OKR 40 Mtr. add on 

CUSHCRAFT 
ATE-34 4 ele. 10, 15, 20 Mtr. beam 259.95 
ARX-2 2 Mtr. R~ngo Ranger 
A147-20T 2 Mtr. Tw~st  
A144-10T 10 ele. Twist 2 Mtr. 
A144-20T 20 ele. Tw~st  2 Mtr. 

HUSTLER 
4BTV 10-40 Mtr. Trap Vertical 
RM-75 75 Meter Resonator 
RM-75s 75 Meter Super Resonator 
G6-144-A 6 db. 2 Mtr. Ease Colinear 

Wl LSON 
System One 5 ele. 10, 15, 20 Mtr. beam 274.95 
System Two 4 ele. 10, 15, 20 Mtr. beam 219.95 

CDE ROTORS 
Ham Ill $1 25.00 
T2X Tall Twister $249.00 
CD-44 $105.00 

I ~ H T  We carry all m ajor brands of ham radios 
AT DISCOUNT PRICES 

Yaesu - Kenwood - Drake- ICOM- Dentron - 
ren-Tec- Swan - Tempo - Midland - E.T.O. - Wilson 

443 N 48th Street 
Lincoln, Nebraska 68504 

In Nebraska Call (402)466-8402 

More Details? CHECK-OFF Page 142 july 1978 141 

west 
1072 N. Rancho Drive 

Las Vegas, Nevada 89 106 
In Nevada Call (702)647-3 1 74 



~d~errisers v 
check-off 

. . .  for literature. in a hurry - we'll 
rush your name to the companies 
whose names you "check-off" 

Place your  check  m a r k  i n  t h e  space  e tween 
n a m e  a n d  n u m b e r  . Ex: Ham Radio 

INDEX 

AR Tech . - 687 
Adv Elect . 

Appl . - 677 
Aluma - 589 
Am . Elect . Supply - 659 
Am . Rad . Cent . - 638 
Amidon 005 
Antenna . Inc . -_ 686 
Antenna Mart - 009 
Atlantic Surplus - 644 
Atlas 198 
Barker Et 

Williamson - 015 
Bencher - 629 
Budwig - 233 
Bullet - 328 
CFP - 022 
CIR - 548 
C-Comm - 688 
Clegg - 027 
Comm . Power - 360 
Communications 

Center 534 
Comm . Spec . - 330 
Cont . Spec . 348 
Crystal Banklng 573 
Curtts Electro - 034 
Cushcraft - 035 
DGM - 458 
DSI 656 
Dames Comm . - 551 
Dames . Ted - 324 
Data Signal - 270 
Davis Elec . - 332 
DenTron - 259 
Direct Conv . Tech . - 676 
Disc-Cap - 449 
Drake - 039 
Electrocom - 663 
Elec . Distr . - 044 
Elec . Equip . 

Bank - 288 
Epsilon - 046 
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Fair Radio - 048 
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Sess . - 213 
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Palomar Eng . - 093 
Partr~dge - 439 
Pip0 - 481 
P.C.P. - 64a 
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RF Power Labs 602 
Callbook - 100 
Radio Sys . Tech . - 422 
Radio World 
Ramsey - 442 
Rockwell Collins - 258 
Rohn - 410 
SST - 375 
San D . ARC ' 
Sclence Workshop - 680 
Shemood - 435 
Space - 107 
Spectronics - 191 
Spec . Comm . - 366 
Spectrum Int . - 108 
Swan- 1 1 1  
TPL - 240 
Telex - 693 
Telrex - 377 
Tri-Ex - 116 
Tristao - 118 
VHF Eng . - 121 
V.I.P. - 583 
Vanguard . 
Varian - 043 
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Western 
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'Please contact this advertiser directly . 
Limit 15 inquiries per request . 

July 1978 
Please use before August 31. 1978 

Tear off and mail to 

H A M  RADIO MAGAZINE . "check off" 
Greenvllle. N . H . 0304E 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL . . . . . . . . . . . . . . . . . .  
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A n n o u n c i n g  t h e  n e w  
" S C A N I C O M " ~ ~  245/211 
scanner. * the ultimate acces- 
sory for your new ICOM radio . 

"SCANICOM" : 
Will scan the entire 2-meter 
band in 5 kHz steps (the 
radio's display tells you the 
frequency) 
Has a built-in delay that 
allows you to remain on 
frequency for a few seconds 
after the signal goes away 
Employs a connector that 
simply plugs into the back of 
your unit 
Requires only one wire to be 
added to your unit. and 
Comes complete with a fully 
illustrated instruction manual 
for fast. simple. installation 
Can be used with the new 
ICOM RM2 Microprocessor 
control box to allow it to 
scan your IC-245 or IC-211 
Proper installation will not 
void warranty 

Units available directly from 
ESSARY ENTERPRISES 
or from your local ICOM dealer . 
Call or write for details NOW . 

. . .  COMING SOON Our 
NEW Bandspander modular 
insert for the IC-22s that allows 
the radio to go in 5 kHz steps 
and additionally covers the 
new 144-145 MHz repeater 
subband . 
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portable 2-meter radio 
goes anywhere you dcr nr 

bw cnannel- synthesized 1 ana iz w a n  RF Outp~rr 
Anywhere you go.. . camping, boating, sporting events, ham-fests . . . or just "talking 

around town" in your car. the small and lightweight WE-800 portable is with you. 
Designed as an all-purpose 12 watt mobile or 1 watt portable unit, it's loaded 

with features to satisfy even the most discriminating amateur. 

r your loc 

, *  . 

?r. There 
300" is for channels, from 144-148 MHz in 5 KHz steps, up or down 500 KHz 

f o ~  are also provisions for 5 pre-programmed 
frequencies of your choice. 

Additional rearures: muperares on rechargeable internal Nicad batteries (not 
included) Built-in S-meterloutput indicator Hi-Lo power switch 

Connectors for external antenna, speaker and power Mounting bracket1 
handle, flex rubber antenna and 12 VDC power cord furnished. 

.-- .~ .-- -- 

lr the ''be ateur anb 

GENERAL 
Frequenc 

.A ",,. - 

kHz  at 80 
~ h m )  

P.O. RQX 1 

. SPECIFI( 
:y Range: 

--..A :-- 

ZATIONS: 
144,000 - 

ru r\nr - vparartng Mode: Dim-1 rrequerr~y ~rnuuu~d~luru - I ypw o r  rurnmumnvrauuv. 

Simplex or transmitter offset f 600 kHz Operating Voltage: 13.6 UDC negative ground 
(10 to  15 VDC range) *Current Drain: Transmit: 290 mA @ 1 watt output. 2 amps @ 12 
watts output. Receive: 45 mA squelched. 250 mA at full AF rated output Antenna im- 
pedance: 50ohms nominal Size: 8-114 x 6-314 x 1-718 inches 1209.6 x 171.5 x 47.6 
mm) Weight: 1 Ib. 15 oz. (4.13 Kg): (3 Ib. 11 oz. (8.16 Kg1 with batteries Frequency 
Determination Method: C-MOS phase locked loop Offset Option: Two ootional offset 
TX positions also available. 
PERFORMANCE SPECIFICATIONS: 
TRANSMITTER: 9 RF Output: Hi 12W. Lo 1W Fmqusncv Stability: .001% - 1ODCV+ 
600C Local Oscillator: Simplex, 21.4 MHz; Offset +600 kHz, 22 MHz: -600 kHz. : 
MHz (Options for two more offsets other than 600 kHz) Han tpurious: h 
than 60 dB below carrier Deviation: 5 kHz Audio Respo 3 dB of 6 
Octave. Preemphasis characteristics from 300 to  3000 Hz. 
RECEIVER: Receiving System: Double conversion Superheteroayne - First Local us- 
:illator: PLL output of IF-21.4 MHz) * F i m  IF: 21.4 MHz (with 2polqmonolithic f i l- 
ter) Second IF: 455 kHz (with a ceramic filter) .Stability: .001%-10-+604: *Sar  
ritivity: .3 uV for 20 dB quieting*Squelch Sensitivity: .2 uV *Spurious& Image Rejec 
lion: Better than 80 dB Intermodulation: 60 dB Selectivity: " 6 kHz at 3 dB. k 1 
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072;OO list price. Call tor quote. 499.00 list price. Call for quote. 29.50 Call for yours today. 

I KENWOOD TS-820s I KENWOOD -- TS-520s -- 1 SSB transceiver - 1 M ~ ~ " ~ " - ~ ~  1 
Kenwood's best transceiver now has 3-element trl-band beam 

SSB transceiver the digital readout factory installed. The TA-33 has 10.1 d~ forward gain. 
TS-520s features: 160 thru 10 meter Some other features: PLL for superb (over isotropic source) Front-to- 
coverage Optional DG-5 frequency protection agalnst unwanted cross back ratio: 20 dB Power rating: 2 KW 
display (on top of unit) New speech modulation* No recalibration onside- PEP SSB inpu t  Except ional  
processor w~!h audio compression band operation Digital readout mixes broadband-gives excellent results 
amplifier Bu~lt-in AC power supply the  car r ie r  VFO and the  f i rs t  over full ham bandwidth VSWR at 
(DC-DC converter, optional) RF heterodyne frequencies, given the ex- Resonance: 1.511 or better Boom 
attenuator Provision for separate act frequency RF speech processor length 14' Longest element 28 
receive antenna & phone-patch. IF shift Built-in AC power supply. Wind surface area 5.7 sq. ft. 

1 739.00 list price. c d  for quote. 1 1098.00 list price. cal l  for quote. ( 206.50 list price. cal l  for quote. I 
Remember, you can call TOLL FREE: 1-800-633-3410 in U.S.A. or call 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM ti1 5:30 PM, Monday thru Friday. 

MAIL ORDERS. P 0. BOX ? 1347 BIRMINGHAM. AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM. ALABAMA 35233 

144 july 1978 More Details? CHECK-OFF Page 142 
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Price And Specflicahons Subject To 
Change Without Notice Or Obligation 

Y-u U~CIKVNIW CORP., 4a7au uvw- m-., rumu.rnmuJnt, CA 90723 (213) 633-4007 
YAESU ELECTRONICS CORP., Eastern Semite Ctr.. 613 Redl 4521 5 Cinclnn 



E I W C  tubes win a place 
in Rockwell-Collins' 

HF-80 systems. 
on on what makes 

.IMAC tubes so special, con- 
AC Division, 301 Industrial 
California 94070. Telephone 

~ o c k w e l l - ~ i l i n s  needed tubes as &ell- (913) 592-1221.0r contact any of 

constructed and reliable as the HF-80 system 
the more than 30 Varian Electron 

itself. That's why they went with EIMAC, the Device Group Sales Offices 
throughout the world. 

way they have for every hf system they've 
built since 1958. 

and customer a - I@+ 

The new HF-80 
equipment ranges from 
operator-attended re- 
ceivers and transmitters 
to fully automated, re- 
motely located communica- 
tions stations. The HF-80 IS 

4 

used worldwidc in business. mili- - 
tary and general government corn 
munications. So Rockwell-Collins 
tubes with worldwide availabilitv 

nee 
and 

nical back-up. ElMAC's proven iustomer 
acceptance and well-established reliability 
were more pluses. 

The HF-80 uses EIMAC's 
4CX1500B at 1 kW, 4CXSOOOA at 3 
kW, and 4CX15000A at 10 kW with - 
EIMACS 4CX350A as drivers. \ 4- 

varian 
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n 
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 unpacking to 

- 

final plug-in. 

fill in card and mail today 
T 

Please rush me mv 

I am not on your mailing 1131. 

Name 

Address 

Clly Stale 

PC-128 ZlP 

HAM RADIO Dept. 122430 



Send for your 
P 9""r-J 

ir 
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-3' 
HEATHKIT'CATAU 

Complete descriptions and 
" specifications of nearly 400 

_ electronic kits 
=,& -=+-> including: 
4 .  ' atereo compo- . nents: auto. 

marine and 
:, alnrall acces- 

aorles; dlgllal 
clocks and 

wealher 
-' Inetrumenls; , Amaleur 

Radlo; 
color TV: 
personal 

compulen 
and 101s morel 
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