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We're conva'nced ... we've buik the wodd'.s 
finest arnp!{fier in its cbss! 

THE NEWEST MEMBER OF THE FAMOUS HENRY RADIO 
FAMILY OF FINE AMPLIFIERS - ~ - - - - - -. - - 

The 2 K D - S a n d  2 K 4 A  linear amp l i f i e r s  comp le te l y  f u l f i l l  t h e  Input Clrcullr Calhodr PI Nnprlt rnalchmng crrcuttr lor maxmmum drtve and lhnsarlty 
n e e d s  o f  d i s c r i m i n a t i n g  a m a t e u r s  w h o  w a n t  t h e  v e r y  bes t  Power Supply Conrervatlve Power supply with sal~d state rect#l#err lor ,eltable. 

long term operatmn and a r e  w i l l i n g  to p a y  t h e  p r i ce .  B u t  w e  h a v e  l o n g  f e l t  t h a t  D,mens,ons 75..  h,ghr w,deK 15..daep We~ght 48 wundr 
m a n y  a m a t e u r s  w o u l d  be sa t i s f i ed  w i t h  less  p o w e r  i f  t h e y  Price 5695,00 

have the same high and 
2K-4A floor console h e a r  ampl~f~er st111 the "workhorse ' o f  Amateur 

T h e  1 K D - 5  fu l f i l l s  t h a t  need  beaut i fu l l y .  Rad~o Eng~neer~ng, construction and features second to none Provrdes 
Quality that is unmatched i n  any other linear i n  i ts class. The a long l ~ f e  of reloable servlce whtle 11s heavy duty components allow at 

same high standards of engineering and construction as the to loaf along at full legal power. $119500 
2 ~ ~ - 5  end 2 ~ 4 ~  Heavy duty comp0nentS 9uaran tw Yeam of  2KD-5 desk model Itnear ampllfer . I~ghter. more compact and less 
trouble free. dependable performance. expenswe, but sllll a heavy duty, hlgh quality lonear that will operate at . Smaller and lighter. Weighs about 27 pounds less. .  .easier t o  full legal power month after month for years to come. $945.00 
take along on vacation trips and DXpeditions. Tempo 2002 amplil~er for 2-meter operation. 2000 watts PEP t n ~ u t  . Lels expensive. I f  your budget ia limited, bu t  you st i l l  want a on SSB or 1000 watts lnput on FM or CW $795.00 
GOOD quality linear t o  k ick your signal way up. w i t h  sharp. Tempo VHF/UHF sol~d state power ampl~f~ers for use In most land 
clear signals. the 1 KD-5  w i l l  g ive you just about everything moblle appltcattons. Call or wrote for Itst of models avatlable 
you wan t . .  .and wi thout  sacrificing quality. Tempo 100AL10 VHF linear amplrf~er Power output of 100 watts 

GENERAL INFORMATION (nom ) w ~ t h  only 10  wans (nom ) on $209.00 
The TKO-5 IS a 1200 wall PEP Input (700 wan PEP nominal output) RF llneaf 3K.A linear amplifier (for expon and military use only) Superlor quality. 
a m ~ l ~ l ~ e r  cover~ng the 80. 40. 20 and 15 meter amateur bands (10 meters on extremely relaable At least three kilowatt PEP Input on SSB. . . 2000 unltr shnppd outnlde the U S ) 
Tuba Complement Emmac 3-5002 glass envelope lr~ode owratlng in a watt PEP output $1 595.00 

grounded grbd csrcurt 4K-ULTRA Isnear amplifter (for expon and military use only) For the 
ALC Carcunt ALC Cnrcunt to prevent ovsrdrwe lrom hlgh power szcitars. alw most demandmy operatton. . . SSB. CW. FSK or AM For general 

boosts average talk power coverage operation from 3.0 to 3 0  MHz. but can be mod~ f~ed  for 
Type ol Emtss~on SSB. CW. RTTY or A M  operation on frequencies up to 100 MHz 100 wans drlve delivers 
Antenna Relay DC relay nyrtem lor hum-Ires operat#on, requires shoning contact 4000 watts PEP 

to ground during lransmtt lo key ampl,ller nnto transm~l $3450.00 

Power Output lndcator Ssllcanta~ned relatwe RF power meter All of the .bow* oxnpt th* 2002.3K.A & 4K-ULTRA 
Tank Cnrcu~t PI-L place carcut1 wnh a rotary solver plated tank cod tor greatest m n  ar.ilabls at 1 . m ~  demkr. throuphout the U.S. 

eltlclency and maximum attenust,on ol unwanted harmontcs 

I1240 W. Olympic Blvd..LaAn~eles. Calif 90064 2131477-6701 
931 N. Euclid. Anaheim. Calif. 92801 7141772.9200 
Butler, Missouri 64730 8161679.3127 

h* r#nka .mM&.  .I 





New MFJ 3 & 1.5 KW Versa Tuners 
Run up to 3 KW or 1.5 KW PEP and match everything from 1.8 thru 

30 MHz: coax, balanced line, random wire. Built-in balun. 
3 KW VERSA TUNER IV'e 1 . 5  KW VERSA TUNER Ill's 

w 

NEW MFJ KW VERSA TUNERS HAVE THESEFEATURES IN COMMON 
Then 6 nrw MFJ KW Vena T u m n  let you run up 10 3 KW or 1.5 KW Fl~p down stand tilts tuner tor easy viewing 

PEP (depending on the model) and match any feedline Conftnuously from Efficient, encapsulated 4:l ferrite balun. 250 pf. 6000 volt capacitors. 
1.8 to 30 MHz: coax. balanced line or random wire. Gives maximum 18 poslt~on dual tnductor, 17 amp. 3000 V ceramic rotary switch (3 KW 
power transfer. Harmonic attenuation reduces TVI, out of band emissions. vers~on). 12 positlon tnductor, ceramlc rotary switch (1.5 KW version). 

All metal. low profile cabinet gives RFI protection, rigld constructton. 2% meters. SO239 coax connectors, ceramtc feedthru for random wlre 
sleek slyltng. Black. Rtch anod~zed aluminum front panel. 5 x 1 4 ~ 1 4  inches. and balanced Ilne. One vear lim~ted warranty. Made In U.S.A. 

~p ~ - - I MFJ-980 3 KW VERSA TUNER IV 

MFJ-984 3 KW VERSA TUNER IV $16gg5 Heavy  d u t y  encapsu la ted  4:l fe r r i te  
b a l u n  f o r  b a l a n c e d  l ines. 

EXCLUSIVE R F  AMMETER 
Insu res  m a x i m u m  p o w e r  t o  a n t e n n a  a t  The MFJ.980 Is MFJ'r lowest priced 3 KW Versa Tuner IV but has the 

m i n i m u m  SWR. Bui l t - in  d u m m y  load. $29gg5 same Features matchtr~r] an efficient, capahillties encapsulated as the other 4:l 3 KW fertile Versa balun Tuner lor balanced IV's. lines. 
Thls is MFJ's best 3 KW Versa Tuner IV. The MFJ 984 Deluxe 3 KW 

I Vet\.) T mrr v Q ves yn I a romh n.ltlon of qua ty performance, and 
tea1111~s thnl olnelc can't luuch at th~.. ur ce 

I An exclusive 10 amp RF ammeter InsLres maxlmum power to antenna 
at nllnlmt.ln SWR A separate mrler gtves SWR, toward, rellected power I 
in 2 ranges (2000 and 200 watts). 

Versatile antenna swttch lets you select 2 coax lines thru tuner and 1 
thru or d~rect, or random wire, balanced line or dummy load. 

A 200 wan 50 ohm dummy load lets you tune your exciter of l  air for 
peak perlormance. Ettlcient, encapsulated 4: l  ferrite balun. 

MFJ-981 3 KW VERSA TUNER IV 
- 

$1 9gg5 
A c c u r a t e  m e t e r  g ives SWR, f o r w a r d  
a n d  r e f l e c t e d  p o w e r  in 2 ranges: 2000  
a n d 2 0 0  watts. 4:l fe r r i te  ba lun.  

Rn MFJ-981 3 KW Versa Tuner IV 1s one of MFJ's most popular Versa 
Tuners. An accurate meter gives you SWR, forward and reflected power 
in 2 ranges: 2000 and 200 watts. Encapsulated 4: l  lerr~te balun. 

MFJ-982 3 KW VERSA TUNER IV 

$1 9gg5 
A n t e n n a  s w i t c h  l e t s  y o u  s e l e c t  1 coax  
thru t u n e r  a n d  2 coax  thru t u n e r  or 
direct, o r  r a n d o m  wi re  a n d  ba lanced  line. 

The MFJ-982 3 KW Vena Tuner IV glves you a versattle 7 posttion an- 
tenna sw~lch that lets you select 1 coax thru tuner and 2 coax thru tuner 
or dlrecl, or random wire and balanced Ilne. Encapsulated 4: l  balun. 
Il you already have a SWRlwaHmeter. the MFJ 982 1s for you. 

MFJ-962 1.5 KW VERSA TUNER Ill 

$1 6gg5 
SWR, d u a l  r a n g e  fo rward  end re f l ec ted  
p o w e r  meter,  6 posr t ron an tenna  
swrtch. encapsu la ted  4:1 ferrr te balun. 

The MFJ 962 1.5 KW Versa Tuner Ill 1s an exceptional value 
An accurate meter glves SWR, lorward and reflected power In 2 ranges 

(2000 and 200 watts) 
A versahle six position a h n m  r w h h  lets you select 2 coax lhnes lhru 

tuner or d~rrc t  or random wlre and balanced llne Encapsulated 4 1 balun 
Black fmnt panel has reverse lettering 

MFJ-961 1.5 KW Versa Tuner Ill 

$1 4gg5 
6 pos i t ron  a n t e n n a  s w i t c h  l e t s  y o u  
s e l e c t  2 coax  l i nes  thru t u n e r  o r  direct,  
o r  r a n d o m  w i re  a n d  b a l a n c e d  tine. 

The MFJ 961 1.5 KW Vena Tuner I glves you a versat~le SIX poslhon 
antenna sw~tch It lets you select 2 coax lines thru tuner or d~rect, or 
random wlre and balanced lhne Encapsulated 4 1 ferrlte balun 
Il you already have a SWRlwattmeter. the MFJ 961 IS for you 
Black tmnt panel has reverse i e t t ~ r ~ n g  

W h y  n o t  visi t  you r  dea le r  today? Compare  these  3 K W  a n d  1.5 K W  Versa Tuners  t o  o the r  tuners .  You ' l l  be conv inced  that  i t s  value. 
qua l i t y  a n d  features m a k e  i t  a t r u l y  ou ts tand ing  value. If n o  dealer  i s  avai lable, o rde r  d i rec t  f r o m  MFJ a n d  t r y  i t .  I f  n o t  de l ighted,  
re tu rn  i t  w i t h in  3 0  days  for  a p rompt  r e f u n d  ( less shipping).  Cha rge  VISA, MC. O r  ma i l  cneck, money  o rde r  p l u s  $10 sh lpp ing lhandl ing.  

For technical Intormation, orderlrepalr status. In Mlseleelppl, outelde continental USA. call 6 0 1 - 3 2 3 - 5 8 6 9 .  

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On - 
P. 0. BOX 494 I=] !t@] MF J ENTERPRISES, I NC. ..sIssIPPI STATE, MESISSIPP~ 39x2 
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Many of the problems that Amateur Radio has had to face over the past few years - and will con- 
tinue to face in the future - can be traced directly to one cause: the demands of an increasing num- 
ber of Radio Amateurs for finite space in the radio spectrum. More and more stations have been 
squeezed into the same bands, creating a congested mess for the Amateur operator, particularly dur- 
ing peak occupancy periods on weekends and holidays. In many cases the effects of crowded band 
conditions are aggravated by poorly designed ham equipment: transmitters which contribute broad- 
band noise and splatter, and receivers which cannot cope with nearby strong signals. The technol- 
ogy to solve these problems is available, but very seldom is it put to work; and until Radio Amateurs 
demand improved equipment performance it probably won't be. 

Herein lies the problem. How do you press for cleaner emissions from transmitters or push for 
receivers that will handle strong signals without overloading when there are no performance stan- 
dards? And not only are there no performance standards, in general the published equipment specifi- 
cations have not kept pace with technology. Gone are the days when receiver sensitivity and selec- 
tivity were the only things you looked for in a communications receiver; although today's receivers 
must contend with an abundance of closely-spaced strong signals, receiver "specmanship" has 
changed little since the days of vacuum tubes. 

A few of the manufacturers have begun to provide data on dynamic range, intercept point, and 
blocking, but you cannot compare equipment from different manufacturers because they don't use 
the same standards or test procedures. And since there are no standards, receivers with identical 
operating specifications often have vastly different on-the-air performance. Intercept point is cur- 
rently in vogue, and as one of my correspondents recently pointed out, "everyone suddenly has a 
' + 20 dBm' receiver - whether it costs $250 or $5000!" This points up the need for standardized test 
procedures. Specifications for intercept point and dynamic range are meaningless unless the input 
signal separation is specified, and that crucial information is usually not available to the consumer. If 
it's not, caveat emptor! 

The preponderance of " + 20 dBm" receivers reminds me of the time a few years ago when every 
ssb transmitter on the market was advertised with third-order IMD down "more than 30 dB." I t  didn't 
matter whether the final was built with rf power tubes, TV sweep tubes, or transistors - the magic 
number for third-order IMD was always -30 dB. Then W6SAI and a few others pointed out that 
most of the TV sweep tubes couldn't do better than - 22 dB in rf linear service, and some were as 
bad as - 18 dB! That spelled the beginning of the end for TV sweep tubes in amateur transmitters; as 
new ssb transmitters were introduced, more and more were designed around tubes and transistors 
which were intended for linear rf service. 

Receiver intercept point and transmitter IMD are only two of the problem areas. How about those 
built-in speech "processors" that often add so much distortion they make large sections of the band 
virtually useless? (And as an aside, what are we to do about the operators who refuse to turn them 
off even when they're told how bad they sound?) Established performance standards won't improve 
operating habits, but they would make it a lot easier to purchase equipment that meets your needs. 
And in the long run, a realistic set of standards will inevitably result in better Amateur equipment for 
all of us. 

Jim Fisk, WlHR 
editor-in-chief 
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ICOM saueezes omtimum 
~erformance into even 

tightest 
spaces. 

ICOM Performance comes in full feature, mua- 
mode fixed station transceivers and also in the 
diminutive IC-980, designed to  fit the most 
cramped modern vehicle. This heavily endowed 
performer is microprocessor controlled with the 
most sophisticated program of any of the ICOM 
radios. Small size means big performance with 
ICOM. 

I&## control hcd  mounted In Datum SO02 

Touchtone capacity for the IC-280 is provided by the 
optional 77l215 which plugs into the 280's mic 
socket with no modipcation to mic or radio (no 
battery). 

A 25 watt ou ut module is available on special 
order fmm I C ~ M  East or ICOM West (Optional at 
extra co* installation extra) 

ICOM WEST, INC. 
Su~te 3 
13256 Norlhrup V'-., 
Bellevue, Wash. ! 
(206) 747-9020 

The totally detachable small tronr secnon or n.- 
IC-980 houses the microprocessor for frequency 
control and memory. The IC-980's control head 
can store three frequencies of your choice which 
are selected by a four position front pan 
switch; and these frequencies are retained for 
long as power is applied to the radio's memo 
pin.. . even when the front panel switch is tumeu 
off or power from the ignition is interrupted. And 
when power is completely removed from the 
IC-980 the 2600 KHz splits are still maintained! 

Frequency coverage of the IC-980 is in excess 
the P meter band and its performance can eas 
accommodate the 144-1 45 (PO KHz/step) bana 
plan. The main section usesthe latest innovations 
in large signal handling FET front ends to provide 
excellent intermoduiation character and good 
sensitivity at the same time. The IF filters are crystal 
monolithics in the first IF and ceramic in the 
second, providing narrow band capacity for 
today and tomorrow's crowded conditions. The 
IC-980 will be providing ICOM Performance for 
years to come. 

I C O M  Performance: Nobody Does It Better. 

I lCOM INFORMMON SERVICE 
3331 Towerwood Dr, Suite 304 
Dallas. Tam 75234 

I - I -- v 1 
ICOM EAST. INC. ICOM CANADA 
Sufle 307 7087 V~ctor~s Dr~ve 
-731 Towerwood Drfva Vancouver B C V5P 3Y9 

~llas. Texas ---- Canada 
14) 620-2781 (604) 321-11 

PleasescndmeaNkdorKOMRoductUncWdog ' 1 and a llst d A u t h o r l d  KOM Dcakn. 
1 I 

S W E  - ZIP 

You may send e machine copy of thls form. 1 i 
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noise-figure 
measurements 
Dear HR: 

Bob Stein's article on noise-figure 
measurement in the August 1978, 
issue was very good but I disagree 
with his statement that, for equal sig- 
nal and image channel gains, the 
error will be 3 dB. The correct expres- 
sion is: 

Fdouble = I/2 (Fsingle+ 2)  

and can be found in Radio Astron- 
omy by John Kraus. In decibels the 
proper difference is: 

Fdouble Fsingle 
10 dB 12.8 dB 
6 dB 8.4 dB 
2 dB 3.4 dB 

Stein's comment about putting a 
filter at the input of a preamp and not 
putting one after the preamp is very 
important. I f  one were to build a 
receiver with no filter after the pre- 
amp, the noise-figure meter would be 
correct for the entire receiver and 
best performance would no t  be 
achieved. 

Charles H. Solie, WB5LHV 
Houston, Texas 

WB5LHV's letter referenced a book 
with which 1 was not familiar, and 
would have been welcome if for no 
other reason than bringing it to my 
attention. As it is, he certainly posed 
an argument which caused me a con- 
siderable amount of thought and 
research. To start with, the authori- 
ties for my discussion of image- 
response error in my article on auto- 
matic noise- figure measurements are 
as follows: 

1. Albert Van der Ziel, Noise: 
Sources, Characterization, 
Measurement, pages 154-1 56. 

2. George E. Valley, Jr. and 
Henry Wallman, Vacuum Tube 
Amplifiers, page 720. 

3. Merrill I. Skolnik, lntroduc- 
tion to Radar Systems, page 
365. 

4. W.W. Mumford and Elmer H. 
Scheibe, Noise Performance 
Factors in Communications 
Systems, pages 45 and 61. 

Eq. 13 in my article appears in slightly 
different, but equivalent, form in ref- 
erence 2, above. To clarify the situa- 
tion brought up by WB5L HV, it is 
necessary to start with the Friis/lEEE 
expression of noise factor. By defini- 
tion, it includes only that noise from 
the input termination which appears 
at the output via the principle-fre- 
quency transformation of a hetero- 
dyne system, and does not include 
spurious contributions from an 
image-frequency transformation. The 
single-sideband (channel) noise fac- 
tor, F, is defined by the formula 

where Nto is the total noise power 
output from the receiver 

G is the gain of the receiver 
k is Boltzmann's constant, 

1 . 3 8 x  l O - 2 3 j 0 u l e / ~ K  
To is the standard reference 

temperature, 290°K 
B is the receiver bandwidth 

in Hz 

Since the noise output of the receiver 
is the sum of (a) the internally gener- 
ated noise plus (61 the termination 
noise times the receiver gain, 

where TT is the receiver noise temper- 

ature (often shown as G T ,  where Te 
is the effective noise input temper- 
ature). 

Consider now a single-channel 
receiving system in which the receiv- 
er has no image rejection (equal gains 
in the signal and image channels). I f  a 
narrow-band noise source were con- 
nected to the receiver input, the pre- 
ceding expressions of noise factors 
would apply. However, if a broad- 
band noise source is used, there will 
be noise applied to both channels, so 
that the double-sideband noise fac- 
tor, F', will be given by the relation 

On the other hand, if a double-chan- 
nel radio astronomy receiver is under 
consideration, there is signal informa- 
tion in both channels and the receiver 
noise contribution is divided equally 
between channels. Therefore, the 
noise factor of a double-channel 
receiver in this application is expressed 
as 

Then from eq. 2, 

Thus, both relationships for F' are 
true, but are defined differently, 
depending on the application. Eq. 3 is 
applicable to a single-channel receiv- 
er which has no image rejection, 
because the receiver noise contribu- 
tion will degrade only the signal chan- 
nel, there being no signal information 
in the image channel. In the double- 
channel radio astronomy receiver, 
there is signal information in both 
channels, so that e9. 8 defines the 
relationship between the single- and 
double-sideband noise factors. 

Since in radio communications we 
are concerned only with single-chan- 
nel receivers, the discussion in my ar- 
ticle is correct. 

Robert S. Stein, W6NBI 
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IARU'S DELEGATES for September's WARC in Geneva have been selected. Included are 
IARb President VE3CJ as well as G5CO. HK3DEU. JAlNET, KlZZ. SPSFM, WlRU, W4KFC. WOBWJ, 
W5BPG and ZLZAZ. The IARU is expected to be one of a number of international organiza- 
tions with formal recognition to participate in the WARC as observers, a status not 
granted to national p.roups such as the ARRL or RSCB. A large number of Amateurs have 
also been named to national delegations, of course. 

RESTRICTIONS HOBBLING U.S. WARC delegates have been causing quiet concern in and out 
of Washington for the past few months. As a result of questions arising from another 
international confe~ence several years ago, delegates drawn from industry are subject to 
Justice Department guidelines" that severely limit their contributions in international 
conferences, in fear that they might act as advocates for their industries or employers 
instead of for the United States. 

It Now Appears that some relief is in sight as a result of Congressional action. Sena- 
tor Goldwater, w6ose proposed Communications Act rewrite (S-622) addressed this very prob- 
lem, is only one of several in Congress who are reported to be working at lifting the 
Justice Department restrictions so the U.S. WARC delegation will be able to function at 
full effectiveness. 

AMATEUR RADIO PROVIDED EMERGENCY COMMUNICATIONS in wide areas of the country during 
theearly summer months. In Wichita Falls (Texas7 a computer teamed up with Amateur (and 
other) comunications networks to provide a fast and efficient means of assessing damage 
and answering welfare inquiries. 

St. Vincent's Volcano was still acting up in June, following its Good Friday eruption. 
with Amateurs continuing to provide around-the-clock assistance at VPZSRC. 

Jacksonville, Florida got help from Amateur Radio mobile and repeater units when com- 
munications were needed for firefighters involved with a giant oil-tank fire in nearby 
Hilliard. 

The Tragic Crash of American Airlines flight 191 in Chicago disrupted local comunica- 
tions, and emergency channels were soon completely overloaded. Amateur Repeater W9SROlR 
on 147.75/15 was put on emergency status, as was the CD station on 147.3 MHz in the down- 
town Civic Center. Many Amateurs with mobile and hand-held units provided site-to-hospi- 
tal, traffic, and crowd-control communications during the first few hours after the 
traeedv. 

~ i g h t  Plane Crash In Baja, California gravely injured three Americans, but thanks 
to Amateur Radio all are recovering. The aircraft went down near the yacht of WA6SAX. 
at anchor near shore. The three seriously injured survivors were brought on board and 
WA6SAXlt-W immediately called for help on the Manana Net, raising NCS N6AUTlMM and WB6YRC. 
WA6UWC, a doctor, joined the group and provided much-needed medical emergency advice that 
kept the three alive until the red tape could be cut for two ambulance planes to fly into 
Mexico and take the injured back to California. 

FCC'S 900-MHZ CB Notice of Inquiry asks many questions, some of them with implications 
for services other than CB. The basic questions, of course, concern the limitations of 
present CB services, whether 900 MHz would solve those problems, and how much demand is 
there for a new CB service. In addition, however, the Commission wants to look at auto- 
matic transmitter ID, possibility of repeaters and interconnects, automatic transmitter 
time out and other built-in rules enforcement, and AM vs SSB vs FM. 

Due Date For Coments on the NO1 (PR Docket 79-140) is November 30, with Reply Comments 
due December 31. 

HF RADIATION HAZARDS are the subject of a new FCC Notice of Inquiry, General Docket 
79-144. Although the Commission noted that promulgation of RF radiation standards is 
the responsibility of health and safety agencies, it also recognized that it would have 
to consider radiation exposure standards adopted by other Federal agencies in its li- 
censing activities. With the environment currently a hot public issue, this NO1 could 
easily become a crucial one for Amateur Radio as well as most other radio services. 

FCC LICENSE-FEE REFUNDS are now available to licensees who paid more than $20 for their 
licenses, including Extra-Class Amateurs who paid the $25 fee for a special callsign. Ap- 
plications for the refund requires a special form, which with its instruction form resem- 
bles the infamous IRS Form 1040. Applications are available from any FCC Field Office or 
Federal Information Center, or can be requested by mail from FCC Fee Refund Program. P.O. 
Box 1788, Hyattsville, Maryland 20788. Questions about the program (only) will be field- 
ed during business hours on two toll-free numbers. (800) 638-0251 (outside Maryland) and 
(800) 492-0501 (Maryland only). 

CHARLIE CARROLL. KlXX, has joined Sanders Associates as an Engineering Associate and 
wfll be working in their Advanced Systems Department; Charlie, a staff editor at 
Radio for three years, recently received his B.S. decree in economics and management. 
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New OMNI/SERIES B 
Filters The Crowd 

The new OMNIISERIES B makes today's bands 
seem less crowded. By offering a new i-f selection 
that provides up to I6 poles of filtering for superior 
selectivity. And a new Notch Filter to remove 
QRM. No other amateur transceiver we know of 
out-performs it. 

NEW I-F RESPONSE SELECTION. OMNl comes 
equlpped with an excellent %pole 2.4 kHz crystal 
ladder i - f  filter which IS highly satisfactory in normal 
conditions. But when the yoing gets rough. the new 
OMNI/SERIES €3. with optional hlters installed, pro- 
vides two additional special purpose i-f responses. 

The 1.8 kllz crystal ladder filter tra~~bforms an 
unreadable SSB signal in heavy URM into one that 
gets the message through. The 0.5 kHz 8-pole filter 
provides extremely steep and deep skirts to the CW 
passband window which effectively blocks out even 
the very strong adjacent signals. 

Roth of these filters can be front-panel switched In 
serleq with the standard filter to provide up to 16 poles 
of f~ltering for near-ultimate selectivity. In addinon, the 
standard CW actlve audio lilters have three 
bandwidths (450. 300. and 150 HI) to give even 
lurthrr attenuation to adjacent signals. In effect. 
OMNI/SERIES R has six sulertivih, curves-three for 
SSR and t h r ~ c  lor CW That's h e  state-of-the~art 

Choice of readouts -0MNI-A for analog dial or 
OMNI-D lor dlgltal dial. Bullt-in VOX and PlT 
fanlities: Selectable Break-in, Instant or delayed 
recelver muting. Dual-Range Receiver Offset Tun- 
ing. 2 5  kHz or . 0 5 kHz. Wide Overload 
Capabllities, dynamic range typically exceeds 90 dB 
and a PIN diode switched 18 dB anenuator is also 
included. Phone Patch Interface Jacks: Adjustable 
ALC; Adjustable Sidetone; Exceptional Sensitivity; 
200 Wans Input to hnal with full warranty on final 
transistors for first ear pro-rata for 5 years; 100% 
Duty Cycle for ~ T f t  SSTV or sustained hard usage. 
12 VDC Circuitry for mobile use. external suppl~cs 
lor 117/220 VAC operation; Front Panel Micro- 
phone and Key .lacks: Built- in 25 kHz Calibrator In 
analog dial model; Zero-Beat Switch: "S":SWR 
Meter; Dual Speakers: Plug-In Circuit Boards: 
Functional Styling, black textured vinyl over 
alumlnum "clamshell" case. complementary nonrr. 
flechve warm dark metal front cayel; Complete 
Shielding; Easier-to-use size: 5 0 h x 144"w x 
14"d. Full Options: Model 645 Keyer $85; Model 
243 Remote VFO $139. Model 252M0 matching AC 

ower supplv $139; Model 248 Noise Blanker $49; 
hodel 217 500 Hz 8-pole Ctystal ladder CW Filter 
$55. Model 218 1.8 kHz 8-pole Crystal Ladder SSB 
Fillor $55 . ... ". --..., 

selectivity 

NEW NOTCH FILTER. A valiable frequency notch 
O M N l  owners note: Your OMNl can be converted to 

filter in OMNI/SERIES B is placed inside the AGC 
a SERIES B model at the factory for just $50 (plus $5 

R . . . . . .  . . . .  
o o o o o o r r n ? .  

for packing and shipping). The notch filter replaces 
loop to elrminate interfering carriers and CW signals ~ t : ~ s p g - - - - -  your present squelch control and provision is made 
wrthout affecting received si nals Attenuation is more 
than 8 ..S.. units (over 58 dbj for any frequenn/ Y O  I !  I I! I I I I I I for the two additional optional filters. a partial panel 

between 0.2 kHz and 3 5 kH3. , , I I , , with new nomenclature is provided Contact us for 
details 

OMNIISERIES B RETAINS ALL THE 
FEATURES THAT MADE IT FAMOUS. 

Model 545 Series B OMNI-A $949 
Model 546 Series B OMNI-D $1119 

All  solid-state: 160-10 meters plus converbble 10 TEN-TEC . I N C  Expenence the uncrowded world o l  OMNI/ 
MH7 and AIJX band ~osltlons Broadband desisn for L C  c 6 7  SERIES B See vour TEN TEC dealer or wnte for lull 
band changing without tuneup, without danger; rxt .#'. r , I. L N '  SLN A V T .  CHICIGO. ILL -6 details. 







antenna gain and directivity 
over ground 

A discussion of Yagi 
gain and directivity, 
reference antennas, 

and the effects 
of planet Earth 

The concept of antenna directivity and antenna 
gain is now several decades old; in fact, the terms are 
now quite familiar and are used by both technical and 
nontechnical people alike, apparently without much 
thought to what they mean - and also what they do 
not mean! 

Directivity is commonly defined as the ratio of the 
maximum radiated energy flux density (at some 
"best" azimuth and elevation angle) to the average 
radiated energy flux density, averaged over the entire 

"It is conceptually possible to approximate an isotropic source by the super- 
position of a very large number of independent and incoherent dipole 
sources whose orientations are uniformly distributed over the entire solid 
angle or sphere. It certainly would not be simple to make such a system, at 
least in the high-frequency region, nor to prove the accuracy of this ap- 
proach to the isotropic assumption. 

tNearly all "normal" high frequency antennas have radiation efficiencies 
which closely approximate unity. This is not true for very short radiators, 
nor for antenna systems with significant ground losses. 

solid angle or sphere. Note that this property is deter- 
mined solely by the complete three-dimensional spa- 
tial pattern of radiated energy. Directivity has a nice 
conceptual ring; it should, and presumably does, 
measure quantitatively the ability of the antenna to 
focus, concentrate, or direct its radiated output in a 
specific direction - compared with a reference an- 
tenna which has zero directivity (ie., equal output in 
all directions). This reference antenna is often referred 
to as an "isotropic radiator." However, this reference 1 antenna is totally fictitious - nobody knows even in 
principle how to make such an antenna." But it is a ' useful concept. 

The gain of an antenna at any azimuth and eleva- 
I tion angle is normally defined as the ratio of actual 
1 maximum radiated energy flux density to that which 

would be produced by an isotropic radiator whose 
total radiated output power is the same as the anten- 
na's input power. The gain of the antenna is then 
exactly the same as the antenna directivity multiplied 
by the radiation efficiency of the antenna. The radia- 
tion efficiency of an antenna is less than unity due 
only to conductor losses (and sometimes dielectric 
losses) and earth (ground) losses. In the remainder of 
this article I will assume these losses to be negligible 
and therefore will equate gain to directivity numeri- 
cally, even though their definitions are different. t 

It has been customary to object to the use of an 
isotropic radiator as the reference antenna because it 
is fictitious and physically unobtainable. Two sug- 
gestions have been made for alternative references: 

By James L. Lawson, W2PV, 2532 Troy Road, 
Schenectady, New York 12309 

v 
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(1 the infinitesimal dipole, whose pattern can be space conditions. Moreover, these free-space dipole 
closely approximated by a very short linear radiator; reference alternatives are still fictitious and physically 
and (2) the half-wave dipole. The infinitesimal dipole unobtainable in the real world, where real antennas 
has a theoretical directivity or gain (over isotropic) of interact with the real earth. 
1.5 (1.76 dB), and the half-wave dipole an isotropic Conceptually, one can still use the free-space (fic- 
gain of 1.64 (2.15 dB). Note, however, that these titious) reference antennas, even though the real 
directivities or gains have been stated only for free- antenna is used over earth or ground. This has the 

difficulty, however, that one cannot experimentally 
make or use anv of the reference antennas. Further- 

Antennas - a favorite topic of many, providing unlimited, and 
" often heated discussions. Whether on the air or at any reasonable 

size gathering of amateurs, antenna facts and fallacies abound - 
quads vs Yagi, short verticals, EME arrays, the interests are endless. 

Undoubtedly, one of the most popular subjects is the Yagi anten- 
na. Everyone, the contester, the DXer, and even the person with 
just a casual interest, wants the maximum performance from their 
antenna, and as often is the case, maximum performance for the 
money spent. In many cases, however, the two do not equate; for 
its performance, that new five-element, 20-meter monobander on 
the 30-foot boom might as well be a dipole strung between a couple 
of trees. Is the manufacturer to blame? Not really, he's just building 
a marketable product. The fault lies with us, the user. Fact - for 
the most part, gain of a Yagi antenna is dependent upon boom 
length, with the number of directors being a significantly less 
critical factor. However, amateur fallacy would have everyone 
believe that the greater the number of directors, the better the 
antenna, regardless of boom length. 

In a similar vein, consider the performance of a receiver in the 
Amateur Radio service. A few years ago performance, or actually 
lack of, was an often overlooked and misunderstood factor. Today, 
as a result of numerous articles in the Amateur Radio magazines, 
most amateurs are acutely aware of performance. This has resulted 
in a new generation of receivers from the manufacturers; receivers 
which now exceed previously unheard of performance standards. 

Unfortunately, the Yagi antenna is far from being an easy sub- 
ject. The antenna may appear to be very simple, but its per- 
formance depends upon a large number of interrelated variables, 
each factor affecting the others. As it turns out, the advent of the 
modern-day, high-speed digital computer has reduced the months 
of tedious calculations and emperical designs to a few minutes in 
front of a CRT terminal. This is not as simple as i t  may seem, for as 
we all should know, the computer is just a tool. Solving the problem 
still requires research and most importantly understanding. 

As anyone who has heard the antenna talks by W2PV knows, 
Jim Lawson understands Yagi antennas. A look at Jim's station 
and its performance should be ample proof. On the personal side. 
Jim Lawson, WZPV, received his PhD in Physics from Michigan in 
1939 and has worked for General Electric since 1945, the last fifteen 
years with Corporate Research and Development in Schenectady. 
New York. Jim's amateur career started in 1934 when he was first 
licensed as WSSSO. His other calls were W801U and the more well 
known WA2SFP from the 1960s. 

As a preview of what's to come, over the next seven to eight 
months, ham radio will be printing a series of articles written by 
W2PV dealing with the design of Yagi antennas. Topics will in- 
clude: computational methodology, simple Yagis, Yagi variations, 
ground effects, perferred designs, scaling and element tapering, 
and stacking. However, to start the whole series off in the correct 
perspective, this article will deal with the antenna in the real world 
and our perceptions of antenna gain. 

Having known Jim for several years and having benefited many 
times from this material and his knowledge, I can say, for anyone 
with an interest in Yagi antennas, read the articles; they will be well 
worth waiting for. K l X X  

more, the gain of an antenna referred to a free-space 
standard, even though quite correct, gives a value 
which is unnaturally high for most technical users. 
Nevertheless, it is a value which can in principle be 
derived, for example, from a complete measurement 
of the space energy flux density pattern of an anten- 
na. The (isotropic) reference radiation is simply the 
average flux density over the complete 47r solid angle 
(complete sphere), which is clearly just one-half of 
the average flux density over the 27r solid angle of the 

table 1. Yagi gain(s) in free space (dB). 

lower upper stacked 
reference Yagi Yagi Yagis 

isotropic 10.28 10.28 13.37 
infinitesimal dipole 8.52 8.52 11.61 
half-wave dipole 8.13 8.13 11.22 

irradiated hemisphere. The half space below the con- 
ducting ground plane is, of course, not irradiated. 

Another possibility is to use a reference antenna, 
preferably one that can be easily constructed, and 
place it at the same height as the antenna, or perhaps 
substitute it for the antenna in its actual position. 
This concept is appealing and is popular* because it 
suggests a relatively simple measurement technique. 
Unfortunately, the measurement technique is not 
simple, either in practice or in concept; moreover, 
gain ratios of different antennas measured in this 
way are generally not the same as if referred to the 
free-space reference, and also not the same as the 
actual ratios of peak energy flux densities. There is 
also the nagging question of what the "position" of 
an antenna system is (where one should substitute a 
reference dipole). For example, is the "position" of a 
stacked array over ground its mathematical center? 
The basic reason for this confusing state of affairs is 
that a dipole reference antenna itself exhibits a gain 
(referenced to free space) which depends upon 

'See, for example: The ARRL Antenna Book, 13th edition, American Radio 
Relay League, Inc., Newington, Connecticut, 1974, page 43. 
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height over ground. Most importantly, the gain 
occurs at an elevation angle different from that of the 
test antenna, even though the antenna is located in 
the same position! 

An example will illustrate the nature of this confus- 
ing conceptual problem. This example will approxi- 
mate the situation for a large stacked Yagi system 
now in fairly wide use on the 14-MHz band. The 
Yagis are each constructed with six evenly-spaced 

table 2. Reference half-wave dipole gain over earth (dB).  

reference (free space) height 0.6A height l.6X height l . lX  
.1 

isotropic 9.18 (25') 8.52 (9') 8.69(13') 
infinitesimal dipole 7.42 (25O) 6.76 (9') 6.93 (13') 
half-wave dipole 7.03 (25') 6.37 (9') 6.54 (13') 

elements on a boom 0.66 wavelength long. The low- 
er Yagi is at a height over ground of 0.6 wavelength 
and the upper Yagi is at a height over ground of 1.6 
wavelengths. I have calculated the pattern(s1 and 
maximum gain(s) of these Yagis (individually and 
stacked) by methods which I shall not attempt to jus- 
tify in this article," but which I believe are essentially 
correct. 

These gain figures, together with the elevation 
angles at which maximum gain occurs, are shown in 
tables 1, 2, and 3. Table 1 shows the (hypothetical) 
free-space gain of the Yagi system (in decibels) refer- 
enced to three different free-space standards. Table 
2 shows the (hypothetical) gain(s) of reference half- 
wave dipole(s) over ground at the same height(s) as 
the Yagi system (the "height" of the stacked array is 
taken as its mathematical center). I've also included 
the elevation angle at which maximum energy flux 
density occurs. Table 3 shows the gain(s) of the Yagi 
system referred to various standards, including half- 
wave dipoles at the same "height" over ground. 

Constructing table 3 presents a fundamental con- 
ceptual difficulty which needs resolution. In compar- 
ing the ratio of energy flux densities of the Yagi with 
the (substituted) reference dipole, what should be 
the elevation angle or angles at which this ratio is 
taken? The energy flux densities of the Yagi system 
and the reference dipole both vary with vertical 
angle, but vary differently. One can now define gain 
in any of several ways: 

A. The maximum ratio of Yagi flux density, Fy, to 
reference dipole flux density, FD (occurring at angle 
a ~ ) ;  

B. The ratio of maximum Fy (occurring at az) to FD at 
that same angle; 

"Computation methodology will be described in a forthcoming article. 

C. The ratio of Fy to the maximum FD (occurring at 
a3); 
D. The ratio of maximum Fy (at a2) to the maximum 
FD (at a3). 

It is interesting that perhaps the most logical defini- 
tion is the first; unfortunately, a1 will generally be a 
vanishingly small angle where the performance of 
both Yagi and dipole becomes vanishingly low, and 
where minute ground resistance and height effects 
make an actual experimental comparison highly inac- 
curate. Moreover, we are not really interested in 
using the Yagi at this angle. The most relevant meas- 
urement is probably 2, where the Yagi is used at its 
"best" elevation angle, up. 

To show how confusing these quantities become, 
table 3 shows "gain" at a very low angle - say 1 
degree - approximating case A. Also included are 
the angle for maximum Fy (case B), the angle for 
maximumFD (case C), the "gain" as the ratio of max- 
imum Fy to maximum FD (case Dl, and finally, in 
case E, the stacked-Yagi system at an angle which 
obviously produces a remarkable "gain" figure. This 
pathological behavior is due to the choice of an ele- 
vation angle at a fairly deep null in the reference 
dipole's pattern. 

The tables show a perplexing array of gain figures. 
Which of them is correct? Actually, they are all cor- 
rect; all of the differences are caused by the behavior 
of the reference antennas. The strange behavior of a 
reference dipole over ground, as shown in table 2, is 
due to its change in radiation resistance caused by 
mutual coupling with the ground image. This is a 
well-known effect." The elevation angle at which the 
reference antenna's gain is maximum is generally 
larger than that for a Yagi (higher-gain) antenna at 
the same height due to the way in which the 
"natural" gain of the Yagi falls off at higher angles. 

These tables also illustrate that the gain of a real 
antenna over real earth can not be stated unless its 
height is specified. Moreover, the concept of "stack- 
ing gain," i.e., increase in gain due to stacking, is 
determinable only in free space. Over earth, stacking 
does produce an increase in gain - but increase over 
what? It is probably best to avoid the temptation to 
use any "stacking-gain" figure, but simply to refer 
directly to the gain of the antenna system, which 
should now be understood to depend not only on the 
antenna components (Yagis), but also on their physi- 
cal locations above ground! The tables also show 

"See, for example: John D. Kraus IWSIK).  Antennas. McGraw-Hill Book 
Co., Inc., New York, 1950. page 305; The ARRL Antenna Book, 13th edi- 
tion. American Radio Relay League, Inc., Newington, Connecticut, 1974, 
page 54. 
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that big Yagis generally perform well over earth, but 
not quite by the same ratio as free-space gain. 

What then should one use as a reference stan- 
dard? It seems at the outset that the preferred defini- 
tion should allow natural comparison of two different 
antennas (say the lower vs the upper Yagi in the pre- 
vious example). That is, we require that the ratio of 
the maximum gains of the upper to lower Yagis is 
simply the ratio of maximum energy flux densities of 

t ab le  3. Y a g i  gain(s)  over  e a r t h  (dB)  a n d  e leva t ion  a n g l e  o f  m a x i m u m  

energy  f lux .  

* re fe rence  Y a g i  a t  0.6X Y a g i  a t  1.6X s t a c k e d  Yag is  

isotropic (free space) 

infinitesimal dipole (free space) 

half-wave dipole (free space) 

half-wave dipole a t  Yagi height 

A angle = 1 ' (see text) 

B see text 

C see text 

D see text 

E angle = 27'(see text) 

upper to lower Yagis. This is true in principle, if we 
use one of the free-space references, but not true for 
the half-wave, "substituted" reference dipole! In 
other words, if one used what has become a popular 
idea - gain "measurements" through a substituted 
half-wave dipole - the results are guaranteed to be 
confusing and guaranteed not to represent, even 
conceptually, a true measure of peak energy flux. 

If the substituted half-wave dipole is not to be used 
in gain measurements, how then can one go about 
experimentally measuring the gain of an antenna that 
is interacting with earth or ground? It is easy to see 
that this is a formidable problem. The maximum in- 
tensity angle must be determined by a test signal gen- 
erator or test detector; this must be done at the cor- 
rect elevation angle and at a range well beyond the 
near field of the antenna and well beyond the Fresnel 
zones. The test detector must be calibrated in abso- 
lute terms of energy flux per unit area, or, if absolute 
calibration is not possible, one must accurately 
measure the entire radiated pattern over the herni- 

'One can probably approximate the gain of an actual antenna by making 
measurements on a good model. While measurements are usually much 
easier to make on a (small) model, it is sometimes quite difficult to prove 
that the model is a faithful representation of the real thing and that all seal- 
ing laws are understood and properly applied. 

tSee, for example: John D. Kraus (W8JK). Antennas, McGraw-Hill Book 
Co., Inc., New York. 1950, page 17; "Reference Data for Radio Engineers," 
4th edition. International Telephone and Telegraph Corp., page 703. 

sphere, with sufficient accuracy to determine gain 
with the required precision. That this is a difficult 
undertaking is obvious; there appears, however, to 
be no other way of experimentally determining gain." 

In view of these considerations, I would like to 
suggest that, conceptually, antenna gain be defined 
simply as the ratio of maximum radiated energy flux 
intensity at the best azimuth and elevation to the 
average radiated energy flux intensity over allangles, 
i .e., the full 47r solid angle or full sphere. I suggest 
that this definition, in fact, is quite common; t it is 
consistent with using a free-space, isotropic refer- 
ence standard, and it gives the right ratios of energy 
fluxes for different antennas and antenna combina- 
tions whether in free space or over earth. It can, and I 
believe should, be used uniformly in all situations (in- 
cluding over the conducting earth). I t  can, in prin- 
ciple, be measured by integrating the complete spa- 
tial energy flux pattern. 

Please note that, in contrast, "gain" measure- 
ments through dipole substitution, in principle, will 
give wrong ratios of energy fluxes for different anten- 
na combinations. 

This isotropic gain definition (referred to free- 
space isotropy) will give much higher figures for gain 
than those to which we have become accustomed. 
But we can get used to that; after all, we are already 
used to the outrageous claims for gain made by com- 
mercial antenna manufacturers! 

To summerize, note the following points: 

1. Antenna gain or directivity should be referenced 
to a free-space standard in order to be useful in 
making meaningful comparisons. 

2. Experimental "gain" measurements over the 
earth by (dipole or other) reference substitutions 
will give confusing results and incorrect com- 
parison ratios. 

3. Experimental measurement of gain over earth is 
exceedingly difficult and basically impractical. 

4. Directivity or gain can be calculated! The ac- 
curacy depends upon the proper mathematical 
characterization of the physical antenna (Yagi) 
and the use of sufficiently accurate computational 
methods. I t  is likely that the overall accuracy of 
gain calculation using modern methods 
significantly exceeds the practical accuracy of ex- 
perimental measurement. 

5. Large (Yagi) antennas perform well over earth, 
but not by the same ratio as in free space. 

ham radio 
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using a single-chip 
microcomputer 

Theory and 
construction details 

for a keyer that 
serves as a training device 

and an iambic keyer 
with dot and dash memories 

Have you ever wanted some code practice to help 
increase your speed to pass that elusive 13- or 20- 
wpm barrier, but found W1AW being clobbered by 
interference and you have all the code tapes memo- 
rized? This combination CW trainerlkeyer could be 
just what you need. 

As a trainer, the trainerlkeyer sends random five- 
character code groups with selectable speed, spac- 
ing, and character set. There's no guessing at what 
speed the trainerlkeyer is sending because the speed 
and spacing are digitally selected by front-panel 
thumbwheel switches. Any speed or spacing from 1 
to 99 wpm can be selected in 1-wpm steps. With sep- 

arate speed and spacing switches, the character 
speed can be, say, 22 wpm while the character spac- 
ing is only 9 wpm; any combination is possible as 
long as the speed is greater than, or equal to, the 
spacing. Thus, for practice to get past that 13-wpm 
barrier, set the character speed at 15 wpm and grad- 
ually increase the spacing until 15-wpm spacing is 
reached. This technique, pioneered by Russ Farns- 
worth (WSSUV) in his "Easy Method" records and 
tapes, is known from numerous code-learning 
studies to be the best for rapidly building up code 
speed. In addition to the selectable speed and spac- 
ing, the trainer's character repertory is selectable. 
The five-character code groups can be constructed 
from either the alphabet or from the alphabet plus 
the numbers and punctuation. 

In the keyer mode, the trainerlkeyer performs 
as an iambic keyer with both dot and dash memories. 
As in the trainer mode, sending speed is digitally 
selectable in the same 1-wpm steps from 1 to 
99 wpm. No more guessing at what speed you're 
sending! 

microcomputer control 
The trainerlkeyer uses a new type of integrated 

circuit which will revolutionize Amateur Radio: a 
single-chip microcomputer. Notice that it's called a 
microcomputer rather than a microprocessor, which 
you've probably read about in equipment reviews or 
ads. There are several distinct differences. 

y John Beaston, NGTY, 4415 Tilbury Drive, 
an Jose, California 95130 
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First, a microprocessor requires additional ICs to 
make a computer: RAM (random-access memory), 
EPROMIROM (erasable-programmable or noneras- 
able read-only memory), and I10 (inputloutput). 
Ads for microprocessor systems (computers) usually 
show circuit boards crammed with these extra com- 
ponents. Microcomputers, on the other hand, have 
all the electronics from these additional components 
packed into a single piece of silicon - hence the 
name "single-chip" microcomputers. 

Aside from the obvious difference of size, micro- 
computers are generally easier to use than micro- 
processors. A large part of microprocessor system 
design involves simply getting all the various compo- 
nents playing together. In a microcomputer, this task 
?as already been accomplished by the microcomput- 
er manufacturer. All you must do is tell the micro- 
computer what's to be done and supply the interface 
to the high frequency rig, RTTY gear, or whatever. 

Now, microcomputers aren't going to make micro- 
processors obsolete. They are intended for slightly 
different applications. While microprocessors are 
perfect for applications such as small-business com- 
puters and high-speed communications, microcom- 
puters are designed to bring the power of a computer 
to control-type applications. Microcomputer applica- 
tions around the home might include a microwave- 
oven controller, an energy-management center, a 
repertory phone dialer, or a burglarlfire alarm sys- 
tem. In Amateur Radio, microcomputers are already 
appearing in applications such as scanning and 
remote-controlled high frequency and vhf rigs. Other 
applications that come to mind are self-tuning trans- 
matches; automated tracking Oscar antennas; digi- 
tal-station consoles; sophisticated accessories for 
RTTY, SSTV, and CW; and, of course, the CW train- 
erlkeyer. Only imagination limits the applications. 

Before going into the details of the trainerlkeyer 
let's discuss microcomputers in general, since they 
are so new. 

microcomputer basics 
All microcomputers are similar internally. Fig. 1 

shows a structure that applies almost universally. For 
the sake of illustration, let's assume that this micro- 
computer is being used as a traffic-light controller. 

Central processing unit. Looking at the function of 
the first block in the block diagram, the CPU (central 
processing unit) can be thought of as the master 
control sequencer - the brains of the microcompu- 
ter. It performs the actual counting of cars and 
changing of lights at the appropriate times. These 
actions result from following a list of instructions (the 
program) stored in the program memory. A typical 
program might be this: Leave the light green for 
street A until no cars have passed for 15 seconds, 

1 1 0  P O R T S  97 

D A T A  
MEMORY 

I R A M I  

fig. 1. Typical microcomputer structure showing major 
functional blocks. 

T I M E R / C O U N T E R  PROGRAM 
MEMORY 

( R O Y -  EPROM1 

then give street B the green until either five cars are 
waiting on street A or until 30 seconds have elapsed, 
whichever occurs first. 

CPU 

I10 section. If our microcomputer is to execute this 
particular program it needs some way of detecting 
the presence of cars traveling on street A. Sensors 
imbedded in the roadway sense the presence of a 
vehicle. To feed the sensor information into the 
microcomputer, simply connect the sensor to one of 
the input ports in the I10 section (assuming voltage 
compatibility, of course). The CPU then reads infor- 
mation on an input port whenever told to do so by an 
instruction from the program memory. 

Memory sections. Since the CPU must control 
each light in a traffic situation, it must remember 
which light is on in addition to other variables. Other 
such items might be the length of time a light has 
been lit, how long it needs to remain lit, and how 
many cars are waiting at street A while street B has 
the green. Each of these little pieces of information is 
stored in the microcomputer's data memory. 

Let's compare the program memory and data 
memory, since they sound similar but have distinctly 
different functions. The program memory is simply a 
list of instructions in a format the CPU understands 
(machine language). The CPU reads and executes 
the instructions in sequence, one by one. For any 
given traffic intersection the list never changes. The 
CPU executes the same list of instructions over and 
over. 

The data memory, on the other hand, holds data 
such as time or the number of cars waiting. Each 
location in the memory stores a particular piece of 
information. For example, assume location 3 in the 
data memory stores the number of cars waiting at 
street A, while street B is green. As soon as the light 
at B turns green, the CPU makes the contents of 
location 3 zero. Periodically the program memory 
instructs the CPU to check the car sensor, through 
the input port, to determine if another car has tripped 
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fig. 2.  Block diagram of the Intel 8748 showing key elements. 

gram just continues executing without changing any- 
thing. The data memory, unlike the program memo- 
ry, never tells the CPU what operations to perform; 
the data memory just stores information. 

When the CPU determines it's time to change a 
light, it does so through an output port in the I10 
section. Normally, each light is connected to a sepa- 
rate line on the output port. At the appropriate time, 
the CPU turns a light on or off by switching the port 
pin associated with a particular light. Since an output 
port's output level is TTL compatible (either 0 or 5 
volts), an external switch between the output port 
and the light is needed for the actual switching. 

Clock. The last block in the diagram is the clock gen- 
erator. This block determines at what times the CPU 
reads and executes new instructions from the pro- 
gram memory. All operations within the microcom- 
puter are synchronized to this master clock. The fre- 
quency of this master clock is set by an external 

the sensor. If such is the case the program instructs 
crystal. Typical frequencies are in the range of 

the CPU to increment the number in memory location 1-12 MHz. 
3, then to test it to determine if the number is equal 
to 5. If so, the CPU should change the light at B to Program memories. There are two different types 
red and the light at A to green. If the number is not of program memories, either ROM or EPROM. As the 
yet 5, there's no need to change any light, so the pro- name implies, the ROM-based program memory can- 

3  58 MHz 
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fig. 3. Schematic diagram of the CW trainerlkeyer. All resistors are % watt, 10 per cent tolerance. S3 and S4 and 
the contacts of an iambic paddle. 
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not be changed. The actual user program is placed 
into the memory by the microcomputer manufactur- 
er at the time the device is fabricated. Since this 
involves special tooling, the user is generally required 
to pay a fee - plus submit an order for a large num- 
ber of devices. If only one microcomputer is needed 
for. a special project, a ROM-based microcomputer 
isn't the way to go. 

Some microcomputers use EPROM for their pro- 
gram memory. EPROM technology allows the user to 
erase and reprogram the microcomputer at any time. 
These devices were originally developed to help the 
user debug his program before committing it to ROM. 
However, EPROM-based microcomputers are perfect 
for one-of-a-kind projects such as we hams usually 
undertake. They can be changed at any time with no 
worry about big orders or tooling costs. So if there's 
a need for a particular gizmo, just use the EPROM ver- 
sion. It's like having your own custom IC! 

lntel 8748 
The EPROM microcomputer used for the trainer1 

keyer is the lntel 8748. Its block diagram is shown in 
fig. 2. Notice the similarities to fig. 1. The 8748 has 
1024 bytes of program memory and 64 bytes of data 
memory. (Each byte holds one instruction, or piece 
of data.) This may sound awfully small if you're 
familiar with microprocessors; however, remember 
that microcomputers are used mostly for control 
applications. Very few of these applications require 
more than 1000 bytes of program. But if your particu- 
lar application requires more, the 8748 is easily 
expanded to 4000 bytes of program memory and 320 
bytes of data memory using external components. 

The 8748 also contains a total of twenty-six I/O 
lines. There are two &bit I10 ports (PORT1 and 
PORT21 that can be mixed as any combination of 
input or output lines. Another &bit port (BUS) either 
expands memory or is a simple input or output port. 
The remaining two lines are the test inputs, TO and 
TI.  The CPU can test these inputs under program 
control. They also have special functions depending 
on the mode of the internal timerlcounter. 

The programmable timer on the 8748 is an &bit up 

. . . . 
ELEMENT CHARACTER WORD 

SPACE SPACE , , SPACE 

-Ik 
DOT T I M E  

fig. 4. Morse code timing definition example for the Morse 
characters CQ DE. 

START e 
START EVENT COUNTER 1 

1 
READ SPEED 

1 

CALCULATE SPEED 
LOOP CONSTANT I I 
READ SPACING P 

BLINK 

CALCULATE SPACING 

fig. 5. Flow chart for the START routine in the CW trainer/ 
keyer software. 

counter. This timer either measures time intervals or 
counts external events. The specific mode is selected 
by the program. In addition, the CPU can read, load, 
start, or stop the timer. 

Rather than go into greater detail on the 8748, I'd 
suggest that any interested reader obtain The 
MCS-48 User's Manual from Intel's literature depart- 
ment. This manual provides all the hardware and 
software details for the 8748 as well as for several 
other single-chip microcomputers. 

trainerlkeyer circuitry 
Fig. 3 shows the schematic of the 8748-based 

trainerlkeyer. The circuitry is straightforward. It 
requires only three ICs, a crystal, an LED, and a hand- 
ful of switches, resistors, and capacitors. The 
thumbwheel switches determining the character 
speed (SPEED) and spacing (SPACING) connect to 
the BUS (DB7 = DBO) and PORT2 (P27 = P201 
lines respectively. The trainerlkeyer assumes BCD 
(binary-coded-decimal) coding for the speed and 
spacing input. The use of BCD thumbwheel switches 
is the easiest way to get the inputs into this format. 
Simple spst toggle or DIP switches could also be 
used; however, the BCD coding must then be done 
manually. Notice that no pull-up resistors are 
required on PORT2, although they are needed on the 
BUS inputs. PORT2 has the pull ups internally. 
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fig. 6. The PADDLE routine implements the iambic keyer 
section of the trainerlkeyer. 

PORTl (PI7 = PI01 is the remaining 8-bit I10 
port. Unlike the BUS and PORT2 ports which are only 
inputs in this application, both inputs and outputs are 
mixed on the various lines of PORTl. The inputs on 
PORT1 are the MODE, FORMAT, and DOT/DASH 
switches. MODE selects between the trainer and 
keyer modes. When MODE selects the trainer, the 
FORMAT switch determines the trainer's character 
set. With the FORMAT switch open, the trainer sends 
code groups containing only the alphabet. When 
FORMAT is closed, the alphabet along with numbers 
and punctuation form the code groups. If the keyer 
mode is selected through the MODE switch, a paddle 
supplies the inputs through the DOT and DASH lines. 
These inputs are independent, so either iambic or 
noniambic paddles may be used. The FORMAT and 
SPACING inputs have no effect when the keyer mode 
is used. 

There are two outputs on PORTl. PI0 is the actual 
CW output and PI3 is a status indication output. The 

two-input NAND gate, U2A, buffers the CW output. 
The other input is a TUNE switch, which clamps the 
NAND output high when depressed. This NAND out- 
put keys the sidetone generator, U3A, andlor the 
transmitter. Switch S5 disconnects the transmitter 
while in the trainer mode if desired. The sidetone 
generator uses one-half of the 556 as a bistable multi- 
vibrator triggered by the CW output. The transmitter 
keying circuit shown is for grid-block-keyed transmit- 
ters. For other keying techniques, a 5-volt relay could 
replace this circuit. 

The status indicator output, P13, notifies the user 
if an invalid combination of speed or spacing is 
selected. In normal operation the STATUS LED is lit 
continuously as a power-on indicator. If 0 wpm is 
selected, or if the spacing is greater than the speed, 
the LED flashes on and off until the condition is cor- 
rected. 

The trainer uses the internal timerlcounter in the 
event-counter mode to generate random numbers. 
These random numbers are eventually used to select 
the CW characters within the code groups. U3B sup- 
plies the events to be counted. As with U3A, this half 
of the 556 is wired as a bistable multivibrator. This 
oscillator output is tied to the 8748 T I  input. T1 is a 
dedicated input to the event counter when using the 
event-counter mode. Since U3B is free running, the 
event counter simply increments through its entire 8- 
bit range. As we'll see shortly, the program periodi- 
cally reads the contents of the counter. This number 
then selects the next CW character to be transmit- 
ted. Random character generation is guaranteed 
because there's no synchronization between the pro- 
gram and the free-running oscillator. 

The last piece of hardware is the crystal. The crys- 
tal supplies the basic time interval in which the CPU 
steps through the program in the program memory. 
Keeping cost in mind, a standard TV color-burst 
crystal, 3.58 MHz, was chosen. 

the code 
Before describing the software, let's review just 

how a Morse code character is developed. Every 
character is made up of elements: dots and dashes. 
One basic time unit relates all the elements and the 
spacing between them. Dots are one dot-time long, 
while dashes are three dot times in duration. Within a 
character, elements are separated by an inter-ele- 
ment space equivalent to one dot time. The space 
between characters within a word is defined as three 
dot times. Spaces between words are seven dot 
times. The basic time interval is a dot time. Fig. 4 
illustrates this timing for "CQ DE". 

For any given speed, the trainerlkeyer uses the 
time for one dot element as the basic time unit. To 
convert from words per minute to this basic time 
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unit, we use the equation found in the ARRL Hand- Program start. When power is turned on, the 8748 
book: begins executing the program corresponding to the 

START flow chart, fig. 5. This routine first starts the 
wpm = 2.4 (dots/second) event counter, then reads the speed selected 

Since in this formula a dot is made up of both the through the SPEED thumbwheel switches. If the 

dot itself and the space between it and the next dot, selected speed is 0 wpm, the program branches to a 

the equation for the basic time unit becomes: routine that flashes the STATUS LED once and 
returns to START. If the selected speed is something 

dot time (second/dot element) = 1.2/wpm other than 0 wpm, the routine converts the BCD 

We'll call this basic time unit a "dot time," with the 
understanding that it is the time equivalent to a dot 
element itself, not the dot element and the following 
space. For example, at 20 wpm, the dot time is 
1.2120, or 60 ms. . The trainerlkeyer has a short delay program that 
takes 0.1 ms to execute. This program does nothing 
except wait for 0.1 ms. To get the time interval need- 
ed, say, for 20 wpm, we simply make this program 
execute 60 ms1O.l ms, or 600 times. At  one wpm, 
we need 1.2sl0.1 ms, or 12,000 times; while at 100 
wpm the count is only 120. The trainerlkeyer uses 
this software technique to generate the time for each 
code element. 

The program is the heart of the trainerlkeyer. It 
has three basic sections: start, keyer, and trainer. 
The flow charts for each of these sections are shown 
in figs. 5 through 7. 

. . 
number into binary and uses this binary number to 
calculate how many 0.1-ms steps are needed to give 
the desired speed. This number of steps is called the 
SPEED loop constant. Once the SPEED loop constant 
is found, the same procedure is used for reading the 
SPACING thumbwheel switches and computing the 
SPACING loop constant. 

Once both loop constants are known, the MODE 
switch is tested. If the trainer is selected, the pro- 
gram branches to the routine called TRAIN, fig. 7. If 
the keyer is selected, the PADDLE routine is execut- 
ed, fig. 6. 

Keyer routine. Looking at the latter first, PADDLE 
simply tests the DOT and DASH inputs. If the dot side 
of the paddle is pressed (the PI4 input is O), the rou- 
tine sends a dot element by turning on the CW out- 
put, waiting in the delay loop for one SPEED dot 
time, turning off the CW output, and waiting out the 

Internal view of the CW trainerlkeyer. As can be seen, this version was constructed on perf board rather than using a printed cir- 
cuit board. Interconnections between the digit switches and the circuit board are made by using component carriers, which also 
hold the pull-up resistors (photo courtesy WBGSFCI. 
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fig. 7 .  The trainer section of the trainerlkeyer uses the 
TRAIN routine. 

inter-element space for one more dot time. Then, to 
give the iambic nature to the keyer, the DASH input is 
examined to determine if the dash paddle is pressed. 
If so, a dash is sent by turning on the CW output for 
three SPEED dot times and waiting the one-dot-time 
inter-element space. Then the DOT input is tested 
again and the process repeats. 

If neither side of the paddle happens to be pressed, 
the routine checks if either the SPEED, SPACING, or 
MODE inputs have changed. If one or more has 
changed the routine branches back to START to 

recalculate the loop constants, change modes, or 
both. If not, the DOT and DASH are tested again. 

The one area not shown in the flow chart is how 
the dot and dash memories are incorporated. During 
the delay time of sending an element or an inter-ele- 
ment space, the input for the other side of the paddle 
is tested occasionally. If it's pressed, a software flag 
(special bit) is set to indicate that memory is needed. 
When the current element is complete, this flag is 
tested. If it's set, the opposite element is sent before 
continuing. No action is taken if it's not set. 

Trainer routine. The trainer routine is similar to that 
of the keyer except that the inputs come from inter- 
nally selected characters. These characters are locat- 
ed in a special section of the program memory called 
the character table. The total number of characters in 
the table is 128. The frequency of occurrence of each 
character in the table roughly reflects its occurence 
in everyday text. In other words, the table contains 
seven A characters, six Es, six Ns, etc., while con- 
taining only two Js, two Zs, and so on. Each number 
and punctuation character has two entries. 

When the trainer needs a new character, it reads 
the internal event counter, which is driven from the 
free-running oscillator. This number is used as an off- 
set into the character table to select the next charac- 
ter. If the event counter happened to be 27 when it 
was read, the twenty-seventh character in the table 
(in this case it is a GI is the next character trans- 
mitted. 

Since the character set is variable, some testing is 
needed of the number read from the event counter. 
These tests ensure that the offset is within the table 
limits as well as within the selected character set. If 
the FORMAT selects all characters the entire table is 
used. If only alphabet characters are selected the off- 
set range is restricted to only that particular portion 
of the table. 

Characters in the table are stored in a binary form 
equivalent to Morse code. This form specifies that a 
dot is represented as a binary 1 while a dash is a 0. 

T H I S  ELEMENT 
S E N T  F I R S T  

I T R A I L I N G  I 

fig. 8. Binary format in the character table for the character 
B. All characters are read right to left and contain one extra 
trailing one. All remaining positions out of eight total are 
filled with zero. 
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fig. 9. PC-board layout for the CW trainerlkeyer above and component layout diagram below. 
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Each of the 128 entries requires one byte (eight bits). 
The characters are right-justified and contain a trail- 
ing 1. Fig. 8 illustrates the format for the letter B. To 
reproduce the Morse code equivalent, the trainer 
simply shifts the whole character one position to the 
right and tests the bit that falls off the right-hand 
end. If the bit is a 1, it sends a dot; if it's a 0 a dash is 
sent. This process repeats, bit-by-bit, until all the 
positions contain zeroes except the right-most. 
When this occurs, the character is complete, and a 
new character is fetched from the table. 

Now that we understand the basic operation of the 
trainer, let's look at its flow chart again (fig. 7 ) .  Since 
the trainer uses both speed and spacing, the first 
operation checks for the validity of the selected com- 
bination. Speed greater than the spacing is invalid, 
and the STATUS LED blinks accordingly. If the com- 
bination is okay, the character counter is set to 5. 
This software counter keeps track of the number of 
characters remaining to be sent in a five-character 
code group. Next, the event counter is read, and a 
character is selected from the character table. 

Character shifting is begun at this point. Let's 
assume the first element is a dash. The CW output is 
turned on and the delay routine waits three dot times 
as specified by the SPEED loop constant. The CW 
output is then turned off. Since the length of time 
until the next element depends on whether this ele- 
ment is the last in a character or is simply an interme- 
diate, intercharacter element, the routine checks for 
the character-done condition of all bits zero except 
the rightmost. If not the last element, an inter-ele- 
ment space is needed, and the delay routine waits 
one SPEED dot time before the character is shifted 
for the next element. If the dash happened to be the 
last element, the delay routine then waits the inter- 
character space of three dot units, using the dot time 
specified by the SPACING loop constant. Since a 
character has just been completed, the character 
counter is tested to see if the character was the fifth 
character in a character group. If not, the character 
counter is decremented by one, and the routine 
reads the event counter and gets the next character. 

If the just-completed character was the last of a 
group, an additional four SPACING dot times are 
awaited, to give a total of seven SPACING dot times 
between groups, which corresponds to a word 
space. The routine then returns to reset the character 
counter to 5 and begin the next group. 

construction 
Construction of the trainerlkeyer is straightfor- 

ward. PC and perforated board techniques work 
equally well. The printed circuit layout is shown in 
fig. 9 for those who would rather "roll their own." 

The only constraint in the construction is that the 
crystal and its companion 20-pF capacitors be locat- 
ed as close as possible to the 8748 IC. Be sure to by- 
pass all inputs and outputs from the enclosure to 
minimize rf entering the enclosure. As for the power 
supply, the trainerlkeyer requires only a 5-volt sup- 
ply. Any 5-volt supply capable of supplying 150-200 
mA is sufficient. The PC board layout contains provi- 
sions for a diode bridge rectifier and three-terminal 
voltage regulator. 

parts 
Many of the larger mail-order IC houses stock 

8748s. Otherwise, they can be purchased at any lntel 
distributor listed in the MCS-48 User's Manual. 
Demand for the 8748 is quite high, so availability may 
be limited; be sure to call around. Several versions of 
the 8748 are available. These different versions are 
denoted by another digit after the 8748; e.g., 8748-4. 
Any version will work in the trainerlkeyer. The 
8748-8 is the lowest-cost version, so ask for it if 
there's a choice. The only difference between differ- 
ent dash-numbered parts is the maximum crystal fre- 
quency. The maximum for the -8 is 3.6 MHz, while a 
"no dash" device works up to 6 MHz. 

One caution. These devices are unprogrammed 
and must be programmed with the trainerlkeyer 
software for use in this application. lntel distributors 
usually have a programming service available for a 
small charge, or an 8748 programmer can be con- 
structed based on the timing shown in the user's 
manual. Programming requires a knowledge of the 
machine language program. Listings of this program 
are available from the author. 

afterthoughts 
The 8748 is an extremely flexible device. The num- 

ber of applications for it within Amateur Radio are 
almost limitless. Other applications that have been 
built are a single-chip Morse code encoderldecoder 
and a WWVB digital clock that never needs to be set. 
As an example, the encoderldecoder allows you to 
receive and transmit CW directly on any Baudot or 
ASCII teleprinter, plus any terminal unit having 
RS-232 switching levels (ST-5 or ST-6). For transmit, 
the encoder accepts either Baudot or ASCll serial 
characters from the keyboard. Up to thirty-two char- 
acters are buffered and transmitted in CW at any 
speed from 1 to 99 wpm. On receive, the decoder 
adapts to any CW input speed all the way from 1 to 
over 100 wpm. Received characters are formatted in 
either Baudot or ASCll and sent serially to the printer. 
Why not pick up an MCS-48 User's Manual and get 
into computer-controlled ham radio the easy way? 

ham radio 
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dip meter converter 
for very low 

.. frequencies 

Using an ordinary dip meter 
at frequencies below 100 kHz 

can be a problem - 
this converter allows 

your meter to work 
accurately to 1 kHz 

You're just starting to build some equipment for 
vlf. There's a tuned circuit that you think you've cut 
to about 100 kHz, but something seems to be wrong. 
You reach for your trusty dip meter and you find . . . . 

If your dip meter resembles my ancient Millen, you 
find that it cuts off at 1.7 MHz. It doesn't come any- 
where near vlf. 

When faced with this disagreeable situation, I first 
devoted some thought to winding a few appropriate 
coils for the Millen. Then I toyed with the idea of 
starting from scratch with a VCO chip. Finally I tried a 
simple and rather obvious approach that worked 
beautifully. 

By using a ripple counter (fig. 1) you can divide 
what you need by what you don't have. Starting with 
a dip oscillator that's well calibrated, you can go to a 
frequency as low as you like. No improvising of coil 
forms, no hunting around for calibration points, and 
no worries about the mechanical stability of a new 
tuning mechanism. 

The 4040 counter chip divides by 21 through 212. 
This fits the approximately 2:1 tuning range of the 
typical dip oscillator and leaves no gaps in the spec- 
trum. Some conditioning of the input is required, but 

the 4001 is inexpensive and readily available, and it 
can be used for this purpose. 

All that's necessary to measure a resonant fre- 
quency is to feed an rf probe from the divider output. 
Connect the probe directly to the tuned circuit. The 
rf voltmeter measures the voltage drop across the cir- 
cuit. When off resonance, the probe is essentially 
short circuited. At resonance, the test circuit looks 
like a large resistance, and the voltage rises accord- 
ingly. Since the probe is directly connected to the 
test circuit, it's possible to measure not only the reso- 
nant frequency but the resonant impedance and Qas 
well. Seems like a nice bonus to get all this with such 
a simple apparatus. 

the circuit 
The first section of the 4001 is biased into its active 

region for use as an amplifier. This unloads the dip 
oscillator and helps keep its original calibration in- 
tact. There are different ways of handling the bias 
problem, but the one shown in fig. 1 proved to be 
thoroughly stable, and both the A- and B-series chips 
worked well. R1 provides a certain measure of input 

I protection. 
I A characteristic of CMOS is that steady-state off- 

sets propagate poorly through a series of gates. Ty- 
ing together both inputs to the second gate assists 
the process under certain circumstances. In this 
case, I found that the third gate could be switched by 
manipulating the bias on the first gate. The steady- 
state output, however, could not be set anywhere 
except at a supply rail. The fourth gate wasn't need- 
ed, so it was tied off. Supply voltages can vary from 
about 7 to 15 volts. For a variety of reasons, 12 volts 
seemed to be a good compromise. 

From the divider chip, a 12-position rotary switch 
selects the desired subharmonic and routes it to the 
four output terminals. Terminal A is for using the 
gadget as a utility squarewave generator. Terminal B 
is normally connected to terminal C either directly or 
through R4. This resistor is located outside the case, 
because it must be changed under certain circum- 

By E. G. Von Wald, W4YOT, 932 North Federal 
Highway, Lake Worth, Florida 33460 
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stances, as discussed later. Terminals C and D form 
the probe. C2 and CR1, with filter R5C3, form the 
business end of the rf voltmeter. A sensitive, high- 
resistance indicator - such as an electronic volt- 
meter - should be used to read the voltage. 

As mentioned, the 4040 divides by a factor as high 
as'212. When you apply this divisor to the lowest fre- 
quency on the Millen, you get an output of a little 
under one-half kHz. This seemed pretty far below 
that required for my purposes, so the 12th output on 
the chip was left unconnected. The open position on 
the switch allows the instrument to be used as an rf 
probe with external excitation. It has a resistance (at 
these frequencies) in excess of a megohm, shunted 
by several picofarads. 

construction 
Construction is simple and, allowing for the diffi- 

culties of working with quasi microcircuitn/, reason- 
ably fast. Since CMOS lends itself to point-to-point 
wiring, the additional problems of working up an 
etched circuit board are avoided. Fiberglass perf- 
board with 2.6-mm (0.1-inch) hole spacing was used 
with no. 24 AWG (0.5-mm) solid wire. Stripped of its 
insulation, this wire laces nicely through two or three 
adjacent holes. When pulled up tight, it holds its po- 
sition well, forming a stable anchor to the perfboard. 
Trim the wire about 5-mm (0.2 inch) above the adja- 
cent socket terminal. Then use a soldering tool to  
bend the trimmed stub over against the terminal. 
Twist the wire so that it stays against the terminal by 
itself. Soldering becomes very easy this way. 

The photograph of the instrument interior shows 
the mechanical layout. Metal shielding should be 
used to keep stray fields from the 4040 out of the rec- 
tifier circuit. Shielding was made from scrap flashing 
copper. The shield also serves as a mounting brack- 

Inside the vlf dip meter converter. The case is plastic with 
an aluminum top panel (not shown). Plastic is inexpensive 
and easy to work but mars easily. Static electricity is no 
problem. 

et. A spacer and bolt were inserted close to the 
switch to provide extra rigidity when switching. 

A word about using resistors at radio frequencies. 
The resistance values tend to fall off as frequency is 
raised. Henneyl gives some data for K-watt film- 
and slug-type resistors. Fig. 2 summarizes this infor- 
mation for the frequency-resistance range likely to be 
encountered here. 

adjustment 
When the circuit has been wired and checked for 

accuracy, insert the chips and power up. Use a VOM 
set to about 10 mA in series with one of the supply 
leads. Set the selector switch about mid range. 

Screw R2 all the way to one limit, then slowly 
bring it back past its midpoint. Supply current should 
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fig. 1. Vlf converter schematic. R4 will vary, as described in text. 
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be negligible until you get near the active region, than at resonance) at regular odd submultiples of the 
when it will jump rather suddenly to several milli- resonant frequency. This is why it's easiest to start 
amperes. Even with a 20-turn pot, this adjustment hunting for resonance from the high end. It also pro- 
range is narrow - % turn should carry you all the vides a graphic illustration of just what the corners of 
way through. square waves are made of. 

Leaving the pot set at the middle of the active re- You can use inductive coupling for resonance 
gion, short circuit terminal B to terminal C. Couple checking (but not for Q or impedance). Simply con- 

fig. 2. The product of frequency times resistance is shown on the horizontal axis. Frequency should be in MHz; resistance in 
megohms. The thin film resistors are clearly superior at radio frequencies. 

4 0  - 

the dip oscillator to the input through a 3-turn link at 
the end of a short length of RG-58lU cable. 

Set the dip oscillator to 4 MHz. When the oscillator 
is switched on, there should be another jump in cur- 
rent to perhaps 7 or 8 mA with a 12-volt supply. No 
further adjustment is necessary unless the supply 
voltage is changed by an appreciable amount. 
Should the output voltage vary appreciably across 
any single output range, either R2 is not set right or 
else more coupling to the oscillator is needed. Keep 
in mind, though, that there are about 4 or 5 pF of 
shunt capacitance at the rectifier and it's not always 
negligible (compared, in this case, with the resis- 
tance of R3). At 2-MHz output, for instance, the 
open-circuit voltage will be quite low. However, 
when a tuned circuit is connected, this shunt capaci- 
tance is simply absorbed into the tuning capacitance. 
At these frequencies, the error should not be serious. 

Once the device is functioning properly, connect 
the probe across a marked i-f transformer. Output 
voltage should fall toward zero. To find the resonant 
frequency, start from above the expected frequency 
and tune down. When you get close to the target, 
the output should peak up nicely. After locating the 
proper resonance point, keep tuning down the spec- 
trum. You'll find peaks (considerably lower in voltage 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

nect a multiturn link directly across the probe ter- 
minals. Couple this link to the circuit in question. 
Output will still be a peak at resonance. Expect to use 
a lot of turns at these low frequencies. 

0 1  0 2  0 3  0 4  0 5  0 6  0 7  0 8  0 9  I 0  1 1  12 I 3  1 4  I 5  2 0 2 5 

FREOUENCY X RESISTANCE 

operation 
You can use the 20 kilohms of R3 by itself for rou- 

tine frequency checking, with a short in the R4 posi- 
tion. Measuring circuit Qand resonant impedance is 
slightly more complicated. You have to make one or 
two voltage readings and do a little arithmetic. 

The divider chip itself can be viewed as a generator 
with a low internal resistance. Shunting such a low 
resistance across a parallel-tuned circuit would great- 
ly lower the apparent Q. The simplest way of avoid- 
ing this is to use a couple of megohms for R4 and 
make your measurements with a millivoltmeter. 

If yours is a standard analog electronic voltmeter 
with a lowest range of 1 % volts, you can't do this. 
The rectifier response would be somewhere between 
linear and square law, but you wouldn't know where. 
The voltage readings would be completely unreliable. 
It's better in this case to keep the voltage to the rec- 
tifier high, assume that it's more or less linear, and 
make a correction for the shunting resistance. Here's 
how to do it. 
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Short the square-wave output terminal directly to 
the probe terminal. With no loads connected, switch 
the output to its lowest frequency range. Observe 
the voltage reading (use the dc scale). This should be 
around 4% volts with a 12-volt supply. Call this volt- 
age E. 

Remove the short. Connect a suitable resistor in 
the R4 position. 50 kilohms would be a good value to 
start with. Now connect the probe to the tuned cir- 
cuit and measure the voltage reading at resonance. 
Call this Vo. For best accuracy, Vo should be some- 
where around half to three-fourths of E. You may 
have to hunt a bit to get a resistor that brings Vo 
within these limits. The amount of resistance 
required varies according to the resonant impedance 
of the circuit. If it's very low, you may have to use 
the minimum (R3 alone). 

Once you get Vo within the proper limits, measure 
the Q in the usual manner by detuning the oscillator 
until you get 0.707 Vo either side of resonance. 

% is the apparent Qnot the true Q. To find true Q: 

The factor 1.27 comes about because the E you 
measure is a square wave and includes harmonics. 
Some of them tend to cancel the peak of the funda- 
mental waveform. When the tuned circuit is con- 
nected, it bypasses these harmonics and they no 
longer affect things. (To be precise, 1.27 happens to 
be the coefficient of the first ac term in the Fourier 
series expansion of the squarewave after being nor- 
malized to the dc term.) 

To find the tuned-circuit resonant impedance, you 
can use the formula 

These results should be accurate to within about 10 
per cent or so, assuming you're using 5 per cent re- 
sistors properly derated. Frequency readings will be a 
few per cent on the low side because of the parasitic 
shunt capacitances. Decouplng the test circuit by 
feeding it through a large resistor will greatly reduce 
this error, but the peaks are harder to locate. 

By the way, if you're accustomed to using a dip 
meter, you'll notice something rather odd when 
measuring with this device. The precise peak at reso- 

nance seems somehow more elusive than the dip 
used to be. This is not just imagination. With the dip 
meter, the oscillator frequency tends to lock in with 
the test-circuit resonant frequency. This produces a 
sort of "slot" that holds the dip down over a certain 
tuning range and makes it more easy to observe. The 
effect is quite pronounced with very tight coupling to 
a very high-Q circuit. Such grabbing of control by 
what you're trying to measure is entirely absent with 
this gadget. The result is a somewhat different 
"feel." 

conclusion 
Despite its simplicity, this little indicator should be 

a big help in getting started at vlf. Now you can reach 
for your trusty dip meter - with the attachment - 
when working at 100 kHz. Or even 1 kHz! 

reference 
1. Keith Henney, Radio Engineering Handbook, McGraw-Hill, New York, 
1959. 

appendix 
An approximate equivalent circuit, neglecting the internal resis- 

tance of the chip and the parasitic capacitances, looks something 
like this 

At resonance Eo/ Vo = (R, + Z&Zo 

Hence Zo = R,/(Eo/ Vo- I )  

As measured, E and V are real. Z is, in general, complex, which 
leads to complex equations. However, for Qs greater than about 
10, the following reasoning is far simpler and leads to the same 
practical results. 

First, define the true Q. 

When R, is in parallel with Zo (through the generator), the effective 
parallel resistance is 

fRJo)/fR, + 20) 

Q = IRlzo/fR, + z d l I ~ / X ~ o l  

= [Rs/fR, + Z d l  4 
Hence Q = Q [(Rs + Zd/R J 

After substituting for Zo and some fiddling, you get the formula 
given. This notation is for sine-wave voltages. If E is a square wave 
some adjustment must be made, as indicated in the text. 

ham radio 
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ground systems 
for. vertical antennas 

Data to help you select 
the most efficient 

ground system 
* for your vertical antenna 

Over the past few years I've read and enjoyed the 
many articles about vertical antennas that have 
appeared in the Amateur magazines. Several of 
these articles refer to a very old research paper con- 
sidered to be a classic in the field of ground system 
design.' I finally located this paper, which was writ- 
ten in 1937 by three engineers who worked for RCA 
in New Jersey. Several of their main points are sum- 
marized in this article, and the important results pre- 
sented given in graphical form. 

Using several different antenna heights, the RCA 
engineers measured the transmitted field strength at 
ground level, while varying the number and length of 
the radial ground wires. The radials were buried at 
about 15 cm (6 inches), with a test frequency of 3.0 
MHz. One test, using radials laid on the surface of 
the earth, gave essentially the same field strength 
readings as when the radials were buried. 

interpreting the graphs 
First let's look at fig. 1. The actual measured field 

strength is plotted as a percentage of the maximum 
theoretical field strength for antenna heights from 10 
to 90 degrees. Remember that one wavelength con- 
sists of 360 electrical degrees, so that 90 degrees 
equals 114 wavelength, while 45 degrees is 118 
wavelength. Antennas taller than 114 wavelength 
were not used because of excessive height require- 
ments. In fig. 1A each radial is 41 meters (135 feet) 
long, which amounts to 0.412 wavelength at 3 MHz. 
In fig. 1B each radial is 27 meters (90 feet) long 
(0.274 wavelength), while fig. 1C was plotted for 
13.7-meter (45-foot or 0.137-wavelength) radials. 
Figs. 2A through 2D show field strength as a func- 
tion of antenna height for three radial lengths with 
the number of radials held constant. 

What do these graphs mean? First, for any number 
of radials of any length, making the antenna higher 

will make it radiate more efficiently, although the 
graphs tend to flatten out in most cases once the 
antenna height reaches 118 wavelength or so. Fig. 
1C shows that, even if many radials are used, the 
field strength doesn't exceed 80 per cent of the 
theoretical maximum value because the radials (just 
over 118 wavelength) are simply too short. Using 
only 15 radials in this case gives results almost as 
good as using 113 radials. This holds true even if the 
antenna itself is very short. 

If you use radials of about 114 wavelength (as in 
fig. IB) ,  the measured field strength increases to 
about 92 per cent of the theoretical maximum if 113 
radials are installed. Increasing the length of the radi- 
als still further, to about 0.4 wavelength, as in fig. 
I A ,  brings the measured field strength to 98 per cent 
of the theoretical maximum, if you again use 113 
radials. 

Looking at figs. I A ,  IB, and IC ,  you can see that 
if you use only two radials for your ground system, 
the field strength will be virtually identical no matter 
how long the radials. Even if you use a full-size, 114- 
wavelength vertical, the field strength will be less 
than 65 per cent of the theoretical value. As the num- 
ber of radials increases, the improvement in field 
strength is progressively greater (the curves become 
further apart) as the length of the radials is increased. 
As you've already discovered from fig. IC ,  putting 
down more radials may not yield much improvement 
if the radials are too short. Similarly, using very long 
radials is a waste of time if they are too few in num- 
ber, as shown in fig. 2A. Fig. 2D illustrates the bene- 
fits that can be gained by using long radials if you can 
install a lot of them. 

examples 

1. Suppose you have a 15-meter (50-foot) tower sec- 
tion that's base loaded with a low-loss inductor, and 
the system is resonant in the 160-meter "DX win- 
dow" at 1825 kHz. The antenna height works out to 
be slightly less than 1/10 wavelength, or about 35 
electrical degrees. Thinking that you'll probably need 
lots of radials to get good efficiency with such a short 
antenna, take a look at fig. 2D, which is for a 
ground system of 113 radials. Using 0.137-wave- 
length radials (about 22.5 meters or 74 feet) the effi- 
ciency is about 68 per cent; it is 87 per cent for 0.274- 

y Alan M. Christman, WD8CBJ, Box 44, 
.anville, West Virginia 26534 
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wavelength radials (45 meters, or 148 feet), and 96 
per cent for 0.412-wavelength radials (68 meters, or 
222 feet). By interpolation, 90 per cent efficiency 
would require 113 radials with lengths of about 0.32 
wavelength (53 meters, or 173 feet). 

Another approach is to use fig. 1A. About 96 per 
cent efficiency can be achieved by using 113 radials 
0.412 wavelength long, as mentioned above. Using 
60 of these radials yields 86 per cent efficiency; and, 
by interpolation, 90 per cent efficiency is attained by 
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30 
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using 81 of these long radials. The first scheme 
requires 5948 meters (19,500 feet) of wire, while the 
second approach uses almost 5490 meters (18,000 
feet). 

2. Suppose you have a phased array of 114-wave- 
length verticals on 40 meters, and want 90 per cent 
efficiency. From fig. IB ,  i t seems that 60 radials, 
each 0.274 wavelength (12 meters, or 38 feet) will 
give the desired result. Or you can use fig. 1A to  
determine that 38 radials, each 0.412 wavelength (17 
meters, or 57 feet), will also do the trick. Total wire 
length is 695 meters versus 662 meters (2280 versus 
2170 feet) 

3. Suppose you have a four-band trap vertical (40 to 
10 meters) and your yard is such that the radials can't 
be any longer than 5.8 meters (19 feet).  This 
amounts to about 0.137 wavelength at 7150 kHz, so 
fig. 1C applies. 

Now it looks like it would be a waste of time to put 
in more than fifteen radials, because very little field 
strength is gained by adding extra ones. But this is a 
multi-band antenna, and those 5.8-meter (19-foot) 
radials are 0.274 wavelength at 14.2 MHz and 0.412 

NUMBER oF 
RADIALS 

ANTENNA HEIGHT ( O E G )  

8 
fig. 1. Design data for ground radial systems. Graphs 
A, B, and C show actual measured field strength as a 
percentage of maximum theoretical field strength for 
various numbers of radials 0.412, 0.274, and 0.137 
wavelength long. 

wavelength at 21.34 MHz, so fig. 1B applies for 20 
meters, and fig. 1A applies for 15 meters. If you use 
sixty radials, each 5.8 meters (19 feet) long, you 
won't get much improvement on 40 meters, but the 
increase from 15 to 60 radials yields a gain in efficien- 
cy from 79 per cent to 91 per cent on 20 meters and 
from 77 per cent to 94 per cent on 15 meters. The 
results on 10 meters are better yet. Radials that are 
"short" on one band may be quite "long" on another 
higher band. 

A tall antenna will have a broader bandwidth than 
a shorter antenna of the same diameter, so if a short 
antenna must be used, make it "fat." Instead of alu- 
minum tubing or pipe, make the vertical radiator 
from tower sections. Alternatively, a wooden tele- 
phone pole can be used to support a wire cage built 
around it. A short, fat antenna may have a band- 
width as great as, or greater than, that of a tall, thin 
one. A top hat can be used to capacitively load a ver- 
tical and make it seem taller. Experiments by W2FMI 
show that a top hat of diameter D will increase the 
effective height of the antenna by 20.2  A taller 
antenna will also have a higher radiation resistance. 
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There's nothing sacred about a 114-wavelength verti- 
cal, but an antenna of this height will have zero reac- 
tance, and therefore may be easier to match to the 
transmission line because its base impedance will be 
purely resistive. As the antenna is made taller, up to a 
maximum of about 518 wavelength, the elevation 
angle of the major lobe of radiation becomes lower, 
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O F  RADIALS 

15 RADIALS 

ANTENNA HEIGHT (DEGI  

Q 

WAVELENGTH 
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60 RADIALS 

ANTENNA HEIGHT IDEGl  

e 

a point at which it's useless to install any more of 
them. 

If the radials are short compared with the operat- 
ing wavelength, radiation efficiency will be low and 
relatively few radials will be needed to reach this 
point. If the radials are quite long, then many can be 
installed before reaching the point of diminishing 

WAVELENGTII 
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8 

% dB WAVELENGTH 
OF RADIALS 
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Q 
fig. 2. Performance comparison of fixed numbers of ground radials of various lengths. These graphs show measured field 
strength as a percentage of maximum theoretical field strength for 15,30,60, and 113 radials. 

which should improve the DX capabilities of the returns. The "classic" ground system used by a-m 
antenna. If a very tall antenna is erected, vertical broadcast stations consists of 120 radials, each 112- 
stacking through the use of a coaxial sleeve or other wavelength long, which gives a radiation efficiency 
means may be used to achieve extremely low radia- on the order of 95-98 per cent.4 
tion angles.3 references 

1. Brown, Lewis, and Epstein, "Ground Systems as a Factor in Antenna 
conclusion Efficiency," Proceedings o f  the Institute o f  Radio Engineers, June, 1937, 

Remember that these graphs were drawn from page 753. 
2. Jerry Sevick, "Short Ground-Radial Systems for Short Verticals," QST, 

data taken at a specific location in New Jersey, and April. 1978, page 30. 

results may Vary somewhat depending On local soil 3. Paul Lee, "Theoretical Aspects of Vertical Stacking." The Amateur 
Radio VerticalAntenna Handbook, Cowan, 1974, page43. 

conductivity. However, the general results are still 4. Keith Henney, Radio Engineering Handbook, McGraw-Hill, New York, 
useful and may be used as a guide. It's important to 5th edition, page 20. 

note that for any given length of radials there comes ham radio 
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all about 
traps and 

trap antennas 
These days, almost everyone who enters the 
Amateur Radio hobby purchases or builds a band- 
switching transmitter or transceiver covering 80 to 10 
meters, allowing a degree of operating flexibility 
unknown in the days of single-band finals and plug-in 
coils. A logical extension of the bandswitching trans- 
mitter is an equally flexible antenna, capable of 
"instant" operation over the same bands the trans- 
mitter covers. Hence the trend to efficient, auto- 
matic, multiband antennas. One of the most popular, 
and technically sound, multiband antenna systems is 
the trapped antenna, both in its vertical and horizon- 
tal forms. Unfortunately, if ever there was confusion 
surrounding antennas, there's confusion about trap 
antennas; a great deal of mumbo-jumbo has been 
written about them. 

In this article, I will attempt to set things straight 
with a discussion of some of the basic antenna con- 
cepts necessary to put traps in perspective, then I'II 
proceed to talk about both the trap dipole and the 
trap vertical. I'II also make some suggestions on how 
to feed, match, and tune the trap antenna, and dis- 
cuss some possible problems you may encounter 
with harmonic radiation and television interference 
(TVI ). 

basic concepts 
Many beginners do not realize the importance of 

using a good antenna, and, as a result, waste much 
of their transmitter power and spend much of their 
time unsuccessfully trying to make contacts. While 
virtually any piece of wire can be "loaded up" using a 
wide-range antenna coupler on any band, the per- 
formance of such a makeshift antenna will not likely 
set any DX records. Far better for single-band opera- 
tion is the dipole, or "doublet," antenna, which is 
usually the simplest and most trouble-free kind you 
can use. The dipole is normally cut for the center of 
the desired band and fed with 50- or 75-ohm coaxial 
cable. A coax-fed dipole that is high and in the clear 
will usually work well over a range of + 2 per cent of 
the center frequency before the mismatch even goes 
above 2 : l .  

A simple half-wave dipole is cut to frequency using 
the formula F (in feet) = 4681'frequency (in MHz). 

Whereas the impedance at the ends of the antenna 
is quite high, approaching 3000 ohms or more, the 
center impedance of a high-frequency dipole at mod- 
erate heights runs about 50-75 ohms. This presents a 
good match for easy-to-handle coaxial cable. The 
other end of the transmission line (which may be of 
any reasonable length) is connected to the output 
connector of the transmitter or transceiver. Thus, a 
good match is also effected between the transmis- 
sion line and the transmitter, which normally has a pi 
network output circuit designed to handle line impe- 
dances under about 100 ohms. 

Problems arise when you try to use a dipole far 
from its design frequency: For example, using one 
cut for the center of the relatively wide 80-meter 
band (3750 kHz) at the high end, 4000 kHz. The 
impedance will then be reactive, since the antenna is 
no longer perfectly resonant, and it may result in a 
moderately high SWR and loading problems at the 
transmitter. Also, if you try to use a dipole that's cut 
for one band on another band, you may develop a 
severe transmission line mismatch (SWR) of up to 20 
to 1 or higher. If you were to load up an 80-meter 
dipole with 40-meter r f  from your transmitter, for 
example, you would find that the antenna no longer 
acts like an ordinary dipole, but rather like two half- 
wave antennas fed at their endpoints. The impe- 
dance might be around 3000 ohms, resulting in a mis- 
match to 75-ohm coax of about 40 to 1 ! 

Thus, the dipole is essentially a single-band anten- 
na, although there is an exception. At odd harmonics 
of its fundamental frequency the antenna's center 
impedance is low, so that it can be fed with low- 
impedance coax and work on certain higher-frequen- 
cy bands. A 40-meter dipole, for example, can be 
used on 15 meters (21 MHz being an odd harmonic of 
7 MHz); this fact is also made use of by trap manu- 

By Karl T. Thurber, W8FX, 631 North Over- 
brook Drive, Fort Walton Beach, Florida 32548 
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facturers to make possible operation on several 
bands using a minimum number of separate traps. In 
fact, the horizontal trap dipole is really an ingenious 
and versatile adaptation of the basic dipole or 
doublet. 

What about verticals? I'll cover trap verticals later, 
butfirst I want to discuss basic vertical antenna con- 
cepts. The vertical is popular on all the high-frequen- 
cy bands, and especially on the three highest bands 
(20, 15, and 10) for DX work. The simplest vertical is 
a quarter-wavelength long, fed "against ground" or 
connected to "artificial" groundplane radials tied to 
the base of the antenna. The groundplane, or earth, 
acts as a sort of mirror image for the antenna, allow- 
ing it to be a quarter-wavelength long rather than a 
fill half-wavelength. The vertical's feedpoint impe- 
dance is usually between 25 and 40 ohms, so it offers 
a fair match to 50-ohm coax. 

The vertical's popularity stems from two factors. 
The first is that it is a space saver; all one needs is 
vertical space, rather than a long horizontal antenna 
"run." If buried ground radials rather than above- 
ground radials are used, no horizontal space at all is 
required. (Of course, to be effective, the vertical 
should be installed as far as possible from other 
objects, such as house and utility wiring, and the 
ground system should be as extensive as possible.) 

The second factor promoting the popularity of the 
vertical antenna for high-frequency work is that it 
produces a low angle of radiation, which places max- 
imum signal near the horizon for good effect when 
working DX. When compared with a horizontal 
antenna mounted 10 to 15 meters (30 to 50 feet) 
high. the vertical will usually perform better over 
longer hauls, roughly 950 to 1300 km (600 to 800 

Traps and completed trap antennas may be fine tuned to 
resonance using an rf noise bridge such as the one shown 
here. The traps may also be adjusted using a grid-dip oscilla- 
tor, and overall antenna performance may be checked with 
the aid of an SWR (standing wave ratio) bridge (photo cour- 
tesy Palomar Engineers). 

miles) and beyond. On the other hand, the horizontal 
will usually give a better account of itself over shorter 
distances. The choice of vertical versus horizontal 
antennas for the high frequencies depends a great 
deal on what you want to use them for - and also on 
individual preference. Overall, I prefer the horizontal 
on 80 and 40 meters (for short- and medium-haul 
work), and the vertical on 20, 15, and 10 for longer- 
path DX. 

variations on a dipole 
Lack of space has prevented many an Amateur 

from putting up any satisfactory antenna for the 
high-frequency bands, let alone install multiple 
antennas for each band on which he might want to 
operate. In many cases, an antenna length of about 
30 meters (100 feet) is all that can be managed on a 
small city or suburban lot, not quite enough for oper- 
ation on 75 and 80 meters. The trap antenna offers 
promise in this case, since its traps act as loading 
coils to "shorten" the required length to between 30 
and 35 meters (100 and 110 feet) for 80-meter opera- 
tion, and the electrical characteristics allow the 
antenna to be fed easily on the higher bands by an 
untuned (coax) feedline. 

Trap operation is actually quite simple. Each is a 
parallel-tuned LC coil and capacitor circuit which is 
installed in the antenna to "divorce" the remainder of 
the antenna from the section on the "inside" of the 
traps. The principle involved is that an inductor and 
capacitor in parallel, when tuned to a given frequen- 
cy and installed in a line, present a near-infinite impe- 
dance to rf current at that frequency. In effect, the 
parallel circuit acts to "trap" that particular frequen- 
cy, acting as though it were the end of the antenna 
for that frequency. At  all other frequencies (both 
above and below the trap's resonant frequency), the 
trap is a short circuit so that rf passes through it as 
though is were not there. 

Several trap dipole configurations are popular. In a 
simple trap scheme, only one pair of traps is required 
for operation from 80 through 10 meters. In this case, 
a basic flat-top length of about 32.4 meters (108 feet) 
is used for 80-meter operation, the shortening being 
due to the electrical loading caused by the traps. On 
40 meters, the traps insulate, or "divorce," the out- 
side wire sections so that the antenna looks electri- 
cally like a 40-meter dipole. On the higher bands - 
20, 15, and 10 meters - the trap dipole works out to 
electrical lengths that are roughly odd multiples of 
half-wavelengths (such as three half-waves on 20, 
five half-waves on 15, and seven half-waves on 10). 
Thus, use is made of the same principle that allows a 
simple 40-meter dipole to work on 15 meters. 

In a more complex trap arrangement, a pair of 
traps (one on each side of antenna center) is required 
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40-METER 
SECTION - 

20-METER 160 and 20 meters, or 80, 20, and 15 meters, to cite 
but two of many possible examples. Fig. 1 shows 

10- METER trap arrangement in a multiple-trap antenna. - SECTIONd 
lNSUL,ATOR INSULATOR Either trap scheme is capable of delivering good 

. D  C B A A B C D  

*SUPPORT 
COAX CABLE TO 

TRANSMITTER 

selected trap and trap antenna suppliers 

Antenna Supermarket, Post Office Box 1682, Largo, Florida 
335450 

Butternut Electronics Co., Route 1, Lake Crystal, Minnesota 56005 

Cushcraft Corp., Box 4680, Manchester, New Hampshire 03108 

Electrospace Systems, Inc., Post Office Box 1359, Richardson, 
Texas 75080 

Hy-Gain Electronics Corp., 8601 Northeast Hwy. 6, Lincoln, 
Nebraska 68505 

Mosley Electronics, Inc., 4610 Lindbergh Blvd., Bridgeton, 
Missouri 63044 

New-Tronics Corp., 15800 Commerce Park Drive, Brookpark, 
Ohio 44142 

Pace-Traps, Box 234, Middlebury, Connecticut 06762 

Unadilla-Reyco Div., 6743 Kinne Street, East Syracuse, New York 
13057 

Western Radio, Box 400, Kearney, Nebraska 68847 

Wilson Electronics, 4288 S. Polaris Avenue, Las Vegas, Nevada 
891 19 

fig. 1. Typical 80-10 meter multiple trap antenna using four 
pairs of traps. Section A-A forms the 10-meter antenna; the 
traps at  the end of this section consist of resonant induc- 
torlcapacitor circuits which isolate the rest of the antenna 
when operating on 10. Sections B-B, C-C, and D-D work 
similarly on 15-20, and 40 meters. The ful l  antenna resonates 
on the 80-meter band, but  is slightly shorter than a full-size 
dipole due t o  the loading effect of the coils. Antennas can 
also be constructed using fewer traps, as explained in  the 
text. The antenna should be installed at  least 10 meters (30 
feet) above ground; plastic clothesline or rope can be used 
as halyards. The trap antenna can be fed w i th  either coaxial 
cable or w i th  72-ohm twinlead, which should be run from 
the antenna at  right angles as far as possible; slight tension 
on the feedline wi l l  minimize swing. 

for each band (except the lowest). For example, to 
cover 80, 40, and 20 meters, you would need two 
pairs of traps - one for 40 and another for 20. A pair 
is not required for 80, since the antenna itself reso- 
nates on that band. For five-band coverage from 80 
through 10 meters, you would use four pairs of traps. 
In this scheme, the antenna is resonated by the 
single-band traps as a "true" half-wavelength dipole 
on each band, rather than as some multiple of a half- 
wavelength as in the simpler arrangement. Any com- 
bination of traps can be selected to make a "custom" 
multiple-band trap antenna, such as one covering 

results. In the single-trap version, you can adjust the 
antenna length for the two lowest bands, but exact 
resonance on the higher bands (such as 20, 15, and 
10) may not fall where you want it to fall and a high 
SWR may result. On the other hand, single trap 
antennas are lightweight; if matching becomes awk- 
ward, the feedline length can be adjusted to allow 
the antenna to take power, or an antenna coupler to 
be used. The multiple trap kind has the advantage 
that it can be adjusted for a low SWR on each band, 
but interaction between the traps can make adjust- 
ment tricky. Also, the many traps involved can intro- 
duce some system loss, and the antenna is heavy. In 
either case, trap antennas are not broad-band anten- 
nas, and they will show an increasing SWR as they 
are operated farther away from the center frequen- 
cies. Usable bandwidth is typically several hundred 
kHz, depending on the band, the design of the traps, 
and the physical antenna length involved. Although 
the ARRL Radio Amateur's Handbook and Antenna 
Book, as well as numerous Amateur magazine arti- 
cles, describe trap construction, in some respects it's 
a good idea to purchase commercial traps, because 
the required low-loss construction and weather- 
proofing can be tricky. 

Antenna installation is more critical with trap 
antennas than single-banders, especially since trap 
resonances are set assuming a high and clear anten- 
na and they can easily be upset if these conditions 
aren't met. It's worthwhile to mount the trap dipole 
as high as possible, at least 10 meters (30 feet). If 
possible, the antenna should be a wavelength or 
more away from buildings and other obstructions, 
especially metallic towers and utility lines. It should 
also be well clear of tree limbs. Plastic clothesline 
(the kind without a metallic core) or rope can be used 
to support the antenna ends; the transmission line 
should be run away from the antenna at right angles 
for as far as practical and can be stapled directly to 
the house siding or run through TV-type standoff 
insulators in the shack. Do not try to use a trap dipole 
in a very limited space by bending down the ends at 
right angles; this will usually upset trap operation and 
detune the antenna, as well as unpredictably distort- 
ing the radiation pattern. 

If space is a problem, however, you can run the 
flat-top in a horizontal-V or inverted-V shape with 
good results; many Amateurs actually prefer the V, 
believing that there is some apparent gain on the 
higher bands, directivity is enhanced, and the angle 
of radiation (for DX) is lowered. Inverted-\/ configu- 
rations have the advantage that the antenna requires 
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only one high center mast, as the ends are sloped 
downward and can be suspended from convenient 
lower supports. There is no hard and fast rule about 
the angle of the V, but 90-120 degrees is normally 
used; it should not be less than about 75 degrees. 
Such arrangements are perhaps the best way to get 
on the air on several bands from a small city lot, yet 
allow for some directivity and gain which can be 
helpful in competing on the higher bands. Fig. 2 
shows some popular V configurations. 

What about antenna placement and directivity? 
Generally speaking, since the trap dipole is, essential- 
ly, a dipole, the signal pattern will be bi-directional 
and roughly doughnut shaped, with maximum signal 
perpendicular to the wire direction (90 degrees). 
Maximum radiation angle will be about 30 degrees 
from the horizontal. These figures assume an anten- 
na height of about a half-wavelength, although fairly 
similar patterns will result if the antenna is at least an 
eighth to a quarter wavelength high. As a practical 
matter, directivity will not be pronounced on 80 
meters and will be only slightly noticeable on 40. On 
the higher bands (20, 15, and 101, however, the 
antenna becomes much more directional, and opti- 
mum radiation departs from the doughnut-shaped 
pattern to become more of a cloverleaf, with maxi- 
mum radiation lying about 30 degrees off the ends. 
This is especially true of single trap dipoles where the 
antenna operates at some multiple of a half-wave- 
length. 

Thus, if you were to run your antenna east and 
west, maximum signal would be radiated southwest, 
northwest, northeast, and southeast. If possible, 
orient the antenna so that the four main lobes of the 

FEEDLINE 

TRANSMITTER 

fig. 2. Diagram at (A) shows a V trap dipole, which can allow 
relatively long antennas to f i t  on small city and suburban 
lots. Three supports are required; the antenna is more direc- 
tional than a straight dipole and may exhibit a few dB gain. 
particularly on the higher frequency bands. Diagram (B) 
shows an inverted-V trap dipole, which can be hung from a 
high center mast and the ends run to lower supports to form 
an approximate 90-degree angle at the apex. This arrange- 
ment is a favorite with DXers for improved low-angle radia- 
tioncharacteristic. Thetwoconfigurations may be combined 
to form a so-called sloping-inverted V but the radiation pat- 
tern may become rather unpredictable. 

3 BAND TRAPANTENNA RADIATION CITTERN 
2 0 - 1 5 - 1 0  MTERZ 

I 5 BAN0 TRAP ANTENNA RADIATION PATTERN 

5 BAND TRAP ANTENNA RADIATION PATTERN 5 BAND TRAP ANTENNA RADIATION PATTERN 

fig. 3. Typical trap dipole radiation patterns. The familiar 
doughnut-shaped patterns tend to  become cloverleaf- 
shaped on the higher bands. where directivity is much more 
pronounced. The radiation pattern will vary from the pat- 
terns shown for V and inverted-V configurations. Vertical 
radiation patterns depend largely on the antenna's height 
above the ground or the structure on which the antenna is 
mounted. For best results, the antenna should be installed 
at a height of about 10 meters (30 feet) or more. 

cloverleaf lie in the most favorable directions from 
your particular location for working DX on these 
bands. If you use the V or inverted-V configuration, 
the antenna becomes more sharply directional, with 
some gain apparent on the higher frequencies. Some 
typical radiation patterns are shown in fig. 3. 

A logical extension of the trap antenna is the multi- 
band rotatable beam, usually in the form of a triband- 
er covering 20, 15, and 10 meters. The tribander uses 
the same trap principles in resonating the director 
and reflector elements of the beam to give the anten- 
na its directionality, front-to-back ratio, and gain 
figure. Few commercial trap beam antennas are 
available for 80 and 40 meter operation due to their 
unwieldy size, but for the high-frequency DXer, the 
three-band trap beam is probably a "best bet" if sep- 
arate, full-size beams can't be installed. 

trap verticals 
The trap vertical's operation is very similar to that 

of the trap dipole; it works on the same principle. 
As I've indicated, the quarter-wave vertical is a sin- 

gle-band antenna. But, like the dipole, it can be put 
to use on odd harmonics of its resonant frequency, 
so you can use the same antenna on, say 40 and 15 
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1 40- METER TRAP 

i 15 - METER TRAP 

L RADIALS 

fig. 4. Typical trap vertical antenna configuration. The 
example shown operates on four bands, 80 through 15 
meters, and uses three traps; many other variations are pos- 
sible. Each trap isolates the higher sections as required to 
simulate a resonant quarter-wavelength at the operating 
frequency. A good radial ground system or groundplane is 
essential for good efficiency in the vertical antenna. 

meters because of this special relationship. Besides 
the fact that the vertical is essentially a one-band 
antenna, its length for the lower bands, such as 160 
and 80 meters, is much too long for most tastes. 
Many hams feel comfortable working with a length 
up to about 15 meters (50 feet), but not the 19.5 
meters (65 feet) of an 80-meter vertical or the 39 
meters (130 feet) of a full-sized 160-meter "skypole." 
As in the case of the dipole, the addition of the traps 
has a shortening effect on the antenna, so that the 
typical 40-10 meter trap vertical is somewt.lat shorter 
than 10 meters (33 feet). Verticals that are to be used 
on 80 or 160 also are longer for good efficiency on 
these bands, but shorter sticks can be used by instal- 
ling add-on base loading coils at the expense of radi- 
ation efficiency. One trap per band (for all bands 
except the lowest) is usually installed to cause each 
section of the antenna to act as a quarter-wave verti- 
cal (although fewer traps may be used in certain 
designs). Thus, an 80 through 15 meter antenna is 
about 15 meters (50 feet) high and uses three traps in 
order to get four-band performance, as shown in fig. 
4; sometimes 160 meters is added by means of a base 
loading coil or "resonator." The ground radials effec- 
tively provide the "missing half" of the antenna. 

Like the standard single-band vertical, the trap 
radiates most of its power omnidirectionally at low 
angles above the horizon, and thus is a good choice 
for DX work. Unfortunately, many beginners have 

had poor results using trap verticals, but this is usual- 
ly the result of mounting the antenna too close to sig- 
nal-robbing obstructions, or not using a good ground 
system, or trying to work with a "too-compact," 
highly shbrtened vertical (especially on the lower 
bands, such as 80 and 1601. 

The trap vertical is a bit more sensitive to mounting 
position and grounding than single-band types; trap 
operation is easily upset by proximity effects. The 
antenna should be installed well clear of buildings, 
rain gutters, trees, and utility wires for good opera- 
tion and low SWR. A good ground is extremely 
important for efficient performance. This means 
using six to twelve radials buried at least 15 cm (6 
inches) in the ground, one or two ground rods at the 
base of the antenna, and possibly a direct connection 
to the house's cold-water piping. Without a good 
ground, much of the transmitter's power will be dis- 
sipated as heat, and the ground will not provide the 
proper mirror effect necessary for good results. If it is 
impossible to get a good ground connection, or if 
there are too many power-absorbing objects near the 
antenna when mounted at ground level, you can 
construct an artificial ground system, known as a 
groundplane, using at least four wires, or radials, 
connected together at the base of the antenna and 
running away from it like the spokes of a wheel. Usu- 
ally, four quarter-wavelength wires are used, but, in 
the case of the multiband trap vertical, these would 
only be a quarter-wavelength for one band. In this 
case, you could run several quarter-wavelength wires 
for the lowest band to be used, and add several 
shorter "random" lengths which would take care of 
the higher bands. Using an artificial groundplane 
with a trap vertical is necessary in some congested 
locations and when the antenna must be installed 
atop a high building. In any case, be sure to carefully 
follow the antenna manufacturer's suggestions for 
mounting and grounding whenever installing a trap 
vertical, since the ground system is an integral part of 
the antenna. 

You should also be aware that there is another 
type of multiband vertical that is technically related 
to the trap but is a good deal less expensive due to its 
much simpler mechanical construction. This is the 
base-loaded vertical, which uses a section of alumi- 
num tubing usually between 4.8 and 10 meters (16 
and 33 feet) in length; it has a tapped loading coil 
connected to it at the ground end. By making adjust- 
ments to the coil, the antenna can be resonated and 
matched closely on each band. However, since there 
are no traps, the antenna does not automatically 
switch bands, but requires that the operator change 
tap settings outdoors at the antenna when switching 
bands. (Remote switching arrangements are possible 
using relays controlled from the radio shack; these 
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can become quite complex, however, for five-band 
operation.) 

feeding, matching, tuning, 
and harmonics 

 he trap dipole can be fed with 50- to 75-ohm 
coaxial cable (using either RG-58/U or RG-59/U for 
moderate power levels - RG-8/U or RG-11/U if 
you're running a full kilowatt); the antenna impe- 
dance at resonance will usually fall in this range. The 
larger coax will also have the lowest loss, and, if you 
use a cable having a polyfoam center insulating 
material, it will have about 30 per cent greater power- 
handling capacity and a similar reduction in signal 
loss. If you must use a long feedline, use the larger- 
size cable with foam insulation. 

Since the dipole antenna is a balanced, or symmet- 
rical, type, if you are using coax feed you may want 
to use a 1 : 1 balun transformer as the center insulator; 
this is not absolutely necessary, but using a balun 
can help equalize rf flow and prevent antenna current 
from flowing down the outside of the coaxial cable, 
causing distortion of the radiation pattern and possi- 
bly TVI. Commercial baluns are small devices 
resembling center insulators; most of them also have 
a convenient hang-up hook for V configurations and 
a coaxial connector. 

You can also use 72-ohm twinline as the lead-in; it 
is less expensive than coax, and, since it is balanced, 
it does not require the use of a balun at the antenna 
- although you may still want to use one at the 
transmitter to mate with the coax output of most 
transmitters and transceivers. This type of line is fre- 
quently "lossier" than coax, however, and it should 
not be used on long runs, say over 45 meters (150 
feet), unless special low-loss, transmitting-type twin- 
line is used. 

The vertical trap antenna should be fed with 50- 
ohm coax, and, if the cable is to be buried, the heav- 
ier RG-8/U type is preferred. A balun is not used with 
the vertical since it is an "unbalanced" type of anten- 
na and works quite well when fed directly by coax. 

I should point out that any multiband antenna, trap 
types included, involves compromises to allow it to 
cover several bands. It is not possible to  get a perfect 
match on each and every band, or from band edge to 
band edge. Some advertising literature leads one to 
believe that the trap "match" is perfect over all 
bands, but this is not so. In most cases, it is neces- 
sary to adjust the traps, shorten or lengthen sections 
of the antenna flat-top, or even change transmission 
line length to get uniform transmitter loading on all 
bands. 

What is important is to get a reasonable match 
across all the bands that you want to use; if the feed- 

Representative trap multiband antenna coils. The coils elec- 
trically isolate portions of the antenna flat-top depending on 
their resonant frequency. Electrically similar but mechani- 
cally different coils can also be used in connection with ver- 
tical antennas for multiband operation (photo courtesy 
Unadilla/Reycol. 

line isn't too long, losses will not be excessive and 
the antenna will work well even on the higher bands 
with SWRs of 4:l or 5:1, although you may want to 
use an antenna tuner to facilitate loading. 

When using traps, you may find that one or more 
bands show a higher SWR than desired. Since most 
commercial traps are pre-tuned and sealed, this 
means that you must adjust antenna section lengths 
to "tweak" the SWR into shape. Reyco, in its prod- 
uct literature, gives a simple procedure for adjusting 
the traps in a dipole: After constructing the antenna 
according to  the recommended dimensions, each 
band is checked for SWR (starting with highest band) 
and the point of lowest SWR is noted. If the resonant 
frequency is too high, the center sections are 
increased slightly in length until the SWR is lowest at 
the desired operating frequency; if too low, the 
lengths are decreased. The same procedure is fol- 
lowed on each band, working from the high to low, 
adjusting the wire sections between traps. Using the 
one-pair type system, you can use this procedure for 
the two lowest bands, but adjusting the lengths for 
best operation on, say 80 and 40 meters may "throw 
out" the SWR on one of the higher bands. These 
effects can't be overcome, but they can be mini- 
mized by cutting the feedline to  certain lengths. 
Doing this will not affect the true SWR, but can help 
the transmitter to "see" a good match. You should 
find that starting with coax lengths of about 13.5, 
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25.5, 33, and 40.5 meters (45, 85, 110, and 135 feet), 
or twinlead lengths of 22.5, 30, 33, and 39 meters 
(75, 100, 110, or 130 feet) should reduce loading 
problems on the higher bands; the feedline can be 
lengthened or shortened as necessary to get a good 
compromise match on all bands. It may not be possi- 

SEALED 
PLASTIC 

MOISTURE 

MOLDED COIL FO 

CUT AWAY OF TRAP 
CONSTRUCTION 

fig. 5. Representative exterior sealed trap construction is 
shown at (A).  In  this case, the trap itself is encapsulated in 
high-impact plastic which offers protection against the ele- 
ments. The antenna wires are attached to the trap by means 
of two  metal U-clamps. An  interior view of the same trap is 
shown at (B). Traps designed for multiband beams and ver- 
ticals are electrically similar, but are usually encased in or 
wound over fiberglass forms for added strength. For lowest 
loss, there should be no metal inside the rf field of the trap 
coil. 

ble to get a perfect match on all bands, however, and 
trying to get the match down from, say, 2: 1 to 1 : 1 on 
each and every band can be extremely frustrating 
and is probably just not worth the effort in terms of 
improved ability to get out. 

Trap verticals are tuned in similar fashion, but 
instead involve either sliding the aluminum element 
lengths, tuning the traps themselves, or adjusting a 
special top-hat section. In most cases, you can get 
good results using nothing more than your SWR 
bridge in adjusting commercial trap antennas, but if 
you build your own traps (whether for dipole or verti- 
cal use) you will have to first adjust them for reso- 
nance using a grid-dip oscillator or rf noise bridge, 
then seal them against weather before installation. 
Fig. 5 shows typical trap construction. 

There is a potential problem in using multiband 
trap antennas that should be carefully considered, 
and that is the problem of harmonics. While a single- 
band antenna will reject even harmonics of the oper- 

ating frequency, that rejection just isn't there in the 
trap antenna, and, in fact, any harmonics present are 
efficiently radiated. This is an especially critical prob- 
lem when using a five-band antenna system, since 
harmonics of even 80-meter signals will be radiated 
nicely through at least ten meters; this problem has 
caused many unsuspecting Novices operating on 80 
and 40 to receive FCC citations for radiating out-of- 
band signals. While most pi network output circuits 
have good harmonic suppression, if they are loaded 
too heavily (such as when trying to get a high-SWR 
antenna to take power), their harmonic rejection can 
be destroyed and second-, third-, or higher-order 
harmonics are passed on to  the antenna and 
radiated. 
You can make a rough check on your own harmonics 
by having a friend listen to your signal on harmonical- 
ly related frequencies; if he is located a short distance 
from your home, your signal should be received very 
weakly, if at all, on harmonics. This is not an infallible 
test, however, and a more certain approach to har- 
monic suppression is to use an antenna coupler or 
tuner in the transmission line between your transmit- 
ter and the antenna. The tuner will add a great deal 
of selectivity to the antenna system, causing har- 
monics to be reduced to an acceptable level. In addi- 
tion, the tuner also helps the transmitter to "see" a 
near-perfect 50- to 75-ohm match and thereby load 
more consistently from band to band. This is a real 
plus when operating with a moderately high SWR on 
the transmission line, frequently the case when using 
multiband antennas. In addition if the coupler is in- 
stalled so as to be in the circuit on receive (automati- 
cally the case when using a transceiver), it will add a 
good deal of front-end receiving selectivity as well, 
helping to prevent i-f image signals and very strong 
local stations on other bands from coming through 
and cross-modulating the receiver's front end. 

Not to be overlooked is the increased potential for 
TVI (television interference) when using multiband 
antennas. Certain conditions may cause the antenna 
to radiate vhf harmonics of your high-frequency sig- 
nal, particularly on the lower TV channels (2 through 
6). The short, well-matched transmission line 
between the transmitter and antenna coupler or tun- 
er makes an ideal spot to install a lowpass filter, as 
shown in fig. 6; placing it there prevents any possible 
danger to the filter from high SWRs or upsetting its 
operation by SWR mismatches. The use of a good 
lowpass filter (which in itself can provide 60 dB or 
more harmonic attenuation) in connection with an 
antenna tuner should keep you out of trouble with 
both the FCC and your neighbors. 

summary 
Trap antennas, both horizontals and verticals, 

offer much to the ham who has space limitations and 
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cannot erect separate antennas for each band. Traps 
are capable of excellent performance if installed and 
adjusted properly, but one should keep in mind that 
certain trade-offs are involved in their design; this 
fact must be recognized when interpreting their per- 
formance. 

fig. 6. Suggested multiband trap antenna system feeding 
arrangement. Due to the inherent nature of trap and other 
multiband antennas, harmonics are easily radiated. For this 
reason. you should use a lowpass filter and antenna coupler 
to suppress these harmonics. The antenna relay shown is 
required only if a transmitter is used, that is. if you are not 
using a transceiver. If you use a separate receiver, by plac- 
ing the antenna relay as shown the antenna coupler is used 
to good advantage on receiving as well. While either 72-ohm 
twinlead or coax may be used to feed the trap antenna, coax 
is usually the best choice. In adjusting the antenna length. 
move the SWR bridge to the antenna side of the coupler; 
once the adjustments are made, place the bridge as shown 
for routine tuneup. 

Trap antennas can take the place of five or more 
individual antennas. Remember that your trap is 
doing a big job for you, so install and treat it right. 
If you do, you can expect excellent performance 
from it. 
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A # K.V.G. 
CRYSTAL FILTERS and DISCRIMINATORS 
9.0 MHz FILTERS 
XF9.A 2.5 kHz SSB TX $42.65 
XF9.B 2.4 kHz SSB RX/TX $57.90 
XF9.C 3.75 kHz AM $62.25 Export 
XF9.D 5.0 kHz AM 162.25 
XF9.E 12.0 kHz NRFM s62,25 Inqrriries 
XF9-M 0.5 kHz CW (4 pole) $43.55 
XF9NB 0.5 kHz CW (8 pole) $77.15 
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9.0 MHZ CRYSTALS (HCZ~/U) Shil~pinfi 
XF900 9000.0 kHz Carrier $5.00 
XF901 8998.5 kHz USB 15.00 $1 .SO 
XF902 9001.5 kHz LSB $5.00 
XF903 8919.0 kHz BFO $5.00 per filter 
F-05 Hc75/u Socket Chassis .50 
F.06 Hc25/u Socket P.C. Board .50 

VARACTOR TRIPLERS 
The low cost, easy way to oprrate on the 432 MHz and 1296 MHz bands. 
For OSCAR 7, mode 8, drlvr the MMv432 f.?rr>#ly varactor tripler with our 
2 mclrr transmottcr. The wadeband varactor triplerr cover the lull 2 ~ 1 4 3 2  
band wtthout relaning. 
NO power rl~pply tequind for varactor triplerr; efficiency approximately 50?Lb. 
Three n~odelr available at 432, two a1 1296. 

Model Max Drive 

MMv432 3 0  W $71.75 

MMv432M 50 W $91.95 

MMv432H 7 0  W $139.25 

MMv1296 20 W $102.45 . ~ -.. 
MMv1296H 35 W $133.25 

RECEIVE CONVERTERS 

MODELS FOR ALL BANDS 50 MHz 

THRU 1296 MHz. LOW NOISE OP. 

TIONS AT 432 MHz. 

STANDARD 1.r 1 0 M  I.F. OPTIONS 6M & 2M AVAILABLE 
POWER 1ZV D.C. Shipptng 12.50 
MMc l44  N. F. 2.8 d B  typ. $61.45 
MMc432 N. F. 3.8 d B  typ. $71.70 
MMc438/ATV Ch2 o r  Ch3 IF  $96.95 
M M ~ 1 2 ~ ) 6  N. F. 8.5 d B  typ. $91.95 
MMc1296/ATV $102.45 

ANTENNAS (FOB CONCORD. VIA UPS) 
144-148 MHz J-SLOTS 
8 OVER 8 HORIZONTAL POL. i 12.3 dBd  D8/2M $53.25 
8 BY 8 VERTICAL POL. DB/ZM.VERT. $62.50 
8 I 8  TWIST 8XY/2M $53.75 

. 420-450 M H z  
MULTIBEAMS 

For local. DX. OSCAR, 
and A N  use. 

48 EL. GAIN 115.7 dBd 70/MBM48 $56.30 
88 EL. GAIN 4 18.5 dBd 70/MBM88 $81.95 

UHF LOOP YAGlS 
26 LOOPS GAIN 1 -20  dB1 
1250.1340 MHz 1296.LY $59.95 
1 6 5 0 . 1 7 5 0 ~ M H z 1 6 9 1 . L Y  S62:95 

Send 30c (2 stamps) for full delails of KVG cryltal prducls and all 
your VHF & UHF cquipmenl requirements. 
Prr-Stlrtlor Filters Amplifiers 
Vararlor Triplers Cryaal Fillers 

SSB Transwrlers !=] 
FM Tranmrlrrs 

,-) Decade Prc-Scalers Frequency Filters VHF Conwrlers 
Antennas Orcnllator Crystals UHF Converters -1 
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International, Inc. 
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curing frequency drift 
in the Swan 350 

transceiver 

A frequency counter, 
some deliberation, 

and a handful of capacitors 
will help tame 

frequency drift in 
this popular rig 

I recently undertook the task of reducing the more 
than 1-kHz frequency drift in K6OWA's Swan 350C 
transceiver. Since then I've had several queries from 
others who own these reliable rigs. The availability of 
a frequency counter made this project easy to imple- 
ment. This article summarizes the techniques I used 
so that other Swan 350 owners can reduce frequency 
drift to a tolerable level. The final drift (or lack of it) 
achieved by this electronic surgery depends on your 
determination and patience. 

analysis 
Most VFOs drift to a lower frequency. However, 

K6OWA's Swan 350 had a positive frequency drift. 

Most drift occurs in the VFO coil, caused by changes 
in coil dimensions with temperature. Drift in the 
Swan 350 is likely aggravated by the seven tubes 
clustered around the VFO box. Lack of ventilation 
traps the heat inside, thus extending the time before 
drift levels off. On-off cycling over a period of years 
will gradually stretch the coil wire to the point where 
it will not return to normal - something like the 
"set" of a fishing pole. Compensation originally 

1 found adequate will no longer keep the drift within ' reason. 
It's interesting to compare specifications of maxi- 

mum frequency drift in present-day rigs. Several 
well-known units list 1 kHz, some less than 300 Hz, 
and a very few 100 Hz. My TS-520, rated at 2-kHz, 
came out with 75 Hz. Both the Alda 103 and the 
Swan 100MX are rated at less than 100 Hz. The 
ARRL's Amateur Radio Handbook (19761, on pages 
166 and 169, shows homebrew VFOs. One stabilizes 
in 1 % minutes at 15 Hz, while the other levels off in 
only 30 seconds with a 25-Hz drift. Truly amazing. 

mechanical considerations 
Since mechanical ruggedness is synonymous with 

low frequency drift, begin by tightening all nuts and 
bolts around and in the VFO compartment, including 
the five screws holding the band coils to the chassis. 
In some cases the VFO circuit board is underneath 
the chassis and not in the can. Then apply Lubriplate 
to the bandswitch bearings to reduce torsion on 

- 
By Harold Klimpel, WAGIPH, 12153 Orizaba, 
Downey, California 90242 
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these parts. Thoroughly clean all eight wafers with 
contact cleaner and remove lint and dirt from the var- 
iable cap plates with a pipe cleaner. 

compensation 
The next step, compensation, will be facilitated by 

the use of a 7- or &digit frequency counter. Absolute 
accuracy isn't imperative because the counter 
records approximate drift only. Begin with the chas- 
sis lying on its final-amplifier side, and connect a 
short piece of wire to pin 1 of the VFO amplifier, V1, 
(see your schematic). This will permit attachment of 
a counter probe with less chance of short circuits to 
"other leads. 

Set the bandswitch to 20M and the dial to 14,200 
kHz. When the set is turned on, the counter will read 
roughly 8700 kHz, as noted on page 14 of the Swan 
manual. During the first run, connect a voltmeter to 
read the - 10 volt bus from zener diode 1 N2974. If 
this voltage is steady during a 45-minute test the 
zener need not be replaced. (A faulty diode will cause 
shift, however.) Leave the cover on the VFO box to 
simulate normal conditions. Have a sheet of paper 
ready to log data each five minutes from the moment 
the set is turned on. At least 30 minutes should 
elapse - certainly long enough to see a leveling off 
or maximum drift. 

Turn off the Swan 350 and let it cool for the next 
run. Meanwhile make a graph of the first run as in 
fig. 2, curve A. KGOWA's Swan 350 was still increas- 
ing in frequency after 45 minutes (past 1200 Hz). If 
experience convinces you that drift occurs on only 
one band, refer to your schematic and fig. 1, noting 
capacitors 1711, 1713, 1718, 1720, and 1723. These 
negative temperature coefficient caps compensate 
each band, the idea being that each coil needs indi- 
vidual compensation, and C1709 in series with the 
variablecap takes care of things in general. Most likely 
this won't be the case - cap C1709 will be removed 
and replaced, thereby compensating all bands. 

You're now ready to make a substitution for 
C1709. Remove the VFO cover plate, probe, and volt- 
meter leads. Unsolder the rf and dc leads from 
beneath the chassis. (Two nuts and washers under 
the chassis and two nuts, washers, and two spacers 
hold the PC board to the chassis.) With the Swan 
350 lying on its side, remove the PC board. This will 
position the PC board horizontally and will make 
board removal and replacement easier because the 
hardware won't get lost in the equipment innards. 
The spacers especially have a nasty habit of getting 
lost if removed with the board in a vertical position. 
Unsolder C1709 at the variable cap (C1706) and care- 
fully pull the PC board from the compartment. 

fig. 1. Partial schematic of the Swan 350 transceiver show- 
ing the VFO section. Capacitor C1709 is the subject of the 
modifications in this article. 

compensating capacitors 
Capacitor C1709 is really an unknown and is sus- 

pect. Discard it since it's incapable of compensating 
for the inherent frequency drift. The Swan manual 
specifies C1709 as a 22-pF capacitor with an N220 
temperature coefficient, meaning 220 parts per mil- 
lion. (Capacitor C1709 in K6OWA's rig was an N750, 
obviously tailored to compensate that unit.) 

A second trial run must now be made. I chose a 
parallel combination of 10-pF/N150 and 12-pF/NPO. 

The Nvalue of this new combination is 

Put everything back, tighten the board securely, 
reconnect the counter, and begin anew with another 
run. 

Fig. 2, curve C, shows a negative drift (more than 
300 Hz). The next, and you hope final, attempt must 
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fig. 2. Test data showing frequency drift as a function of 
time for several test runs on the Swan 350 transceiver. 
Capacitor C1709 must be tailored for individual cases. 
Naturally, any long-term drift will approach zero. (A): Fre- 
quency drift of the as-built Swan 350 transceiver extrapolat- 
ed to 1500 Hz after a warm-up period of one hour. C1709 was 
a 22-pF/N150 compensating capacitor. (B): The third test 
run, using an N120 capacitor for C1709. The measured fre- 
quency drift is 105 Hz after 35 minutes from a cold start. (C): 
A trial run using substitute N68 capacitor for C1709. The 
measured frequency drift is 335 Hz after 30 minutes from a 
cold start. 

have C1709 with an N between 68 and 150. 1 tried a 
12-pF/N220 and a 10-pF/NPO resulting in N120. 

Out comes the oscillator board; again watch out 
you don't lose hardware. Replace the VFO top cover 
and connect the counter after soldering the N120 
combination in place. The set will have cooled off 
sufficiently during this process for the next run to be 
from a cold start. Somewhere in this operation you'll 
take out time for lunch, so let the Swan 350 cool off 
- too much time and effort will have been expended 
to take chances on a set that hasn't reached room 
temperature. 

The last run will perhaps be what you'll settle for in 
performance. Ralph, KGOWA, and I were quite 
elated when we finished the third run and plotted 
curve B (fig. 21, ending up with frequency drift close 
to 100 Hz. Any set that stabilizes in 30 minutes or so 
with that amount of drift is a pleasure to operate. 
This Swan 350 certainly takes no back seat to many 
new sets off the assembly line. Perhaps at some con- 
venient time, another trial could be made using a 12- 
pFINPO and 10-pFIN220 combination: 

10 
- - ~ 2 2 0  = NlOO Ne, - 22 (2) 

Mathematically, any VFO can be compensated to 
achieve no drift. This particular Swan 350 might need 
an N105 or perhaps an N95; this must be determined 
experimentally. Generally you must weigh the advan- 

tages gained with close-to-zero drift and the effort 
expended. 

When you've made mods to satisfy your stan- 
dards, you must refer to the Swan manual, page 14. 
With the counter reading the VFO frequency, adjust 
the trimmers for each band to correspond with the 
dial-frequency/oscillator-frequency table. Follow 
manual instructions. 

obtaining parts 
If you live near an electronics emporium procure- 

ment of capacitors to conduct the tests will be sim- 
ple; if you're on a Pacific atoll, you must provide 
yourself with enough NEG caps to experiment with. 
In our case, it seemed logical to use half of the 22-pF 
total value in an NPO (thus the 10- or 12-pF values), 
while the other half can be used with negative N 
values to suit. One of each of N220, N150, and Nl10 
would be a starter and would probably bring the fre- 
quency drift within reason. This evaluation must be 
made on the second trial with a new cap value. 

The direction of drift would dictate whether higher 
or lower N values will work. Two or three attempts 
should give a good idea of the necessary value. If a 
supplier has a poor selection, combinations other 
than 10 pF and 12 pF could be tried. Eight pF and 14 
pF could be combined in a ratio that might do the 
job. 

closing remarks 
The technique outlined applies to any VFO, tube or 

transistor, in which an increase in temperature 
causes a frequency change. Getting rid of the heat in 
a Swan 350 is impossible; the set is already quite well 
ventilated, so an extra muffin-pan blower won't suf- 
fice! Thermal insulation of the outside VFO walls 
from the heat of adjacent tubes might help. How- 
ever, I feel that the lack of circulation in the VFO itself 
is the cause of excessive frequency drift. A perfor- 
ated chassis and sidewalls would allow heat to 
escape, whereas the Swan 350s, as designed, trap 
heat inside the box. 

Further suggestions on drift problems are covered 
in many articles in the Amateur Radio literature: The 
ARRL handbooks and the new Solid State Basics 
from ARRL also elaborate on design of VFOs to mini- 
mize frequency drift. 
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so credit must be given to Reed Craven, WBGBFK, 
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close look at 
amateur fm 

' Should the FCC regulations 
that combine 

F3 and A3 emissions 
be changed? 

Here's one 
Amateur's viewpoint 

Casual observers of Amateur Radio practice 
have found that operators seldom use more than 
three types of emission and frequency bands, even 
though Amateurs are allowed as many as thirteen 
emission types on seven bands, twelve types on six 
bands, eleven types on two bands, six types on four 
bands, five types on one band, and two types on one 
band (160 meters). Most Amateurs use two types of 
emission: CW (type A l )  and a-m or SSB phone (type 
A3), on several of the bands listed and largely ignore 
frequency and phase modulation (type F3). Mobile 
operators, however, make good use of fm on the vhf 
and uhf Amateur bands. Fixed-station operators 
have little use for fm on the high-frequency (3-30 
MHz) bands, even though A3 and F3 emissions are 
listed together on virtually all subbands except 160 
meters. 

amateur fm 
The disuse of fm on the 15, 20-, 40-, and 80-meter 

bands is because of deterrents such as lack of suit- 
able transmitters and receivers and the FCC's band- 
width limitation. Paragraph 97.65c, under the head- 
ing of Emission Limitations, reads: "On frequencies 
below 29.0 MHz and between 50.1 and 52.5 MHz, 
the bandwidth of an F3 emission (frequency or phase 
modulation) shall not exceed that of an A3 emission 

having the same audio characteristics; and the purity 
and stability of emissions shall comply with the re- 
quirements of 97.731." This paragraph deserves spe- 
cial attention. 

Amplitude modulation contains only one pair of 
sidebands. The audio-frequency limit for voice com- 
munications is nominally 3 kHz; therefore, the a-m 
bandwidth can't exceed 6 kHz. However, fm con- 
tains one or more pairs of sidebands, equally spaced 
from the carrier frequency or adjacent sidebands. 
Therefore the fm bandwidth can't be less than, and 
may greatly exceed, the a-m bandwidth. 

We note that FCC specifies fm bandwidth, not fre- 
quency deviation, which is not proportional, al- 
though some Amateur publications1 give a simple 
rule of thumb that fm bandwidth equals twice the 
maximum frequency deviation plus the maximum 
audio frequency. One book1 states that this rule of 
thumb doesn't hold for narrowband fm, and defines 
sliver-band, narrowband, and wideband deviations 
as 2.5, 5, and 15 kHz, for which bandwidths are 6, 
13, and 33 kHz approximately. The'last two of these 
bandwidths are far below accurate values of 16, 22, 
and 48 kHz, respectively, which further analysis has 
proved. 

bandwidth 
Bandwidth is a complex function of deviation and 

audio frequency, not of deviation alone. It depends 
on a factor known as modulation index or deviation 
ratio - the ratio of maximum deviation to maximum 
audio frequency, which is a pure number. There's no 
simple relationship, such as a direct proportion be- 
tween bandwidth and deviation, although bandwidth 
generally increases with deviation in a nonlinear man- 
ner for a fixed audio frequency. An increase in audio 
amplitude at any audio frequency increases the devi- 
ation, the number of sideband pairs, and the band- 
width. Also, an increase in audio frequency at any 
given deviation increases the spacing between the 

- 
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sidebands, which increases the bandwidth. The 
overall effect of changes in audio amplitude and fre- 
quency on bandwidth is often hard to evaluate, as, 
for example, the case of complex speech waves 
where the amplitude of the various frequency com- 
ponents varies somewhat inversely with the fre- 
quency.;! 

deviation 
The fact that bandwidth is not a function of devia- 

tion alone is shown by the following example. As- 
sume two cases with the same deviation of 10 kHz 
but different audio frequencies of 5 and 10 kHz re- 
spectively. In the first case, four pairs of significant . sidebands (at least 1 per cent of carrier amplitude) 
are 5 kHz apart, so the bandwidth is 4 x 2 x 5 kHz, 
or 40 kHz. In the second case, only three pairs of sig- 
nificant sidebands occur but are twice as far apart, so 
the bandwidth is greater (3 x 2 x 10 kHz). Since 
60/40 = 1.5,  it appears that bandwidth is not in 
direct proportion to audio frequency for a fixed devi- 
ation.3 

In fm broadcasting, the maximum permissible de- 
viation is 75 kHz and the maximum audio frequency 
(for high-fidelity music) is 15 kHz, so the modulation 
index might approach 5 (75115) if both values occur 
simultaneously. Similarly, in Amateur wideband fm, 
the deviation may be 15 kHz and the audio frequency 
may be limited to 3 kHz (for speech only); so the 
same modulation index would occur. A ratio of five 
signifies eight sideband pairs; hence bandwidths of 
240 (8 x 2 x 15) and 48 kHz respectively are indi- 
cated. These values are extremes, which are not real- 
ized in practice because complex music and speech 
waves have smaller amplitudes at the higher frequen- 
cies. So less deviation and fewer sideband pairs 
occur than the indicated values. 

narrow-bandwidth case 
If we consider a narrow bandwidth of 6 kHz with a 

3-kHz audio-frequency limit, as in Amateur a-m, 
there can be only one pair of significant fm side- 
bands. This corresponds to a modulation index of no 
more than 0.4 and a deviation of no more than 1.2 
kHz (1.2/3.0 = 0.4). Under these conditions, the fm 
carrier retains 96 per cent of its unmodulated ampli- 
tude, and the sidebands have only 4 per cent of the 
amplitude they would have at a modulation index of 
2.4 (or 5.5) - the ideal condition wherein all carrier 
Dower is converted to sideband power. 

Even the latter imaginary case wouldn't offer much 
of an advantage over the former real case, because 
power is proportional to the square of the amplitude 
(voltage or current), hence the sideband power is 
only 5.5 per cent (100 x 0.2352) of the ideal power. 

From this discussion it follows that Amateurs c ~ n ' t  
make much use of narrowband frn wherein the band- 
width may not exceed 6 kHz. Accordingly, the FCC 
listing of type F3 along with type A3 emissions on 
bands below 29.0 MHz is misleading and serves no 
useful purpose, so it should be dropped. On the 
other hand, if a deviation of 5 kHz or 22 kHz band- 
width were permitted on certain Amateur bands, as 
on certain commercial frequencies, fm operation 
would be quite feasible, because the carrier ampli- 
tude would be only 41 per cent, and the total side- 
band amplitude would be 59 per cent. 

table 1. Amateur fm characteristics. 

Notes: 

f = 3 kHz, fixed P = pairs of sidebands 
of 1% minimum 

M = modulation index amplitude (refer- 
= AF/f = AF/3, ence 2) 
so AF = 3M AF = deviation ( +  ) = 

%F = carrier amplitude in fM = 3M 
per cent from ref- BW = bandwidth - 2fP 
erence 2 = 6P 

(BW ranges from 1.4 to 2.0 times rule-of-thumb bandwidth, 2 AF 
+ 3 and 1.5 to 4.0 times 2 AF.) 

These points may be emphasized by reference to 
table 1, which may be converted to a series of 
curves if desired. 

references 
1. The Radio Amateur's License Manual, ARRL. Newington, Connecticut, 

If the FCC had specified a 3-kHz deviation limit in- 1977, pages 66-67 and 92. 
2. August Hund, Frequency Modulation, McGraw-Hill, New York, 1942, 

stead of an a-m bandwidth limit, a better condition ~ a a e s  22 and 23. . -  - 

would prevail. A modulation index of unity (313) 3. Ed Noll, W3FQJ. First-Class Radiotelephone License Handbook. Sams 

would yield three pairs of sidebands, 18 kHz band- and Bobbs-Merrill, New York, 1970. pages 139 and 140. 
4. FM and Repeaters for the Radio Amateur, ARRL, Newington, Connecti- 

width (3 x 2 x 3 kHz), 76.5 per cent carrier ampli- cut. 1972. oaaes 50 and 169. ~ - . 
tude, and 23.5 per cent sideband amplitude.4 ham radio 
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Adjustable to Any Desired Speed 
Now available from Palomar Engineers - the new 
Electronic IC KEYER. Highly prized by professional 
operators because i t  is EASIER, QUICKER, and 
MORE ACCURATE. 

It transmits with amazing ease CLEAR, CLEAN-CUT 
signals at any desired speed. Saves the arm. Prevents 
cramp, and enables anyone to send with the skill of an 
expert. 

SPECIAL  RADIO MODEL 
Equipped with large specially constructed contact points. 
Keys any amateur transmitter with ease. Sends Manual, 
Semi-Automatic, Full Automatic, Dot Memory, Dash 
Memory, Squeeze, and iambic - MORE FEATURES 
than any other keyer. Has built-in sidetone, speaker, 
speed and volume controls, BATTERY OPERATED, 
heavy shielded die-cast metal case. Fully ADJUSTABLE 
CONTACT SPACING AND PADDLE TENSION. The 
perfect paddle touch will AMAZE you. 

Every amateur and licensed operator should know how to 
send with the IC KEYER. EASY TO LEARN. Sent 
anywhere on receipt of price. Free brochure sent on 
request. EZ 

- -. 
Send check or money order. IC KEYER $97.50 in U.S. and 
Canada. Add $3.00 shipping! handling. Add sales tax in 
California. 

Fully guaranteed by the world's oldest manufacturer of 
electronic keys. ORDER YOURS NOW! 

c-------- 
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/ BUILD-IT-YOURSELF ', 

I AVIONICS FOR 
HAM PILOTS I 

I Free cstalogue describes high tech- I 
nology, low cost avionics and test I 
equipment offered in kit form. Product 

I line includes audio panel. aircraft band I 
two-channel transceiver, digital chro- I nometer, navigation and communi- 1 
cations test equ~pment, bench power I 
supply, and more. Shoot us the coupon I for details. I 
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/ 
I 

I 0. Stale- ~-----/ ZIP ', 2!:~?%3 / 'Radio Systems 
I Techno logy ,  Inc. 

The greatest buy in 1978 is now an 
even better buy in 1979' Jam-packed 
with theory. construction projects 
and information - everybody should 
have a copy of this super Handbook. 
Small size fits perfectly on your book- 
shelf. Also contains tube and semi- 
conductor information deleted from 
the 1979 edition. This still current 
Handbook can be vours at the incred- 
ibly low price of $2195 each. 

AR-H.78 Now f 2.95 
Send chedr. maney ader VISA a Master Charge 

Ham Radio 's  Bookstore 
[,reen* 1,t. l i t  r, Har' r ,  hlri. 1,. 
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'Ilemperature controlled design for "key-down" operation over a wide frequency 
range. Newly engineered for coverage of any new or expanded hf amateur 
bands within FCC amplifier rules. Also features wide frequency coverage for 
MARS. and other services authorized for this type of amplifier. 

2 kW PEP 1 kW cw. R I T  SSrV operation - all modes. full Temperature controlled two speed fan is a high volume low 
rated input, continuous duty cycle. noise type and offers optimum cooling. 
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equivalent ceramic types. lbbes are included. 

Amplifler is comprised of two units - rf deck for desk top 
Accurate built-in rf wattmeter. with forwardlreverse and separate power supply. 
readings. is switch selected. Calibrated 30013000 watt 
scales. Operates from 1201240 V ac. SO160 Hz primary line voltage. 
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high-current 
regulated 
dc power supply 

A high-current, 
regulated power supply 

incorporating rf protection, 
current limiting, and 

over-voltage protection 

The present popularity of the two-meter fm band 
has attracted many Amateurs to that portion of the 
spectrum. Many hams use two-meter rigs in double- 
duty service, both in mobile and fixed-station appli- 
cations. In either case, 12 Vdc is required for input 
power. For mobile use, the automotive electrical sys- 
tem provides input power; however, in fixed station 
use the rig requires a power supply which converts 
ac power to nominal 12 Vdc with current capacities 
ranging from about 3 to 10 amperes. Such a power 
supply should contain the following features: 

1. Voltage Regulation - For steady-state regulation, 
the output voltage should remain within 1 per cent of 
the desired value over the full range of output current 
capability. Instantaneous load changes, or dynamic 
regulation, commonly encountered when keying or 
unkeying the transmitter, should not produce exces- 
sive voltage overshoot or undershoot. Additionally, 
the settling time required for return to steady-state 
regulation conditions should be minimal, on the 
order of milliseconds. 

2. Current Limiting - The power supply should be 
protected against excessive output current. The cur- 

rent should be automatically limited to a preselected 
safe value. 

3. High-voltage shutdown - In case of a power sup- 
ply fault, which would apply unregulated dc to the 
rig, a protection circuit is required to disable the 
power supply output within milliseconds after fault 
condition detection. The radio being powered is thus 
protected against excessively high voltages which 
could permanently damage semiconductors or other 
components. 

I 4. Rf protection - The voltage regulation and other 
control circuits should be rf bypassed to eliminate the 
possibility of voltage instability or other adverse ef- 
fects caused by strong rf fields. 

The power supply described in this article incor- 
porates the outlined features. By using the specified 
components you can construct a power supply 
which is totally adequate for 30- or 40-watt trans- 
mitters. 

circuit description 
This power supply uses a standard series-pass cir- 

cuit controlled by a 723 monolithic IC regulator. The 
high-voltage shutdown circuit is controlled by a 
lrA741 operational amplifier. All regulation and con- 
trol circuits are contained on one circuit card, com- 
patible with a 15-contact edge connector. 

The power circuit consists of a transformer, bridge 
rectifier, pi-section filter, and series-pass transistors. 
This is a standard circuit commonly used in many 
regulated power supplies. 

Operator controls consist of an ONIOFF toggle 
switch, a pushbutton switch to reset the high-volt- 
age shutdown circuit, and appropriate indicators. 

- 
By Glen Thome, N8AKS, 917 Delaware 
Avenue, Elyria, Ohio 44035 
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fig. 1. Schematic diagram of the chassis-mounted components. CR1 is a 15-amp, 50-PRV bridge rectifier; CR2 a 1.5-amp, 200- 
PRV diode (1N4818); and CR3 a 1.5-amp, 600-PRV silicon diode (1N4822). K1, a 4pdt. 24-VDC relay, is available from Potter and 
Brumfield as type KHP17D11 or Allied Control type T163X-147. The choke, L1, is a Stancor C-2688 w i th  a 10-mH, 12.5-amp rating. 
The rf  choke, L2, is wound wi th fifteen turns of number 14 AWG (1.6-mm) stranded insulated wire on a Genelex G49Sl191 toroid. 
The power transformer, manufactured by Triad (F-79U). supplies 24 Vac at 10 amps. The bridge rectifier, CRI, and the pass tran- 
sistors, Ql through Q3, are mounted on finned heatsinks on the rear of the enclosure. For CRI, use Termalloy part 6169, and for 
the pass transistors part 6423. 

The panel-mounted meters allow the operator to 
monitor output voltage and current. Voltage and 
shutdown level adjustment potentiometers on the 
circuit card are accessible through the front panel. 

Power Circuit. The power circuit handles ac input, 
rectification, filtering, and dc-output functions (see 
fig. 1). The ac-input circuit contains ONIOFF switch 
S1, input fuse, and power transformer T I  as major 
functional components. The indicator assembly, 
connected across the primary of TI ,  illuminates 
when input power is applied. CIA and CIB provide 
noise and rf suppression at the primary of T I .  The 
relay contacts of K1 are normally closed to allow cur- 
rent flow through the primary of T I .  If the high volt- 
age shutdown circuit activates at any time, the con- 
tacts of K1 open to interrupt power to TI, thereby 
protecting the dc load from high output voltage. 

CR1 rectifies the low-voltage ac supplied by the 
secondary winding of TI. The resultant pulsating dc 
is filtered by C2, C3, and L1. The filtered, unregu- 
lated dc supplies power to components on the circuit 
card and is applied to the collectors of series-pass 
transistors Q1-03. 

The series-pass transistors perform the regulation 
function in the power circuit, under control of the 
regulator circuit. Under changing line and load condi- 
tions, the drive signal applied to the base-emitter cir- 
cuit of transistors Q1-Q3 varies automatically. The 
changing drive signal serves to increase or decrease 
the collector-emitter voltage on 01-03 as output 
voltage, output load, and ac input voltage levels dic- 
tate. The result of automatically varying the collec- 
tor-emitter voltage on Q1-Q3 is to hold the emitter 
output voltage at a nearly constant level. This emitter 
output voltage is used as the regulated dc output. 
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The dc output circuits comprise metering, fusing, 
and suppression functions. A dc ammeter and volt- 
meter provide output current and voltage level moni- 
toring capability. L2, wound on a toroid core, serves 
as an rf choke to decouple the power supply from 
any stray rf which may appear on the dc leads. C5A 
and C5B provide further rf suppression at the power 
supply output terminals. CR3 and C4 suppress volt- 
age spikes generated by instantaneous load changes 
that could falsely trigger the high-voltage shutdown 
circuit. 

Control Circuits. The control circuits, located on 
the circuit card (see fig. 21, comprise voltage regula- 
tion, current limiting, and high-voltage shutdown cir- 
cuits. Various functions of the control circuits are de- 
sc~ibed as follows. 

Voltage regulation and current limiting functions 
are performed by U1, a monolithic IC voltage regula- 
tor. A voltage divider, R2, R3, and R4, is essentially 
connected across the power supply output. The set- 
ting of R3 primarily determines supply output volt- 
age. R5 and R6 provide temperature compensation 
for U1, with C2 and C4 providing rf bypassing. Oper- 
ating power for U1 is derived from the unregulated 
dc through isolation diode CRI, while C3 provides in- 
put power filtering. The output of U1 is applied to 
driver transistor Q1 through the normally closed con- 
tacts of K1. 01  essentially increases the current-han- 
dling capability of U1. The output of 01, as derived 
from the emitter circuit, drives the series-pass tran- 
sistors in the power circuit. 

The current limiting point is determined by the 

value of R6. When a voltage drop of 0.6 volt appears 
across R6, U1 begins current-limiting action. 

The high-voltage shutdown circuit is composed of 
the comparator and relay-driver circuits. U2 is used 
as a comparator. The reference input of approxi- 
mately 7.3 volts is derived through R12, CR2, and 
CR3. CR2 provides a stable, regulated voltage for the 
reference input applied to the inverting input of U2. 
CR3, in series with CR2, provides temperature com- 
pensation for the comparator circuit. The output 
voltage of the power supply is sampled in a voltage 
divider composed of R9, R10, and R11. A portion of 
the sampled output voltage is applied to the nonin- 
verting input of U2 through the wiper contact of R10. 
During normal operation, the reference voltage at the 
inverting input of U2 is higher than the sampled volt- 
age at the noninverting input; therefore, the output 
of U2 is low and Q2 is biased into cutoff. In the event 
power supply output voltage rises to a sufficiently 
high level, the sampled voltage becomes higher than 
the reference voltage. The output of U2 changes to a 
high level, which biases Q2 into conduction. The re- 
sulting voltage developed across R17 triggers CR6 
through steering diode CR7. When CR6 is triggered 
into conduction, K1 in the power circuit and K1 on 
the circuit card are energized and the following 
actions occur: 

1. The output of U1 is disconnected from 01, and the 
base of 01  is grounded to drive it and the series-pass 
transistors into cutoff. 

2. Power is applied to an LED, giving visual indication 
of a high-voltage shutdown condition. 
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fig. 2. Schematic diagram of the voltage regulator and high-voltage shutdown circuits. CR2 is a 6.8-volt, 1-watt zener diode; CR3 
is a IN4003 (1 amp, 400 PRV); CR4 is another zener (15 volts, 1 watt); and CR6, the SCR, is rated at 4 amps, 200 PRV (C106B). The 
relay, K1, is the same type of relay used in the chassis-mounted components. The circuit card accepts a Potter and Brumfield 
relay socket, type9KH2, for a KHP17D11 relay. Except as marked, all resistors are 10 per cent tolerance, % watt. 



View of the author's power supply. The capped access holm, in the lower righthend corner of the front pond, allow ace- to 
the high voltage shutdown level and voltage adjustment controls mounted on the circuit board. 

3. The primary circuit of the power transformer is 
opened to  remove input power from the supply. 

The approximate time from detection of a high 
voltage condition to  supply shutdown is 3 milli- 
seconds. 

construction 

Parts placement and general layout of the power 
supply are not critical; however, standard construc- 
tion techniques and practices should be used when 
building the supply. Particular care should be taken 
in one area - lead lengths of rf bypass and decoup- 
ling components on the output terminals should be 
as short as possible. Additionally, meters should not 
be located near the power transformer or filter 
choke. 

The particular construction technique chosen is at 
the discretion of the builder, but the power supply 
should be totally enclosed and shielded when assem- 

bly is complete. The supply shown in the accom- 
panying photographs was built in a homemade cabi- 
net to reduce construction cost. 

Adequate ventilation must be provided for the 
power semiconductors, especially the series-pass 
transistors. The heatsinks specified in the parts list 
are adequate to handle device dissipation, but heat- 
sinks of smaller size are not recommended. The 
series-pass transistor heatsink should be mounted 
outside of the power supply cabinet, on the rear 
panel, to ensure adequate ventilation. A thin coating 
of silicone grease, or other suitable thermal joint 
compound, must be applied to the mounting sur- 
faces of all power semiconductors and insulating 
washers. 

A circuit card pattern for the control circuits is 
shown in fig. 3. Pads are provided to make the cir- 
cuit card compatible with a standard 15-contact edge 
connector; however, the circuit card can be perma- 
nently mounted and hardwired into the complete cir- 
cuit. 
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fig. 3. The circuit-board layout for the voltage regulator is shown above, with the parts placement diagram shown below. The 
edge pins will mate with a 15-contact circuit card connector. Amphenol 225-21531-101. 

initial startup and adjustment 6. Adjust R3 one turn clockwise, then press S2 to re- 
1. Before initial power supply startup, verify that all set the shutdown circuits. Output voltage should 
wiring is correct. If a tapped power transformer is now be present at the output terminals. 
used, ensure that the secondary voltage is no higher 
than 24 Vac. 

7. Slowly adjust R3 counterclockwise while noting 
the voltage at which the shutdown relays close. This 

2. On the regulator circuit card, adjust R3 and R10 voltage should be approximately 15 Vdc; if not, ad- 
fully clockwise. just R10 as necessary. The shutdown level can gen- 

erally be adjusted to any desired level within the 
3. Close S1 to start the power supply. Output voltage 
should be 10 Vdc or slightly less. 

range of 13-16 Vdc. Individual operating require- 
ments will determine the exact level. 

4. Adjust R3 on the regulator circuit card to 15 Vdc 
8. Repeat Steps if necessary to obtain the de- 

with no load at the output terminals. Turning the ad- 
iustment screw counterclockwise increases output 

sired high voltage shutdown level. 

voltage. 9. Adjust R3 one or two turns clockwise, then reset 
the shutdown circuits by pressing S2. 

5. Slowly turn the adjustment screw of potentiome- 
ter R10 counterclockwise until the high voltage shut- 10. Adjust R3 for the desired power supply output 
down relays close. The LED should illuminate at this voltage. Adjustment is now complete. 
time, and supply output voltage should drop to  zero. ham radio 
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For the ultimate in quality and performance s~*cificaion*hr ~ a r e ~  r- 
,.,.- .. r..,.. ..,,, ~ , , ,  ,.,::.-, :..-,;' 

All solid-state, this innovatwe 160-10 meter SSBlCWlFSK transceiver 
w~th DFC ("Digital Frequency Control) includes four memories which 
can be digitally tuned up or down in 20-Hz steps, slow or fast, by 
means of memory-shift paddle switches. The original stored frequency 
can be recalled, and the newly tuned memory frequency can also be 
stored. The memorles are usable in transmit, receive, and transceive 
modes. It's like having four remote VFO's, but with even more 
flexibility. Separate VFO and memory RIT controls are provided. 
The solid-state final requires no dipping or loadlng, and runs up to 
200 watts PEP input. It covers 50 kHz above and below each band 
(100 kHz with the tunable memories) and is adaptable for three new 
bands (to be considered at WARC). The built-in microprocessor- 
controlled digital display shows the actual VFO frequency, or the 
fixed-channel frequency. or the remote VFO frequency (if the optional 
VFO-180 1s used), and it also shows the RIT frequencies. When a 
frequency is stored in the "MI" memory, the digital display can be 
switched to indicate the stored frequency and the difference between 
the stored and VFO frequencies simultaneously. Other features 
include IF SHIFT, selectable CW receive bandwidths, tunable noise 
blanker. RF AGC, and improved RF speech processors. Optional 
accessories, besides the VFO-180 remote VFO, include the DF-180 
Digital Frequency Control; SP-180 external speaker; YK-88SSB SSB 
filter; YK-88CW CW filter; AT-180 antenna tuner1SWR and power 
meterlantenna sw~tch; PS-30 base statlon power supply (turns on 
and off remotely with TS-180s power switch); MC-50 base station 
microphone, and HS-4 head phones. 
TL-922Ft 
L~near amplif~er for 160-15 meters runs maximum legal power with 
80 watts or more drive. RF input power is 2000 watts PEP on SSB 
and 1000 watts DC on CW and RTTY. Features include variable 
threshold level ALC, turn-off delay circuit for blower, and hefty 
construction. See your Authorlzed Kenwood Dealer for complele 

Information. 
SFI-220 
Stat~on mon~tor comblnes a wideband (10 MHz) oscilloscope and 
bu~l t -~n two-tone generator to mon~tor all transm~tted and recelved -.L;c! 
waveforms It also shows a trapezo~d pattern for checklng Ilnear~ty. 'ky ,.,,,,, ,,,, ;,, fl,,,,,, ,,,die 
Pan-d~splay optlon allows observing number of s~gnals In +20 or TRIO-KENWOOD COMMUNICATIONS INC. 
f 100 kHz band Segments. 11 11  WEST WALNUT COMPTON CA 90220 



SPECIFICATlONS FOR THE TS-SEOSE 

"Cents-ability" in a 
quality HF Rig! 

Tho TS-520SE is an economical 
new version of the TS-520S...the 
world's most popular 160-10 meter 
Amateur tran#dver. Now anyone can 
easily afford a high quallty HF tmns- 
ceiver, providing 200 watts PEP input 
on SSB and 160 watts DC on CWI 

The TS-520SE Is a high-quallty 
160-10 meter SSBlCW transceiver In- 
tended for brn-shack use. The follow- 
ing changer were made to produce 
the new 'SEW model: 

Replaced the heater sw~tch 
w~ th  a CW WIDEINARROW 
bandw~dth swltch. for use 
w~ th  the optional CW-520 
500-Hz CW f~lter A blg 
~mprovement for the CW 
operator! 
Removed DC converter 
term~nals Now 11 operates 
strictly on 120 VAC and IS 
not Intended for mob~le use . Removed transverter 
term~nals Now 11 IS strlctly 
a 160-10 meter SSBlCW 
transceiver 

All other proven features and high 
quallty of the TS-520s have been re- 
tained In the TS-520SE. lncludlng: . Effectwe nolse blanker 

Three-pos~t~on (OFF, FAST, 
SLOW) ampl~fied-type AGC 
c~ rcu~ t  . RIT control 

Eight-pole crystal filter. 
Built-ln 25 kHz calibrator. 
Front-panel carrier level 
control. 
Semi-break-in CW with 
sidetone. 
VOXIPTTIMANUAL 
operation. 
TUNE position for low-power 
tune up. 
Built-!n speaker. 
Built-in cooling fan. 
20-dB RF attenuator. . Provisions for four f~xed 
channels. . Speech processor consist~ng 
of a very effective audio 
compression amplifier. 

The TS-520SE functions with many 
popular accessories, lncludlng: 

DG-5 digital frequency 
displaylcounter. 
VFO-520s remote VFO. 
SP-520 external speaker. 
CW-520 500-Hz CW filter. 
AT-200 antenna IunerlSWR 

Ask your Aurhorrzed Kenwood Dealer about rhe 
amazrng TS-520SE and rrs surprrsmgly 
affordable once' 

and RF power meter1 
antenna switch. h q )  . TL-922A h e a r  amplifier. 

If.\.: F:! 
,h ,i/" . MC-50 dynamic microphone. ' . . . p c t ~ f f e r  in amtzfsur mdm 

SM-220 Station Monitor with TRIO-KENWOOD COMMUNICATIONS INC. 
BS-5 pan display module. 1111 WEST WALNUTICOMPTON. CA 90220 



design considerations 
for 

linear amplifiers 
Building a high-power, high-frequency linear 
amplifier and companion power supply is an interest- 
ing, challenging, and constructive project. And don't 
let anybody tell you that you can't do it! Many new 
hams approach equipment construction with great 
timidity. Be assured it isn't all that difficult. The 
toughest part of the work, in fact, is finding the nec- 
essary components. This is where flea markets, clas- 
sified advertisements, surplus stores, and the junk 
box of neighboring Amateurs play an important part. 
You can find all the stuff you need, it just takes a little 
perseverance. 

Before you begin bending metal, punching holes, 
and wiring, you should have the amplifier completely 
designed on paper, as outlined in the previous arti- 
cles of this series. Once this task is done, you can 
make a parts list and start rounding up the compo- 
nents. You should also start thinking about the phys- 
ical layout and assembly of the amplifier. 

amplifier layout and assembly 
Modern dssigq indicates that the linear amplifier 

be enclosdd in a metal cabinet, or box, that is shock- 
proof, rf radiation-proof, compact, and easy to build. 
Many people build their linear amplifiers on a readily 
available aluminum chassis and then box up the 
chassis with aluminum sides and top to form a com- 
plete enclosure. This is not a bad idea. The cost is 
low and the chassis forms a platform and underchas- 
sis area that is hard to duplicate with simple tools. 
Once the enclosure is built, holes are drilled in it for 
leads and cables, control shafts, and for cooling air 
to enter and escape. Components within the box are 
positioned so that rf leads are short and direct and 
power wires are not coupled to the strong rf field 
within the box (see fig. 1). By paying attention to 

mechanical detail and armed with a knowledge of cir- 
cuit design and a dose of common sense, the aver- 
age Amateur can build a linear amplifier that looks 
good and works as well as the book says it should. 

The object of using an all-metal amplifier enclosure 
is to keep the strong rf currents and subsequent har- 
monics within the box. Since these currents travel 
only on the surface of metal, the box can be made 
"electrically tight." Whenever a hole is made in the 
box, or a conductor brought into it, a leakage point is 
established through which rf energy can escape. It is 
important that these "rf holes" be reduced to a mini- 
mum in number and size, and that their effect upon 
circuit operation be controlled. 

openings into the enclosure 
Holes, leads, and shafts break the rf-tight amplifier 

box. Large holes for ventilation can be used without 
harm, provided they are screened so that air can 
enter and leave but rf energy cannot escape. Perfor- 
ated metal sheet, having many closely spaced holes, 
is the best screening material to place over the open- 
ings. Copper wire window screen is not as effective 
because of wire corrosion which produces a film of 
insulating oxidation between the individual wires at 
the crossover points. 

If a perforated sheet is to be used, it may be made 
by drilling lots of holes in the enclosure wall. Or the 
hole pattern can be drilled in an auxiliary plate placed 
over the ventilation hole. If such a plate is used, it 
should be bolted or riveted to the enclosure with a 
bolt-to-bolt spacing of about 2.5 cm (1 inch) so that 
rf energy cannot leak out through the crack between 
the surfaces. Mating surfaces between the metals 
should be clean and free of paint (fig. 2). A screened 
ventilation opening should be about three times the 
size of an equivalent unscreened opening, since the 
screening material reduces the area of air passage. 

By William I. Orr, WGSAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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fig. 1. A representative amplifier enclosure. Basic unit 
is an aluminum chassis wi th bottom plate. The plate 1 I 
circuit enclosure is made of aluminum stock. For ease 
in assembly, aluminum channel angle stock is pop- 
riveted around outer edge of chassis to mate with the 
bottom of plate circuit enclosure. Angle stock is run 

PLATE CIRCUIT ENCLOSURE 

(FRONT1 

up each corner and riveted to the four plates. Addi- I. I I /': 
tional angle stock runs around the inside edge of the gip t;- 

yA top of the enclosure and is tapped for 6-32 lM3.5) 
screws, which hold the lid on. Lid may be made of 

!I 
perforated metal for ventilation or may be modified 
from a solid aluminum sheet as discussed in the text. 
Additional angle stock may be required to hold bot- 
tom plate in place and to make the under-chassis area 
relatively air-tight. Blower to cool the tubes is mount- 
ed on the rear apron of the chassis. The completed , '1 BOTTOM PLATE 

10.  

enclosure is mounted behind a relay rack panel for (25 em] 
I I / 

appearance. IT' 141 m ) _ V  

Control shafts passing into an rf-tight box should Meters mounted in a wall of the shielded box pose 
be made either of phenolic-insulating rod or of metal, a problem, as they are a source of prolific rf leakage. 
grounded at the point of entry by means of a spring Unless the body of the meter is shielded and the 
contact (fig. 3). leads well bypassed, it is more prudent and less time 

Long, narrow slots in the enclosure should be consuming to mount the meters outside the enclo- 
avoided, or else shunted with a ground strap every sure and to filter the meter leads running into the 
few inches; otherwise the opening tends to act as a box. 
"slot antenna" through which harmonic energy can 
readily pass - more easily than through a much pass-through leads 
larger circular hole, in fact. Careful attention must be paid to power and meter 

DRILL TO CLEAR 
POP-RIVETS (TYPI 

0 0 0 0 0 0 0 0  

fig. 2. Ventilation holes are cut 
in sheet aluminum by means of 
a nibbling tool. Cover plate is 
cut slightly larger and drilled 

r M N T l L 4 T I O N  HOLES 

for ventilation holes. Plate and CWER PLATE 
sheet aluminum are then drilled 
together for holes to place pop- 

DRILL lU CLEAR 
rivets. I f  it is necessary t o  PDP-RIMTS ITWI 

remove the cover plate for 0 0 0 0 0 0 0 0  

insertion of tubes, the plate 
may be held in position with 
sheet metal screws or by 6-32 
(M3.5) nuts and bolts (provided 
assembly is such that you can 

VENTIL4TlON OPENING w get your hand inside the enclo- 
sure to hold the nut in  place). 
Most side ventilation plates are 
fixed in position; top cover 
plates are removable. 
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leads entering and leaving the rf-tight box. Harmonic 
currents inside the box can easily flow out of the 
enclosure on these leads or even on the outer shield 
of a coaxial line if the shield is not properly grounded 
at the point of entry (fig. 4). Unshielded leads enter- 
ing the box must be carefully bypassed and filtered at 
the point of entry to prevent rf energy from escaping 
from the box and flowing down the leads. A combi- 

ENCLOSURE n- 
LWIF 'ER  

-TACT 
/ / RZTAINING WASHER 

AND NUT 

fig. 3. A single-circuit phone jack makes a good grounding 
device for a 6.5-mm (%-inch) diameter shaft. The jack is 
mounted in the shaft hole, which is drilled out to accept the 
jack. The wiper contact of the jack rides on the shaft as it is 
rotated. The contact arm of the jack is grounded to the 
enclosure wall. Jack is positioned so that wiper arm is 
inside amplifier box. 

nation of bypass capacitors and small filter inductors 
will close off this escape route. The inductor must 
have ample capacity to carry the current flowing in 
the lead. Feedthrough-style capacitors are often 
used in low-voltage power and metering leads. 

amplifier wiring 
within the enclosure 

Wiring within the rf-tight box can couple to rf ener- 
gy because of the storing field within the box. Any 
lead in the box can pick up fundamental and harmon- 
ic energy and feed it outside the enclosure (fig. 5). 
On the other hand, the lead can pick up rf energy 
from an outside source (your exciter, for example) 
and leak it into the box causing amplifier instability. 
The solution for this problem is to bypass or filter all 
internal power and control leads at each end, dress 
them close to the chassis, and keep them physically 
remote from areas of high rf energy. 

All these precautions may seem more complicated 
and time-consuming than they really are. Unfortu- 
nately, most circuit diagrams leave off much of the 
important rf bypassing circuitry since it tends to clut- 
ter up the diagram; its existence may be only briefly 
mentioned in the text. And the filter circuitry is often 
left Gut of commercially produced units as a cost-cut- 
ting measure. 

When you build your own amplifier, you can afford 
to take the time and do things the right way. Always 

remember that holes, shafts, and leads are sources 
of rf leakage from an rf-tight enclosure and, unless 
protected, are a direct invitation to TVI, harmonic 
radiation, and amplifier instability. Sadly enough, 
many modern amplifiers on the market look like 
they're in an rf-tight enclosure, but, in reality, they 
are only sitting in an attractive dust cover. 

practical amplifier layout 
A simple to understand and practical parts layout 

for a representative high-frequency linear amplifier 
using two 3-5002 tubes is shown in fig. 6. The layout 
can be adapted to other tubes. The assembly con- 
sists of an aluminum box made up from a standard 
chassis. A bottom plate pressurizes the underside of 
the chassis and a blower is mounted on the rear 
apron of the chassis. Air is introduced under the 
chassis and is expelled through the tube sockets and 
air chimneys. The heated air from the tubes escapes 
through the perforated top and side areas of the plate 
circuit compartment. 

The meter and control circuits are placed outside 
the shielded enclosure. Wiring for these circuits is 
not critical, and is done with 600-volt insulation 
hookup wire. High voltage wiring is done with test- 

-OUTSIDE OF C U X  NOT 
WELL ORWNOEO 

INTERNAL AND INTERMIXED EXTERNAL CURRENTS 

Q 

WELL GROUNDED 

h 
INTERNAL AND EXTERNAL CURRENTS 

ISOLATED 

fig. 4. Improper termination of coaxial line can destroy 
effectiveness of the shield (A). Rf currents within the enclo- 
sure can escape via the outside shield of the line as it passes 
through the hole. Properly grounding the shield of the coax- 
ial line to the box (B) ensures isolation of currents within the 
box. Rf currents outside the box are also prevented from 
entering the box. 
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prod wire of the type used for instrument test leads 
(10-kV insulating rating) or equivalent high-voltage 
cable. TV-type capacitors are used for lead filtering 
(fig. 7). 

Low voltage leads enter the amplifier enclosure via 
1-kV feedthrough capacitors, which are also shunted 
at the point of entry with a larger value of capaci- 
tance to suppress low-frequency rf energy and tran- 

through the amplifier for various wires is formed by 
the conduit. Coaxial fittings are used for the input 
and output rf connections and are mounted to the 
wall of the box. 

The mouth of the blower is covered with a small 
piece of copper window screen. While not the best 
material, this screen doesn't reduce the air flow as 
much as a perforated metal sheet would do. 

TEST SHIELDED COMPARTMENTS 

Q 0 
fig. 5. Tests of lead-filtering techniques (A). A signal generator having an output of 
12,000 pV was placed in a metal box and rf leakage via various paths was meas- 
ured. Very complex shielding was required to remove the last vestige of signal 

o from the power lead. A combination of rf choke and capacitors, such as tests 8 or 
9, does the job in adequate fashion. A very effective filter (not shown here), con- 
sists of a 0.001-pF feedthrough capacitor with a series rf choke. Both ends of the 
choke are additionally bypassed with a 0.01-pF disc capacitor. Energy can be con- 
ducted from one area to another as this test shows. Lead-through hole in partition 
(B) conducts energy from one compartment to the other. Proper bypassing (Cl 

"O attenuates leakage. (Courtesy Radio Publications. Inc.) 

While all this hum-drum filtering and bypassing 
might seem like overkill, it is the only way to achieve 
an amplifier that is rf radiation proof and one that 
keeps rf energy where it belongs. The rf energy 
leaves the box only via the output circuit where har- 
monics can be suppressed by means of a suitable 

SHlELDED OSCILLATLM COMPARTMENT 

Q lowpass filter before they reach the antenna. With- 
out the filtering and bypassing, the harmonics sup- 
pressed in the antenna circuit would pass down the 

sients which can pass through most feedthrough power leads or be radiated directly from the amplifier 
capacitors with little attenuation. A simple home- circuitry. 
made rf choke and bypass capacitor are placed on 
each lead inside the enclosure. Note that all capaci- 6-plus safety switch 
tors used on the 120-volt ac power line should be 
rated at 1.6 kV in accordance with the Electrical 
Underwriter's Code. Don't use run-of-the-mill disc 
bypass capacitors on the power line, as it is a source 
of random voltage transients which can easily punc- 
ture the standard 600-volt-working capacitor. 

Power leads from the panel controls to the termi- 
nal strip on the rear of the amplifier must either pass 
through the box or go around it. It is easy to pass 
through the enclosure without breaking the rf seal 
with a short section of 1.3-cm (0.5-inch) diameter 
thin-wall electrical conduit with wall fittings on each 
end of the section (fig. 8). An rf tight passageway 

A quick way to kill yourself is to remove the ampli- 
fier cover and fiddle around inside the box when the 
high voltage is turned on. Even the best of us might 
forget to turn things off and disconnect the amplifier 
from the supply before work is performed. A B-plus 
shorting switch will pay big dividends in operator lon- 
gevity. It is simple to make (fig. 9). The shorting ring 
is made of spring brass and is depressed when the 
amplifier lid is in place. When the lid is removed, 
pressure is taken off the shorting ring and it makes a 
direct contact between the high voltage circuit and 
the chassis. This short circuit results in a blown line 
fuse if the amplifier is inadvertently turned on when 
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scale. All that is necessary now is to design a shunt 
which will produce a 3.9 volt drop across it at the 
desired full scale reading of the meter. Let's say we 
want 100 mA (0.1 amp) full-scale deflection for grid- 
current measurement. The shunt resistor (by Ohm's 
law) is: 

Shunt resistor (ohms) = 

This, also, is a standard resistance value. If you want 

WIRES 

FRONT OF CHASSIS 

UNDERCHASSIS 
AREA 

REAR OF CHASSIS 

WIRES 

fig. 8. Wires can be passed through an underchassis area by 
using a short length of thin wal l  electrical conduit as a pas- 
sageway. Conduit is attached to  the chassis walls by means 
of metal wall fittings. Conduit and fitt ings can be purchased 
at electrical contractor or large home improvement store. 

to read plate current at 1000 mA (1 amp) full-scale, 
the appropriate shunt resistor is: 

3.9 Shunt resistor (ohms) = 7 

= 3.9ohms (a standard resistance value) 

Simple, isn't it? No expensive precision resistors 
are needed and everything is figured out by simple 
mathematics. Other full-scale meter readings can be 
worked out by changing the value of the shunt 
resistor. 

inexpensive perforated 
metal sheet 

A good way to make a ventilated rf-tight metal box 
is to use perforated aluminum sheet stock found in 
many hardware stores and home improvement cen- 
ters. Ideally, the holes should be small and closely 
spaced so that it seems as if there is more open space 
than solid metal. As an alternative, you can make 
your own perforated sheet from solid aluminum 

COVER IN PLACE 

BRASS LOOP 
SHORTS 8 +  
TO GROUND 

COVER REMOVED 

fig. 9. Inexpensive high-voltage shorting switch. The B-plus 
lead is connected t o  a ceramic standoff insulator. A short 
length of brass rod projects out from the insulator. A short- 
ing ring made of spring brass loop encircles the rod as 
shown i n  the left illustration. When the lid is i n  place, the 
loop is centered around the rod. When the cover is removed 
the spring brass straightens out and the loop is offset, 
shorting the B-plus wire to  ground. 

sheet and an electric drill. The trick is to make up a 
drilling jig out of a small steel plate (fig. 11). This 
sounds like doing it the hard way, but once the jig is 
made, it can be used rapidly and can be reused time 
and time again. It is a worthwhile addition to the 
home workshop. The jig is held in position on the 
sheet with a pair of C-clamps and the holes easily and 
quickly drilled with an electric drill to the pattern you 
wish. 

amplifier layout 
If you look through the various Amateur maga- 

zines and handbooks (particularly those of the pre- 
1970 era) you'll see plenty of homebrew linear ampli- 
fiers. They bear a remarkable similarity as far as lay- 
out goes. Indeed, so do most of the linear amplifi- 
ers currently on the market. Time spent in seeing 
how others solved their problems is a big asset when 

GRID RETURN 8-PLUS 

CIRCUIT 
RETbWN 
CIRCUIT 

1 I 

fig. 10. Meter-switching circuit (A), using an inexpensive 0-1 
m A  dc meter t o  measure either grid or plate current. I n  the 
grid position, the full-scale reading of the meter is 100 mA. 
In  the plate position, the full-scale reading is 1000 mA. A 
simplified amplifier circuit (B) showing the dc current paths 
of the meter circuit. Note that the B-plus supply is "above 
ground" by virtue of the meter shunts. 
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fig. 11. A drilling jig made of sheet metal 3.2-mm (118- inch)  

thick is handy for making your own perforated stock for 
areas requiring ventilation. Jig is about 20 cm (8 i n c h e s )  long 
and 7.5 cm 13 i n c h e s )  wide. Holes should be about 6.5 mm 
(114 i n c h )  in diameter. 

it comes to laying out the components for your own 
linear amplifier. 

You should lay the parts out on the chassis before 
you start drilling holes and bending metal. Some 
Amateurs make a cardboard mock-up of their ampli- 
fier and slide the components around in a three 
dimensional layout to make sure that one part does 
not mechanically interfere with another and that the 
dials fall on the panel in a symmetrical pattern. 

Once general parts placement has been ascertained, 
the sides, back, bottom, and top of the enclosure 
can be laid out and cut from sheet aluminum. The 
finished parts can be held together by means of bent- 
over edges on the sheets or by means of aluminum 
angle stock cut to  fit. Some people use nuts and 
bolts to hold everything together, while others use 
sheet metal screws or pop-rivets. The top of the 
enclosure is held in position with removable screws 
so that it can be taken off for tube installation. 

The amplifier box is supported from the panel by 
spacer rods cut long enough to leave space for the 
meters between panel and amplifier. Shaft exten- 
sions can be used to couple the panel controls to the 
control shafts extending from the amplifier wall. 

If your assembly is completely knock-down and 
the chassis plate is replaceable, the amplifier circuitry 
and tube complement can be changed at will while 
still retaining the panel, circuitry, and main body of 
the amplifier. But you'll never need this, since hams 
rarely rebuild their equipment! 

recommended reading 
The new 21st edition of the Radio Handbook is now available and has a 

greatly expanded section on  design and construction of linear amplifiers. 

Photographs show many different designs using popular power tubes. The 
new Radio Handbook is available from Ham Radio's Bookstore. Also read 
"A Beginner's 50 Watt Rig'' by Bill Wildenhein. WBYFB. in the July and 

August. 1978, issues of Ham Radio Horizons. This is a goldmine of design. 
construction, and layout information. You should also read "Custom 

Design and Construction Techniques for Linear Amplifiers Using the 8877," 
by Merle Panen. K6DC. in the September. 1971. issue of QST. A reprint of 
this anicle can be obtained at no cost from the Amateur Service Dept.. 
EIMAC, Varian Division. 301 Industrial Way. San Carlos. California 94070. 
Ask for bulletin AS-45. 

ham radio 

I k H A L  T R O N l X  I 

FREE: HAL-TRONIX 1979 Special Clock Kit - with 
purchase of any Frequencv Counler. 
COMPLETE KITS: COhSI5' ', J6 t.tRr tSSt\l A. PAR1 NEEOfD I0 MAKE YObR 
I ' :  UP.1 I f  HAL.BWA 7 DC I COUhlfq W'TH FAEOUthCY RAh61 OF 1tRD 
II I M W  I ~ A ' , R ~ S  'n ' . : u~s  ~ h t  'OR .ow fnta.fhrr aro 3h. tOR v [In 
I R l .  I*.! I A l " 1 M A l  r '1 s i  . PDRfF\llh I M I  RAFf 5 '0Sf"OL I StC C A ' L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Will! OI'IIONAL 10 SIC G A I L  AVAllAOlt ACCURACY t 001% UTILIZES 10 MHz 

. . . . . .  
COMPLETEKIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S1M) 

PRE-SCALER KlTS 
HALWPRE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $14.95 

(Predrllled G.10 board and all cornponenlsl 
HALWUPRE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124.95 

(Same asabove bul wlth preamp) 
HALWOPRE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $28.95 

(Predrllled G.10 board and all componenls) 
HALWOUPRE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $39.95 

(Same asabove but wllh preamp) 

TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT COMESWIlH7SlOEO PLATtO THRU ANOSOLDER FLOWED 
G 10 PC BOARD 7 567 5 ? 7407 AND ALL EltCTRONlC COMPONENTS BOARD MEAS 
URES3 112x5 112lNCHES HAS 17LlNESOUT ONLY53995 

DELUXE 12.8UTTON TOUCHTONE ENCODER KIT ullllzln the new ICM 
7206 chip Provldes bolh VISUAL AND AUDIO Indlcallons! %me5 with Its 
own lwo-lone anodized alumlnum cabinet Measures only 2.314' x 3.314'. 
Complete wlth Touch-Tone pad, board, cryslal. chlp and all necessary corn. 

F onents lo  llnlsh the kll. 
RICEDAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $28.95 

For lhose who wish l o  mounl the encoder In a hand-held unit. the PC board 
measures onlv 9116' x 1.34'. This oanlal kit with PC board. cwslal. c h l ~  . . 
and compone~ls. 
PRICEDAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $14.85 
ACCUKEYER (KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE 
VERY POPULAR WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY 
JAMES GARRETT. IN OST MAGAZINE AND THE 1975 RADIO AMATEUR'S 
HANDBOOK. 518.95 
ACCUKEYER - MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT 
PROVIDES A SIMPLE. LOW COST METHOD OF ADDING MEMORY CAPA. 
BlLlTY TO THE WB4VVF ACCUKEYER WHILE DESIGNED FOR DIRECT 
ATTACHMENTTO THE ABOVE ACCUKEYER. ITCAN ALSO BE ATTACHED 
TO ANY STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY 

S 16.95 

CLOCK KIT - HAL 79 FOUR.DIOIT SPECIAL - 17.95 
OPERATES Oh 12VOLT AC (NOT SLPPLIEDI PROVISIONS 
FOR DC AND ALARM OPERATION 

8-DIGITCLOCK 12/24 HOUR - -  ~ 

COMPLETE KIT CONSISTING OF 2 PC G.~O PRE.ORILLED PC BOARDS. i 
CLOCK CHIP. 6 FND 359 READOUTS. 13 TRANSISTORS. 3 CAPS, 9 RESIS. 
TORS. 5 DIODES. 3 PUSH.BUTrON SWITCHES. POWER TRANSFORMER 
AND INSTRUCTIONS 
DON'T BE FOOLED BY PARTIAL KlTS WHERE YOU HAVE TO BUY EVERY- 
THING EXTRA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PRICEDAT $12.95 
CLOCK CASE Available and wlll f l l  any one of the above clocks. Regular 
Price . . S650Bul Only $4.50 when bought wllh clock. 
SIK.DIQIT ALARM CLOCK KIT lor home, camper. RV, or fleld.day use. Oper- 
ates on 12 voll AC or DC, and has ils own 60Hz llme base on the board. 
Complete wllh all eleclronlc componenls and twopiece, predrilled PC 
boards. Board slze4' x 3'. Complel~with speakerand swllches. It operaled 
on DC, lhere 0s nothing more lo  buy. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PRICED AT $16.95 
'Twelve-volt AC line cord lor those who wish l o  operale the clock lrom 
110-volt AC. $2.50 
SHIPPING INFORMATION - ORDERS OVER 115 00 WILL BE SHIPPED POSTPAID 
EXCIPI ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTEO ON ORDERS LLSS 
THAN $15 00 PLEASE INCLUDE ADOITIONAL $1 00 FOR HANDLING AND MAILING 
CHARGES SENOSASEFORFREEFLVER 

N O W  A N  ALUMA TOWER 
DISTRIBUTOR 

H AL-T RONIX 
P. 0. BOX 1101 

HAROLD C. NOWLAND SOUTHGATE, MICH. 48195 
WBZXH PHONE (313) 2851782 

august 1979 65 



counters and weights 
Counting in the digital sense is really a sequence 
of flip-flop state changes. The sequence repeats and 
the number of state changes required for one 
sequence is termed the division ratio. Thinking in 
terms of state changes is a clue in understanding 
counter operation. To make sense of certain flip-flop 
counters, the bit weight system is used. 

states and weights 
Each flip-flop in an array represents a bit of data. A 

counter always has the same number of bits, but 
each bit may be 1 or 0 depending on the sequence. A 
chain, or cascade, of flip-flops will have an orderly 
sequence of bit state changes, but it is still difficult to 
interpret the changes into decimal notation. 

Assume four flip-flops in cascade. The maximum 
number of states is sixteen. Weights are assigned to 
each bit. The least-significant bit, or LSB, will have a 
weight of one; it represents the input flip-flop, which 
changes the fastest. The next bit has a weight of 
two; the next four. The most-significant bit, or MSB, 
has a weight of eight. Mathematically, the bit weight 
is 2n, where n is the bit significance. 

Converting binary states to decimal notation 
involves adding up the weights of any bit that is a 1. 
Forget any 0 bits. Table 1 has four-bit binary states 
with equivalent decimal weights. Note that the maxi- 
mum decimal number is fifteen. What happened to 
sixteen? Simple. An all-zero binary state is decimal 
zero, so all sixteen are accounted for. A decimal six- 

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

teen would require five binary bits with the MSB at 1, 
the remainder at 0. 

Table 1 also gives hexadecimal notation. This is 
common in microprocessor state designation, and 
some four-stage counter packages are called hexa- 
decimal counters. 

simple counter chain 
Fig. 1 has three negative-edge, clocked, JK flip- 

flops in cascade. J and K inputs of all are tied high, 
so each stage divides by two. With three in cascade 
the total division, or count, is eight. 

This simple cascade is a ripple-through counter 
since each successive stage state change is depen- 
dent on the previous stage propagation delay. A rip- 
ple-through counter should not be used at high 
speed for selecting a particular state. 

Suppose you wanted to select a decimal 2 state. - - 
The flip-flop states would be ABC ( A  and C low, B 
high). For a short period of time this same state 
would occur after the fourth negative clock edge 
after A had toggled low but B was still high. It is a 
very short time, but the select gate might pass this 
"glitch." 

A solution is to make the counter synchronous 
using anticipated carry. Carry in counters is the state 
change output, that can cause the next stage to tog- 
gle. You can see that carry anticipation is possible by 
examining all previous flip-flop states and the clock 
before a toggle occurs; they are all high. 

table 1. Four-bit binary states with decimal weights. 

(-binary states -,hexadecimal 
decimal MSB LS B notation 

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

10 1 0 1 0 A 
11 1 0 1 1 B 
12 1 1 0 0 C 
13 1 1 0 1 D 
14 1 1 1 0 E 
15 1 1 1 1 F 
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Synchronous counter modification is shown in fig. 
2. Additional AND gates set up the next flip-flop 
stage so that all change state at the same time. Carry 
out will have the same width as the high clock state 
but'occurs only every eight clock periods. 

Difference in state change time is caused only by 
differential flip-flop propagation delay (quite small) or 
the AND gate delay. The latter may be compensated 
for by adding inverters to the first stage outputs for 
any state select gating. 

CARRY 

CLOCK 

ALL FLIP-FLOPS ARE JK TYPES 
WITH J,K INPUTS T I E D  H I G H  

CLOCK 

"c 1 

t 
CARRY 

OUT 

fig. 1. Cascade of three JK flip-flops with waveforms. 

CLOCK 

fig. 2. Synchronous three-stage binary counter using antici- 
patory carry. 

decade counting 
A minimum of four stages are necessary for divi- 

sion by ten. JK flip-flops can be used, and the con- 
trol inputs will enable a binary state sequence from 
decimal 0 through decimal 9. This type of counter is 
called a binary-coded-decimal, or BCD, and is shown 
in fig. 3. 

This is a cascade of divide-by-two (stage A) and a 
divide-by-five (last three stages). Ten is divisible by 
two, so state feedback isn't required for the first 
stage. Note that OD is made to both J and K inputs of 
stage B; as long as it is high (OD low), B will toggle 
on every negative edge of Qn. Stage D will not tog- 
gle since GI holds its J input low until a decimal 7 is 
reached. 

A t  the decimal 7 state, both J and K of stage D are 

fig. 3. Binary-coded-decimal decade counter. 
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INPUT IS MADE TO ALL ? 
FLIP-FLOP CLOCK INPUTS 

3 
TRUTH 4 

a bit easier to decode into specific states. Fig. 4 will 
decode all ten states into decimal using only two- 
input gates for each state. A disadvantage is the 

TAELE 5 
6 
7 

- 

0 OUTPUTS 

B C O  
0 0 0  
0 0 0  
1 0 0  
1 1 0  
I 1 I 

I l l  
I l l  
0 1 1  
0 0 1  
0 0 0  
0 0 0  

J 

A 

fig. 4. Five-stage. self-correcting decade ring counter. 

- 
B 
- 

0 - J  

- K  

high; D is set up to toggle. It did not toggle when GI 

count. 

odd-modulo ring counters 

- - 
O - K  

went high, since the control input must be present 

- 
0 - J  

o 
- - 

before a clock arrival. The eighth clock will make A, 

0 - J  O -  

E 
- - 

B, and C all low. D goes high from QA, since GI has 
set up the toggle condition. Stage B is now inhibited 
from its J and K inputs made low from Go. 

O - K  

- 
c 
- 

The tenth clock will toggle stage D again, making 
QD low. This action removes B's inhibit, but B does 
not toggle, since the inhibit was still there when QA 

0 - J  

went low. If this is confusing it won't hurt to review 

- number of flip-flops, which must be one-half of the o - - ~  

the JK rules given in reference 1. 

o - K  o 

ring counters 
These are shift registers modified by output-to- 

input state feedback. A shift register is a cascade of 
JK or D flip-flops with the Q and a of one stage feed- 
ing the J and K inputs of the next (Q to D only for D 
flip-flops). The clock is common to all stages, and 
any input to the first stage will shift through all stages 
at each clock edge. 

A divide-by-ten ring counter is shown in fig. 4 with 
the state truth table. It's common in CMOS and is 
sometimes called a "Johnson," or "switched-tail," 
counter. The latter name is from inverted output 
state feedback. This one is called self-correcting 
from the AND gate connection. 

A t  power-on you cannot be sure that all flip-flops 
reach one of the desired ten states. With five stages, 
the maximum number of states is 32 (251, so the 
counter must be able to shift out of an undesired 
state. One such pattern is 01101, and you can try it 
out on scratchpaper with and without and AND 
gate.* 

Ring counters are inherently synchronous and are 

Modulus is another name for division ratio. Odd- 
modulo ring counters may have advantages over cas- 
cades with different state feedback. Divisions of 
three, five, seven, and nine don't require extra gating 
for correction. Fig. 5 shows two counters with state 
tables. 

A modulo-7 counter is created by adding a flip-flop 
before stage A. A modulo-9 adds two flip-flops. In 
both cases the Q output is connected to the next J, 
6 to K. The last three stages in divisions of five, 
seven, and nine will go through the modulo-5 pat- 
tern, skipping the 001 state between 01 1 and 000. All 
are self-correcting. 

ssb quadrature counter 
Fig. 6 is a variation of a ring counter and has been 

used in  several phasing-type, single-sideband 
designs. It's made from one high-speed, dual-D 
package and uses all four binary states. Quadrature 
(90-degree) phase is maintained over a wide frequen- 
cy range. 

A disadvantage is that the VFO (clock input) must 
be four times the output frequency, and differential 

I I 0 D IV IDE  E I  

K 0 
2 0 I THREE 
3 0 0  

INPUT IS UdOE TO ALL F 
FLIP-FLOP CLOCK INPUTS 

INPUT - 
0 0 
I I 
2 1 
3 I 

TRUTH 4 1 
TABLE 5 I 

6 0 
7 0 
8 0 
9 0 
10 0 

0 OUTPUTS 

8 c o  
0 0 0  
0 0 0  
1 0 0  
I 1 0  
I l l  
I l l  
1 1 1  

0 1 1  
0 0 1  
0 0 0  
0 0 0  

'See appendix fig. 5. Self-correcting odd-modulo ring counters. 
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90. LAGGING 
PHASE 

l w u r  

fig. 6. Two-stage SSB quadrature counter. 

delay may limit the 90-degree difference. Differential 
delay in one package is never specified. It must be 
low since one degree of phase error in only 0.397 
nanoseconds at 7 MHz. Output loading should be 
equal to minimize differential delay, and mixer output 
filtering must be used to eliminate harmonics. 

direct set and clear 
Both CMOS and TTL packages have a variety of 

different flip-flop and counter arrangements. Direct 
set (or preset) and clear (or reset) may be separate or 
common or in a combination. Specification sheet 
data should be studied carefully for each package to 
make certain all functions and pinouts are under- 
stood. 

appendix 
Starting the decade ring counter w~rhout  the gate iQE d~rectly to 

Kal  at a state of 01101 wtll produce t h ~ s  sequence' 00110. 10011. 
01001. 00100, 10010. 11001, 01100. 10110. 11011. and back to 
01 101. I t  never arrlves at a des~red state. Adding the gate breaks 
the sequence at 11001. Both J and K Inputs of the first stage are 
now 0 and tt holds at a 1 state: the rema~ning stages shift through 
lor the next state of 11100. a desired state. Remaining states are in 
the desired sequence. The worst glitch state is 01 100 with the gate. 
It w ~ l l  go througll 10110. 11011. then 01101 for the pattern given 
above. 

reference 
1 Leonard Anderson. "Dgrlal Clrcu!ls Propagallon Delay and Fllp 
Flops." ttsrr, rarlro. March. 1979. page 82. 
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WASORE EHIEAGO F.M. CLUB 
presents 

IHIIAGO'S NINTH ANNUAL 
MANUFACTURERS DISPLAYS E 

I / With Many Manufacturers Displaying THE LATEST IN RADIO GEAR FOR SALE & SHOW 

FLEA MARKET 
HUGE INDOOR and OUTDOOR FLEA MARKET 

Open 6:00 a.m. to 6:00 p.m. Saturday and Sunday 
FLEA SPACE IS FREE WlTH ADMITTANCE TICKET SPACE FOR HUNDREDS OF TABLES & CARS 

Bring Your Own Table and Chairs Flea Space Set Up Starting at 6:00 p.m. Friday Night 

DOOR PRIZES 
THOUSANDS AND THOUSANDS OF DOLLARS GIVEN AWAY AS DOOR PRIZES. 

LAST YEAR WE GAVE OUT OVER $8,000 WORTH OF EQUIPMENT, AND THIS YEAR??? 

SEMINARS & DEMONSTRATIONS 
ON ANTENNAS OSCAR INTRODUCTION TO HAM RADIO RTTY MICROPROCESSING 

DX POSITION DIRECTION FINDING TALK'S AN0 FORUMS 

LADIES PROGRAMS 
WlTH DEMONSTRATIONS AND DOOR PRIZES FOR THE YL'S AND NON-HAM MEMBERS OF THE FAMILY 
Kids under 12 Free with Ticket Holding Adult. . .Also Entertainment for the Kids with Clowns, Shows and Balloons. 

FREE CAMPING ON GROUNDS AND SOME WlTH POWER HOOK-UP 
We Can Make Hotel Reservations for You at Mundeline Holiday Inn. (Map Will Be On Ticket) 

25 Minutes from Chicago, 45 Minutes from Milwaukee 

ADVANCE TICKETS $2.00 rS3.00 At Gatel 
write RADIO EXPO, BOX 305 MAYWOOD, 11 60153 

SEPT. 15 & 16,1979 
TALK IN 

16/76 - .52 
222.5/224.1 - .5 
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Hy-Gain 3806 

Communications Center 1 
443 N .  48th. L~ncoln, Nebraska 68504 In Nebraska Call (4021466 8402 I 
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the weekender 

broadband powevtracking v s w ~  bridge 
one of the problems that most hams have experi- 
enced with commercial power and VSWR meters has 
been the maker's inability to provide adequate isola- 
tion between the forward and reflected power samp- 
ling ports over a wide bandwidth. There is also the 
problem of having to recalibrate the VSWR meter 
when the output power is varied. The power/VSWR 
meter described in this article has been designed to 
be truly independent of these problems. My goal was 
to design a dual-directional coupler wi th a flat 
response to at least 55 MHz, and a directivity greater 
than 30 dB. Three couplers were designed to meet 
these requirements, with coupling factors of 30, 24, 
and 20 dB. The 30-dB coupler can be used with 
transmitting systems having outputs up to 1000 
watts. The 24-dB coupler can be used with systems 
below 200 watts, and the 20-dB coupler can be used 
with a 100-watt limitation. The 24-dB coupler turns 
out to be the most practical for average ham use. 

circuit description 
rf section. The rf sampling and detection circuit 
shown in fig. 1 was perfected with the use of a net- 
work analyzer having the capability of resolving 
amplitude variations of less than 0.1 dB over a 1 to 
500 MHz frequency range. 

In order to obtain the isolation between the for- 
ward and reflected power sampling detectors, two 
properly phased transformers are required. The tor- 
oid for the transformers is of "H" type magnetic 
material with a diameter of 9.5 mm (0.375 inch) and a 
thickness of 3 mm (0.125 inch), large enough to safe- 
ly pass 200 watts without saturating the core. The 
primary of each coupler consists of a 2.5-cm (1-inch) 
piece of 0.141-inch OD semi-rigid coax with the solid 
copper outer jacket used as an electrostatic shield. It 
should be noted that the jacket is soldered to the 
groundplane of the printed circuit board on only one 

side of the toroid. Soldering on both sides would 
result in a shorted turn and actually degrade the per- 
formance of the coupler. The secondary of each 
transformer consists of fifteen turns of no. 31 AWG 
(0.2-mm) enamelled wire evenly spaced around the 
core. This provides 24 dB of coupling. 

It is very important in winding the secondary of the 
transformers that the wire be spaced as evenly as 
possible. I found that having the turns spaced too 
closely caused the high-end performance to roll off at 
a much lower frequency than desired. The final 
design has a coupling response of 23.9 + 0.1 dB from 
1 to 200 MHz, and a roll-off of 0.15 dB at 50 MHz. 
The insertion loss is negligible. The directivity (isola- 
tion between the forward and reflected power ports) 
is greater than 35 dB from 1 to 30 MHz rolling off to 
25 dB at 200 MHz. 

The rf detector uses a pair of germanium diodes as 
a positive halfwave rectifier. The output is then fil- 
tered and passed to the analog tracking circuit. In 
order to avoid large offsets in the rectified voltage, 
the diodes are matched as closely as possible in the 
center of the high-frequency band. The setup shown 
in fig. 2 allows matching to within 10 mV. 

table 1. 
values. 

VSWR 

1.05:l 

1.1:l 

1.2:l 

1.5: 1 

2.0: 1 

3.0: 1 

4.0: 1 

infinite 

Values of return loss for different VSWR 

return 
loss Po,, = 1 kW P = 100 watts 
(dB) P,,, (mW) 
32.2 0.6 0.06 

26.4 2.3 0.23 

20.8 8.3 0.83 

14.0 39.8 3.98 

9.5 112.0 11.20 

6.0 251 .O 25.10 

4.4 363.0 36.30 

0.0 1000.0 100.00 

By Hank Perras, KIZDI, Aglipay Drive, Return loss ( d ~ )  = - 10 log,o 
RFD 1, Amherst, New Hampshire 03031 
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115 VAC 

1 

T I  I ELECTROSTATIC SHIELD 
R F  OUT 

r----7 

l O O p H  I N 3 6 6 6  
* 

I N 3 6 6 6  100,uH ----- 
FORWARD0 0 REFLECTED 

ZOO 
1 / 4  WATT 
18 TOTAL) 

* 7' f/ 1.8 AMP 

A1 
- 5 v  

CERMET 

' 1 %  

VS WR 
RANGE 

fig. 1. Schematic diagram of the broadband VSWR bridge and power supply. As specified in the text, T I  and T2 are wound to pro- 
vide a coupling factor of either 24 or 30 dB. 

30-dB coupler 

This coupler is useful for high-power operation, 
that is, up to 1000 watts. With this looser coupling, 
adequate VSWR tracking for very low values of 
reflected power will be limited to approximately 100 
watts of transmitter output. In other words, the 
VSWR will indicate properly as the power is varied 
from 100 to 1000 watts. Tracking very low values of 
VSWR becomes a problem as the output is reduced. 
The value of power in the reflected wave (see table 
1) is determined by: 

p s e c  = p o u t  (dBm)-  return loss (dB) - coupling (dB) 

I t  will be necessary to construct the bridge in two 
sections separated by a shielded compartment. The 
printed circuit board can be cut in half, separating 
thecouplerfrom the tracker. The board was designed 
with this purpose in mind, to obtain greater isolation, 
if needed, and to operate the coupler at some remote 
location in the coax. 

A word of caution in winding the transformers - 
be very careful to avoid nicking the enamelled wire. 
This could result in a short to the outer shell of the 
semi-rigid coax used as the primary. I would suggest 
the use of clear epoxy on the entire transformer after 
assembly. 
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The only differences in the construction of this DIODE 
UNDER TEST 

coupler are the meter faceplates and the coupling 
transformers. The transformers consist of the same 
one-turn primary as the 24-dB coupler, but the sec- I / 4 W A T T  O l r F  l o k  r 1 / 4  WATT 
ondaries have thirty-one turns of no. 30 AWG (0.25- 

S E T  TO -15MHz 

mm) enamelled wire even spaced around a type-H, 0 DBM OUTPUT 

magnetic-material toroid 12.5-mm (0.5-inch) diam- fig. 2. Setup for determining diode characteristics to select 

eter by 5-mm (0.188-inch) thick. closely matched diodes as the detectors. 

GENERATOR SIGNAL - -  - - 
D V M  



View of the circuit board used in the broadband VSWR 

midge. The board can be cut between the rf and current 
tracking portions for remote operation. 

Current tracker. This portion of the bridge makes 
the overall performance of the unit truly automatic. It 
is based upon the RC4200, a four-quadrant multiplier 
that is used as a current-ratio comparator. A refer- 
ence current, established at pin 8, is used in the inter- 
nal bridge portion of the IC. Forward and reflected 
currents from the diodes are fed to pins 1 and 5 and 

not the 4200. Thus, VSWR readings remain constant 
when transmitter power is varied from 200 watts 
down to 10 watts over the frequency range of 1.8 to 
148 MHz. 

The forward power is monitored by the use of a 
voltage follower fed from a 3-to-1 resistive divider. 
This divider network is necessary to keep the recti- 
fied voltage below the + 5 volt supply. 

I decided to have an expanded range for VSWR 

with 4:1 full scale being a reasonable choice. This is 
accomplished by shunting the 39-kilohm resistor with 
an additional 60 kilohms. The circuit of fig. 1 can be 
modified to include a peak rms capability for monitor- 
ing the output power. Fig. 3 shows the modification. 

alignment and testing 
The VSWR is aligned using the setup in fig. 4. The 

transmitter is first tuned up into a single dummy load. 
Then, with four loads in parallel, the antenna tuner is 
adjusted to reestablish a 50-ohm load to the transmit- 
ter. With the range switch in the 4:l position, R2 is 
adjusted for a full-scale meter reading. Power is then 
noted on the series power meter, and R1 adjusted for 
the same reading on the power meter of the bridge. 

TI 
RF tN W .  .-..- RF OUT 

FORWARD 0 RFFLFCTED 

T 

13.01: A11 CIIPIClrORS ARE CE@AY!C. 
f l X  

5 

2 0 1  

Y POWER y .," 
, nus I ,,, 

0 ,  

1 - - - - - - - - - - - -  - - - - - -  k .CAPACITANCE SELECrED FOR DESIRED TlUE CONSTANT 

fig. 3. Schematic dlagram of a similar VSWR bridge which incorporates a peak-rms power readout. 

used internally to track the current ratio by the for- Next, one of the four loads is removed and VSWR 

mula I ,  = (IB12,/Ii It becomes evident that using readings are taken using both positions of the 
this configuration will allow a constant VSWR to be switch. The readings should exhibit a ratio of 3: l .  
displayed over a fairly wide dynamic power range, This completes the testing and the bridge is now 
the limitation actually being the diode detectors and ready to be installed in the line permanently. 
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construction 
This VSWR bridge is constructed on a single 10 x 

5 cm (4 x 2 inch) printed circuit board, which is 
mounted on stand-offs inside an aluminum box. The 
rf is brought into and out of the box with short pieces 
of RG-58, stripped on one end for soldering to the 
terminal and groundplane of the printed circuit 

T R ~ N S Y , ~  ~ C R  A W ~ F N N A  wr X l Z D I  

f60 - !0 ME rERS TUNER WIITTMETER 
V I W R  

BRrDGE 

I 

h 

fig. 4. Test set up to calibrate the vSwR bridge 

board. The other end uses a male BNC connector 
connected to a bulkhead feedthrough connector. 
Two feedthroughs are mounted on the back of the 
main cabinet, one being used for rf in, and the other 
for rf out. 

The meters are 1-mA full-scale movements with 
custom-designed scales. The face plates were 
removed and soaked in a solvent to remove the 
paint. They were then repainted with white spray. 
The next step was to tape the base plate to a pad of 
paper, and with the aid of a little geometry and a 
compass, a new arc was drawn on the white paint. 
The scale divisions were computed by changing 
power into a current ratio and finding the antilog. 

broadband transformer design 
It is very important in broadband torodial transfor- 

mer design to select a material that has a high perme- 
ability. This results in a transformer that, when meas- 
ured on a vector impedance meter, will display a high 
real part of the impedance and a small reactive part, 
as indicated by a small phase angle reading. The low 
frequency roll-off is determined by the permeability 
of the material and the number of turns used, with a 
minimum number being determined by the impe- 
dance levels that the transformer will be working 
into. The high frequency roll-off is determined, for 
the most part, by the interwinding capacitance of the 
wires. 
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Call or Write for Delivery or Quote 

KENWOOD TS180S 

LEAVE A MESSAGE & WE'LL CALL YOU BACK! 

MADISON 
ELECTRONICS SUPPLY, INC. 

1508 McKlNNEY HOUSTON. TEXAS 77002 

7131658.0268 

MASTERCHARGE VISA 

All prlces lob Houston. except where lndlcated. Prlces sublect to change 
w~lhoul notice. all Items guaranteed Some Items sublect prlor sale Send 
letterhead lor Dealer prlce Itst Texas residents add 6% tar please 
add postage eslnmale. 1 1  00 mlnlmum WSGJ. W5MBB. K5AAD. NSJJ. 
AGSK. WSVVM. WD5EDE. KSZD. WASTGU. WB5AYF. KSRC. K5BGB. 
WBSUSV 

New Low Price! 
2 Meter Portable 

G.E. MASTR PR 36 
132-150 MHz - 5 Watts 

ALL SOLID STATE 
with Ni-Cad Battery 

NOW 

Vehicular Charger 4EP63A - 
(sold only with unit) '25 
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G L I %  New 2 Meter Avanti 
Mobile Antenna 1 

ANGLE - 
Mounts on  glass - no holes! 

Recalves and trmunih through gk... 
Superior per fonnmce equivalent t o  55/11 wave. 

( OIIPI INCI 

Superior radiation fu l l  Omni-Directional. H"" 

It's easy to install - No holes to drill, no magnet to 
scratch the oalnt. no clamos. Uses an es~eciallv -. - ~ 

developed epdxy adhesive thai secures antennato w i i  
dow like a 114" bolt. The capacity coupling box is 
simply attached with a special adhesive tape to inside of 
window. Worried about crimping or corroding coaxial 
cables? It's all ~nside and out of 41ght. 

Models also available for 220 MHz and 432 MHz. 
AH 151 3G SPECIFICATIONS 

Gatn Frru~vsl~nl lo518 wavr 
7 mr l r r  V S W R Band Wtdlh R r t l ~ r  lhan 1 5 I 
Mar ,mum power 150 walls 
Nomtnill Impedance sn ohm. See Avanti's other new amateur mobile and base 
Chrome plalerl casltnq Sl~tnlrss Slpel hardware S W ~ Y C ~  whtl, hnld01 
u..,~I,, 7 7 -  antennas. Write for new catalog today. ..... ., . .  
P~rlormance and Mechanncal Patenfs Pendlno Send 5Lk lor handlong and postage 

Buv one from vour nearest AVANT1 dealer. I f  ,~ ~ 

your dealer does not have one in stock, have him 
call the followina toll free number and we wil l 

-- 

anTv antennas 
ship h im one wiiir in 24 hours: Avanli Research and Develo~ment. Inc 

(800) 323-9429 A ., 340 Stewart Ave.. 
1979 In Canada: Lenbrc 

Add~son. IL 60101 
,ok Ind . Scarborough. Ontario MIH IH5 

ANTENNA COMPONENTS 
Antenna wire, stranded It14 copperweld.. ............. S .06 II. 
Antenna Wire. stranded XI5 copperweld .............. ,055 ft. I 
Antenna wlre. stranded Xt6 co~~erweld..  ............. .05 ft. I . . 
Van Gorden HI-Q Baluns. 1:l or 4:l .................. 9.95 ea. 
UnadlllalReyco. W2AU Baluns. 1:l or 4:l ............. 14.95 ea. 
Van Gorden HI-Q center insulators ................... 4.95 ea. 
UnadillaIReyco. W2AU center ~nsulators .............. 9 75 ea. 
Ceramlc "Dogbone" end ~nsulators, pair .................. -98 
UnadillaIReyco plastic end insulators, pair.. .............. 3.50 
Nylon guy rope. 450 Ib, test, 1 W  roll ..................... 3.49 
Poly guy rope. 275 Ib, test. 100' roll. ...................... 3.00 
UnadillaIReyco W2VS Traps, KW-10 thru KW-40 ...... .21.95 pr. 
Belden 8214 RG-8U type loam coax.. .................. .28 11. 

................... Belden 8219 RG-58 A:U foam coax. .I 1 ft. 
Berk-Tex 6211 RG-8X foam coax.. Ullraflexible.. ....... .15 ft. 
Amphenol 83-1SP PL-259 silver plated connectors .... .75 ea. 

............... Amphenol UG-175lU adapters (RG-58) .25 ea. 
....... Amphenol UG-176lU adapters (RG-8X. RG-59). .25 ea. 

Amphenol PL-258, stra~ght adapter ....................... 1.07 

LARSEN MOBILE ANTENNAS 
............. Larsen Mount LM-150 2 mtr. whip and coil.. .21.65 

.......................... LM-MM magnetic mount.. .13.29 
................................ LM-TLM trunk lid mount. 12.77 

New Motorola type mount. NMO-150 2 mtr. whip and coil .23.22 
NMO-MM magnetoc mount .......................... .14.91 

........................ NMO-TLM trunk lid mount.. .15.98 

Other Larsen Models Ava~lable 

Complete Palomar Eng~neers Line Available 

Centurlon International Rubber Duck Antennas in Stock 

WRITE FOR A FREE COPY OF OUR CATALOS 

MASTER CHARGE VISA 

All elems F 0.8 Llncoln. $1 00 mlnnmum shlpplng. Prfces aubiecl lo change 
wltho~t notlce Nebraska resndenls please add 3% tax. 

730 Cottonwood Lincoln, Nebraska 68510 
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the addition of two readily available 
components, off-the-air monitoring 
can be more pleasant. 

Refer to fig. 1. With S1 in the NOR- 
MAL position receiver operation is 
normal. In the MONITOR position, R1 
(Radio Shack 271-215) is added to the 
receiver's rf gain circuit. During re- 

tebook ceive, R1 is shorted by the contacts 
on the 32s-( I VOX relay, K1. When 
the transmitter is keyed, normally 
closed K1 contacts open, inserting 
R1. Rl 's resistance is adjusted only 
once to provide a comfortable moni- 
toring level in the speaker or head- 

Heathkit Micoder ohms) to an inside cover so that it 

Touch- Tone pad could be easily retrieved for restora- 
TO 3 2 5 - 1  J 

tion to the original low-impedance RECEIVER MUTE 

adapted to low- microphone input. 
E. L. Linde, WBZGXF a impedance input y PHONo CONNECTOR 

A quick and easy method of adapt- off-the-air 
ing the Micoder to transmitters such 
as the ICOM 22A, 22S, and 230 is to 

S-line monitoring IS€.5 FIGURE E? / I  

simply replace the audio-input pot While modifying the S-line for full 

(500 ohms) with a lo-kilohm pot. In break in (OSK) may be desired by fig. 2. A "no-holes chicken-connection" 

the ~ C O M  ZA this pot is R62, which many, there are those who wish to may be made at the 75s-I ) MUTE jack for 

is located behind the microphone monitor the off-the-air CW signal of those not wanting to make any mods to 

connector. In the lCOM 230 R34, the 32s-( rather than listen to a side- their '-line gear. 

which is located on module AF. tone. This modification may be made 

The Micoder is designed for a 10- by placing the 75s-I ) FUNCTION phones; CW SIDETONE is disabled by 

kilohm output load. F~~ the 1~~~ switch to OPR. However, this results S l  b. If you have difficulty obtaining a 

Z A / ~ S ,  a ~ ~ d i ~  shack 10-kilohm in a very strong signal. You're then pot with a dpdt switch or if only an 

pot (part number 271-218) will work if required to constantly adjust the RF spst switch is available, S l b  may be 

bent slightly to allow the case to GAIN to compensate for this strong eliminated and the CW SIDETONE 

close. I used the pot signal, as well as the weaker received cable can be disconnected. 

( H ~ ~ ~ ~  part number lo-103g, R122), signal from the desired station. With The small size' of the Radio Shack 

which was left over when I converted 
my HD-1982 to an HD-1984. This 

BREAK 
conversion, which is available from CW SIDETONE 

Heath stores for about $9.00, pro- 
vides a crystal-controlled oscillator MONlTORo , 
that is quite stable and requires no 

, , , , 
adjustment or alignment. 

Incidentally, there are two levels of 
Heath conversion kits. One has a 

NORMAL zener for regulation and one does , 

"'"1 '--- 
I not. If yours has the zener, load resis- I 

tor R105 should be changed from 820 , , I I 
, 4 

to 470 ohms for the Micoder and to 
1200 ohms if used with the Heath HT. 

I set the Micoder level control, RECEIVE MUTE 

R103, at 50 per cent range. The new 
10-kilohm pot should be set by trial *HAY BE DELETED 

325-( 1 
( S E E  T E X T 1  

and error with another station while 
on the air. fig. 1. Radio Shack 271-215 pot for off-the-air monitoring level (R1) is added to the75S-( ) rf 

I also taped the removed pot (580 gain-control circuit. 
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fig. 3. Rf input protection diodes added 
to the75S-( ) antenna jack. 

pot permits mounting it on the front 
panel between the MODE switch and 
the RFIAF GAIN control. The mount- 
ing hole should be centered laterally 
and lrxated 79 mm (3-3132 inches) 
from the top of the front panel. If a 
larger pot is used, it may not fit in that 
location but may be mounted on a 
small aluminum bracket and secured 
behind the PTO control by one of the 
PTO mounting screws. With front- 
panel mounting the adjacent chassis 
hole may be used for the leads. 
Shielded wire should be used for the 
CW SIDETONE lead to prevent hum 
pickup. 

For those who may be hesitant to 
apply any modification to their S-line 
(or who may want to check the effec- 
tiveness of the addition), the added 
pot may be "chicken connected" by 
using a Y-type phone connector at 
the 75s-( ) MUTE jack, J-11 (fig. 2). 

I recommend the addition of two 
germanium diodes across the receiver 
antenna jack, J5, as rf protection de- 
vices (fig. 3). 

Paul K. Pagel, NIFB 

improved memory for 
the Yaesu FT-227R 
Memorizer 

I like the FT-227R. It has all the fea- 
tures I enjoy in a 2-meter rig: It's fully 
synthesized over 4 MHz; it has 5-kHz 
offset tuning; it operates either up or 
down 600 kHz (or on so-called odd- 
ball splits); and, of course, it has sim- 
plex capability. Its power is also right: 
10 watts for repeater operation or you 
can run 1 watt for local contacts. In- 
cluded are tone-burst circuitry and 
provisions for CTSS and full-tone 
access. 

After six months of operation I 
found that the rig will also work in 
Teletype service. We have a net that 
runs AFSK at 170 Hz in the New York 
City area. (Nothing gives as good an 
indication of how well a rig works as 
20 minutes of key-down operation.) 

Everything seemed to be what I 
wanted. But - when I closed down 
for the night I found that the Memo- 
rizer forgets! Whenever I took the rig 
into the house, or just out of the car, I 
found this to be true. I looked into the 
instruction manual one evening, and 
out came the answer. 

PO-17734 
PILL BOARD ISVOLT ISVOLT 

NICAD NICAD 

FRONT Of RADIO 

fig. 4. Mods to the Yaesu FT-227R Memo- 
rizer 2-meter rig to store a frequency 
after the radio is disconnected from its 
power source. 

Remembering that my LED watch 
could remember time with just a low- 
power battery, I thought perhaps the 
same idea would work in the FT- 
227R. A check of the schematic 
shows that when the rig is connected 
to a battery, as in an automobile, and 
the memory switch is pressed, 5 Vdc 
is constantly applied to the phase- 
locked-loop (PLL) unit. This is the PB- 
1773A unit in the book. The 5 Vdc was 
derived from the 13.5-volt line from 
the auto battery. A further check 
showed that the ICs in the PLL were 
of the CMOS type and would prob- 
ably work on very little voltage if 
pushed. The solution to the problem 
was simply adding 3 Vdc and a 
IN4002 diode (fig. 4). These mods 
allow a small voltage on the PLL cir- 
cuit through a diode to prevent higher 
voltage from ruining the two  A A  
cells. It's that simple. 

construction 
The first step in making the addi- 

tion is to remove the five screws and 
put aside the bottom cover (this is the 
one with the speaker). Looking into 
the unit you'll see the PLL circuit in 

back of the front panel. In my unit the 
PLL circuit was covered by a fiber in- 
sulating cover. 

Remove the three screws that hold 
the PLL circuit cover. Remove the 
cover. With the rig facing to the right, 
look at the upper left-hand corner of 
the board. You should see three 
traces running toward the "bottom," 
or down the long length of the board. 
Follow the third trace il l  from the end. 
I t  should go to pin 16 of all the ICs. 
This is the power trace and the one 
that we want. 

Solder a 100-150 mm (4-6 inch) 
wire to it. Then find a ground point 
on the board. Anywhere will do. Sol- 
der another wire of the same length 
to it. Replace the cover and the three 
screws on the PLL board. Observe 
good construction practice and use a 
very small (25-watt or so) soldering 
iron. 

This should leave you with two 
wires sticking out of the PLL board 
with the cover on. Next solder two 
AA batteries in series. Solder the 
anode of the diode (unhanded end) to 
the positive side of the "top" battery, 
and the cathode (banded) side to the 
wire coming from the PLL board con- 
nected to ground. This will put a posi- 
tive voltage on the PLL at all times. 

Now solder the ground wire from 
the PLL board to the'negative end of 
the batteries. That's all there is to the 
electrical mods. 

I wrapped the batteries and diode 
with PVC electrical tape and located 
them in an empty area of the board. 

Total drain on the system is only 3 
mA, so the batteries should last for 
quite a while. I've had the system in 
operation for some months and 
haven't yet replaced the batteries. 

With this system you can have 
memory for the low, low price of 
under $0.65. This may be one of the 
best modifications available for the 
money. Now, if you have one fre- 
quency in memory and another on 
the dial, the radio will remember both 
frequencies, even if the power is off 
and the rig is removed from the auto- 
mobile. 

Stephen Mendelsohn, WAZDHF 

august 1979 79 



80 august 1979 More Details? CHECK-OFF Page 110 

NElY FROM WNAR 
Modular (; Erectable Towers 

Ideal tor ground or roof v These unlque antenna towers EME arrays as well Also 
mounts can be Installed on the ground available wlth optlonal stamless 
One man can assemble and or roof S~nce they're eas~ly steel hardware for harsh 
erect fl p transported and slte erected, env~ronments 
Lightweight 1 they're a natural for f~eld and Base IS approx~mately 60" hlgh 

1 1 portable operations 
High quality aluminum alloy and werghs 28 pounds Tower 

Constructed of sturdy aluminum sect~ons are 72" h ~ g h  and we~gh 
High stability alloy, they're sturdy enough to 21 pounds 
Modular and portable handle large slze HF beams and 

LUNAR'S TRANSVERTER 
SYSTEMS 
lndlv~dual 
modules 
and other Loula h l w r  

accessorles 
are avallable 
for up and down converter 
systems Can be connected ln 
any cornblnat~on your system 
d~ctates Wrlte for complete llst 
of modules and accessories 2785 K U R T ~  STREET SUITE 10 

SAN DlFGO CA 921 10 (714) 299 9740 

Extremely rugged 

- 
LUNAR'S NEW MODEL '4 
2M 10-1 50 LINEARIZED 

Now ready and 
being sh~pped 
We held off on 1 

announcing ~t until ~t was 

TELEX 181747 

WANTED FOR CASH 

490.T Ant. Tuning Unlt 
(Also known as CU1658 
and CU1669) 

618-T Transceiver 
(Also known as MRC95. 
ARC94, ARC102, 
or VC102) 

Highest prfce pa~d  for these units Parts purchas- 
ed. Phone Ted, W2KUW collect We w ~ l l  trade for 
new amateur gear GRClO6, ARClO5, ARC1 12 and 
some alrcraft un~ ts  also requ~red. 25OI0 

We stand on our long term offer to p a y x m o r e  
than any other bonafrde offer 

DCO, INC. 
10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 
800.526-1 270 Evenings (201) 998-6475 

r~ght 
Ready now Order today 
from your Lunar dealer I 



MECHANICAL & ELECTRICAL ENGINEERS 

THERE'S A LOT TO BE SAID 
FOR CAREER STABILITY.. . 
AND WE'RE SAYING IT I LOUD AND CLEAR 
We're General Electric Mobile Radio. We produce a broad range of sophlsticated. 
high-quality VHFIUHF two-way radio systems-f~xed station as well as mobile. 

Our customers in business and industry. . . and especially In the public sector 
(police, fire and ambulance services. for example) . . . depend on us for the most 
advanced land mobile communications systems they can buy. On a continuing 
basis. So neither our business nor your career is at the mercy of a single contract. 

We continue to design, build and sell the finest systems and equipment available. 
And our engineers continue to do work that 1.5 personally and professionally 
satisfying-making valuable contributions to a wide variety of on-going 
development programs. 

That said, we have openings for creative self-starters with an appropriate degree 
and experience in one or more of the following areas: 

RF CIRCUIT DESIGN LDGIC/SIGNALLING 
Experience in the design of small signal CIRCUIT DESIGN 
and high Power, broadband circuits up Analog and dlgltal circuit design for 
to 1 GHz. APPllcations include circuits control, signal processing, and selective 
for transmitters, receivers, and signalling. Applications include the 
synthesizers. control of rf dev~ces. telephone interface 

MICROCOMPUTERS 
terminal equipment, and various tone 
cnntrnl devices - - . . . - . - - . . - - - . 

Hardware and software design Of 
microprocessor-based circuits. ADVANCED MANUFACTURING 
Experience with one of the popular ENGINEERING 
micro-processor families is desirable. Develop product and manufacturing 

ADVANCED ENGINEERING automation projects for all product lines. 
Interface with product design groups 

MS degree desirable. Must be creative to maximize automation potential 
and imaginative in developing new of new designs. 
approaches to communication circuits 
and systems. CONSULTING ENGINEER 

Requires Ph D. degree. Must be able 
MlCROClRCUlTS DEVELOPMENT to ~ rov lde  a h ~ a h  dearee of technoloaical 
Entrv level and exoerienced o e o ~ l e  leadershlo in cbmouter-aided desioK 
req;!red n all of the nyo;ld c rcb t synthesis a'nd analysis, and- 
tecnnology, w~ th  empnasls on thtck lilm. In communlcatlon theory. 

We offer excellent technical facilities, challenging assignments, talented and 
experienced colleagues, and ample opportunities for growth and advancement. 
Plus peace of mind. Plus choice living in progressive Lynchburg (just the right size 
at 70.000) at the foothills of Virginia's beautiful Blue Ridge Mountains. 

For full details, send your resume and salary history to: Professional Relations, 
Ref. 98-G, General Electric. Mountam View Road. Lynchburg. VA 24502 

An Equal Opportunity Employer M / F  
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products 

For l iterature o n  any of  the  new 
prdducts ,  use o u r  Check-Off 
service on  page 110. 

Ten-Tec Omni hf 
transceiver 

The new Omni high-frequency 
transceiver by Ten-Tec has just about 
everything the discriminating Ama- 
teur operator could ask for. It's Ten- 
Tec's top-of-the-line radio - deluxe 
in every respect from the functional 
styling to the smallest detail of oper- 
ating convenience. Truly an engineer- 
ing masterpiece for those who de- 
mand the best. 

All-solid-state design is featured, of 
course. The radio covers 160 through 
10 meters and has convertible 10- 
MHz and AUX band provisions. This 
means that you can receive WWV and 
the Omni can transmit between 10- 
10.5 MHz or 18 MHz should addition- 
al Amateur frequencies be granted 
during the WARC conference. The 
radio is broad-banded, which means 
you can change bands without the in- 
convenience of tune-up and without 
danger of out-of-resonance damage 
to the final amplifier. 

If you demand operating conven- 
ience, the Omni leaves little to be de- 
sired. VOX and PTT circuits are built 
in. A built-in squelch circuit, unusual 
in hf radios, is also included. It's great 
for tuning and decreasing band noise 
while monitoring a frequency for net 
operation or schedules. 

The Omni has a four-position 
CWIssb filter. Bandwidth is 150 Hz 
with three selectable skirt contours 
for optimum CW reception. The 

fourth position of the selectivity 
switch selects the sideband filter, 
which is an 8-pole crystal lattice 
design with 2.4-kHz bandwidth and a 
1.8-shape factor. 

For the CW operator, the Omni 
features two-speed break-in. A front- 
panel switch selects either fast or 
slow speeds. The fast speed is in- 
stant, full break-in. Slow speed has a 
longer mute time before the receiver 
is activated - useful when working 
in a crowded band with heavy inter- 
ference or when operating mobile. 
The slow setting allows better side- 
tone readability under adverse condi- 
tions. The receiver is totally muted to 
CW speeds as low as 10 wpm, which 
is still short enough for full break-in. 

Offset tuning is essential in a trans- 
ceiver. The Omni features two-range 
offset tuning. One range is +0.5 kHz 
for fine tuning the received signal. 

Another offset tuning range allows 
you to tune the receiver over a * 5 
kHz range for working stations above 
or below the frequency set by the 
main tuning control. 

Ten-Tec engineers have included a 
receiver section designed to achieve 
an ideal balance between dynamic 
range and sensitivity. This means you 
can hear loud local stations and weak 
DX stations without the nuisance of 
front-end overload. Receiver sensitiv- 
ity is 2 pV on 160 meters and 0.3 pV 
on 10 meters: about 85 dB overall. 
Even greater overload performance 
can be attained by a switchable PIN 
diode attenuator on the front-panel rf 
gain control. Great for eliminating 
that kilowatt down the street! 

WWV is available by switching to 
the 10-MHz band position. And the 
Omni is ready to receive on this band 
(10-10.5 MHz) now. Transmitting ca- 
pability is available on this band if it 

becomes available for Amateur Radio 
later. 

Some of the many other Omni fea- 
tures include provision for front-panel 
control of linear amplifier and antenna 
systems, phone-patch jacks, "timed" 
crystal calibrator (Model 545 Omni- 
A), zero-beat switch, SWR bridge, 
adjustable alc and sidetone, dual 
speakers, and plug-in circuit boards. 

For planning your new station, 
here are the dimensions of the Omni 
and packaging information. The radio 
measures 14.6 cm high, 36 cm wide, 
and 35.5 cm deep (5% x 14% x 14 
inches). To blend with any decor the 
Omni features functional styling: a 
"clamshell" aluminum case is clad in 
textured black vinyl with a nonreflec- 
tive, dark metal front panel surround- 
ed by an extruded satin-finish alumi- 
num trim bezel and tilt bail. 

The Ten-Tec Omni is available in 
two models. The Omni-A with analog 
dial, sells for $899. The Omni-D, with 
six 11-mm (0.43-inch) LED digital 
readouts is $1069. Accessories are 
also available including model 546 
keyer, $85; model 243 remote VFO, 
$139; model 248 noise blanker, $49; 
and model 252MO ac power supply, 
$1 19. 

For a comprehensive look at the 
Omni, write for the Ten-Tec Omni 
brochure available from Ten-Tec, In- 
corporated, Sevierville, Tennessee 
37862. 

Kantronics morse code 
teletype reader 

Kantronics' Field Day" is a tri- 
mode microcomputer system that 
reads and displays Morse code and 
radioteletype signals and computes 
Morse code speeds. It is a complete 
unit that doesn't require peripheral 
equipment or television monitors for 
use. 

Field Day is lightweight and port- 
able. A movable support arm tilts the 
unit to four different viewing angles 

"'Field Day" is a trademark of Kanfronics, In- 
corporated. All rights resewed. 
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and doubles as a handle for field use. 
The enclosure is sturdy and durable, 
but light and compact as well. Front- 
panel controls include ONIOFF, 
SPEED (display), EDIT, (word) SPACE, 
and RESET. 

Field Day copies incoming or out- 
going signals through the audio out- 
put of a receiver. (Outgoing signals 
are monitored through receiver side- 
tone provisions.) An internal speaker 
is enclosed, and volume is adjusted 
through the receiver audio gain po- 
tentio6eter. If Morse code is being 
copied, Field Day screens out un- 
wanted signals with an active 200-Hz 
bandwidth filter. The 750-Hz center 
frequency signals are then entered in- 
to the microcomputer system, which 
uses an 8035 chip. 

Once signals are converted to al- 
phanumeric text, they are advanced 
from right to left across ten 14-seg- 
ment displays. When in the code- 
speed mode, the two leftmost LEDs 
display the speed while text advances 
across the others. 

Two Morse copying modes are ac- 
cessed on !he front panel. In the stan- 
dard copying mode, fairly strict 
Morse specifications are applied to 
the incoming code. I f  spacing or 
weighting is incorrect, the unit will 
display a variety of mumbo-jumbo. 
This mode is good for copying good 
code, and acts as the perfect "judge" 
for practicing Morse sending. 

When the code editor is engaged, 
Field Day processes the signals with a 
relaxed program that effectively ana- 
lyzes and edits poorly sent code. The 
corrected version is then displayed. 
With the code editor in use, a major- 
ity of the signals found on the air 
were edited on 90 per cent accuracy 
levels in laboratory tests. These tests 
used random signals from all classes 
of Amateur bands. 

In addition to code editing, a word 
spacing control is included on the 
Field Day front panel. This control 
determines the most likely word 
breaks and inserts spaces into 
bunched copy. 

Field Day computes code speed 

with an accurate sampling program. 
This program is based on the basic 
Morse element, which is the duration 
of a single dit. The speed is tracked 
during the transmission, and changes 
are conducted and displayed on the 
LEDs. Morse code speeds are 
displayed at the touch of a front panel 
button. When not in use, all ten LEDs 
are devoted once more to code-text 
display. 

In RTTY mode, which is controlled 
from the back panel, the standard 60, 
67, 75, and 100 words-per-minute 
Baudot teletype speeds are copied. 
With no other teletype equipment, 
the two-tone signals can be read as 
standard text. Also found on the back 
panel are terminals for audio input, 
TTL compatible inputs, TTL compati- 
ble demodulator output from the 
unit, and a phone jack for attaching 
headphones. 

The Field Day enclosure is cream- 
colored with a brown, tan, and cream 
front panel. The 14-segment LED 
displays are red and are protected by 
a red polylens filter, laminated into 
the front panel. 

For more information, contact Rick 
Link, WBBKDE, Advertising Man- 
ager, Kantronics, Inc., 1202 East 23rd 
Street, Lawrence, Kansas 66044. 

fast-scan ATV 
transmitterlconverter 

P.C. Electronics, of Arcadia, 
California, has put their ATV modules 
into a single attractive enclosure for 
those hams who are more interested 
in operating than building. All that is 
needed with the TC-1 is a Technician 
or higher Amateur license, a TV set 
tuned to channel 2 or 3, a 435-MHz 

antenna, and a video source. The 
video source can be a closed-circuit 
TV camera, computer video, teletype 
video, or video tape recorder. 

The TC-1 ATC transmitterlconvert- 
er contains a sensitive, varactor-tune- 
able, 420 to 450 MHz converter with 
output on TV channel 2 or 3. No mod- 
ification to your TV set is necessary 
to  receive fast-scan ATV because the 
same standards are used as in com- 
mercial broadcast. The transmitter 
section of the TC-1 runs 10 watts 
peak output on 439.25 or 434.0 (or 
any other ATV frequency by special 
order). 

Computer alphanumerics, graph- 
ics, and color can be transmitted 
because the modulator has a band- 
width of 8 MHz. This allows you to 
play Star Trek or blackjack over 
the air. 

Price of the TC-1 is only $399 de- 
livered in the U.S. Options include 
Act12 Vdc for portable work, $30; 
off-the-air video detector and monitor 
driver (to see the actual transmitted 
picture), $25; and on-carrier audio for 
those areas wi th  an inband ATV 
repeater, $50. The 117-Vac. 50-60 Hz 
power supply is built in. UPS delivery 
prices are included to save you the 
trouble of trying to figure out the 
charges. Direct mail-order sales saves 
you the cost of dealer markup. 

Send an addressed, stamped en- 
velope for a catalog of modules, 
cameras, and monitors. Write P.C. 
Electronics, 2522 Paxson Lane, 
Arcadia, California 91006. 

sweepable functioi 
generator 

The Model 2001 four-waveform 
function generator, from Continental 
Specialties, is electronically sweep- 
able over a 10:l to 100:l range. The 
2001 offers sine, triangle, square, and 
TTL square waves from 1 Hz to 100 
kHz in five pushbutton-selectable 
overlapping ranges, tuned with a 10:l 
vernier dial featuring fifty increments. 
Accuracy is k 5 per cent of the dial 
setting. The TTL output will drive ten 
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TTL loads with rise and fall times of 
less than 25 ns. 

Sine-, square- and triangle-wave- 
form outputs are variable over a 
range greater than 40 dB. The high 
level output is rated 0.1-10 volts p-p 
into an open circuit; 0.05-5 volts p-p 
into a 600-ohm load. A separate low 
level output, 40-dB down from the 
high level output, is rated at 1-100 mV 
into an open circuit; 0.5-50 mV into a 

600-ohm load. A variable-amplitude 
control, once set, holds the output 
signal to  within less than + 0.5 dB 
over the entire frequency range. 

The sinusoidal waveform offers 
less than 2 per cent distortion. The 
triangular waveform is within less 
than 1 per cent of linearity error. The 
standard (no t  TTL, which is a 
separate output) square wave fea- 
tures rise and fall times of less than 
100 ns and a time symmetry error of 
less than 2 per cent. 

A voltage-controlled sweeping os- 
cillator (sweep VCO) may be zero ref- 
erenced from any frequency setting. 
A banana jack input will accept any 
signal from 0 to f 10 volts and offers 
a 22k input impedance. 

The Model 2001 is calibrated at 25C 
f 5C, but operates over a 0-50C 
range. The 25.4 x 7.6 x 17.8 cm (10 
x 3 x 7 inch) package weighs 1 .O kg 
(2.2 pounds). Power requirements 
are 6 watts at 1051125 Vac, 50160 Hz. 
A 220-240 Vac, 50160-Hz powered 
version is optionally available. Also 
available is a 20-dB banana jack 
adapter output attenuator. Sug- 
gested resale price for the Model 2001 
is $124.95. 

For additional information, contact 
Continental Specialties Corporation. 
East Coast: 70 Fulton Terrace, New 
Haven, Connecticut 06509; (203) 
624-3103; TWX (710) 465-1227. West 

Coast: 351 California Street, San 
Francisco, California 94104; 1415) 
421 -8872; TWX (910) 372-7992. 
Overseas: CSC UK LTD, Spur Road, 
North Feltham Trading Estate, 
Feltham Middlesex, TWI  40TJ. 
England; 01-890-0782; International 
Telex (815) 881-3669. 

tunable power amplifier 
A tunable master oscillatorlpower 

amplifier demonstrating Class-E 
switching-mode rf power amplifier 
circuit technology is available from 
Design Automation, Inc., of Lexing- 
ton, Massachusetts. 

The Design Automation Model 
E10-3 is a tunable, 10.5-MHz power 
amplifier that demonstrates Class-E rf 
operation, while permitting observa- 
tion of the voltage and current wave- 
forms on a 100-MHz oscilloscope. 
Four different, and interchangeable, 
transistors provided with the circuit 
demonstrate its low sensitivity to  
variations in transistor characteris- 
tics. Load network components ad- 
just over a + 20 per cent range; tran- 
sistor duty ratio over a 35-60 per cent 
range. 

Deviations from nominal in transis- 
tor characteristics, component 
values, load, frequency, and input 
drive have little effect on the per- 
formance of Design Automation's 
patented Class-E circuitry. Serving 
the same function as conventional 
Class-B and -C circuits, Class-E cir- 

cuits offer 80 per cent or higher effi- 
ciency, 20 per cent or lower power 
dissipation, and lower second-break- 
down stress on power output de- 
vices, the firm claims. 

For more information, contact De- 

sign 
809 
ton, 

Automation, Inc., Nathan Sokal, 
Massachusetts Avenue, Lexing- 
Massachusetts 02173. 

system three antenna 
by wilson 

Wilson Electronics is proud to an- 
nounce the latest in tri-band antennas 
for 10-15-20 meters. The System 
Three features lightweight design yet 

heavy-duty construction materials, 
low swr across all three bands, boom 
length of 4.2 meters (14 feet), wind- 
survival rating of 100 mph, direct feed 
with 52-ohm coax or with a balun, 
and power-handling capability of 
2000 watts. 

The System Three is listed at an 
economical price of $179.95. For 
more information, see your favorite 
dealer or contact Wilson Electronics, 
Consumer Products Division, P.O. 
Box 19000, Las Vegas, Nevada 
891 19. 

Personal-Size DVOM 
A new, 3 %-digit, pocket-sized, 

digital multimeter has just been intro- 
duced by The Hickok Electrical In- 
strument Company for electricall 
electronic test, calibration, and field- 
service applications. The instrument, 
designated the LX 303, while priced 
under $75.00, contains features gen- 
erally found in more expensive units, 
including auto-polarity, auto-zero, 
and automatic over-range indication. 
A rugged, compactunit that fitseasily 
in the palm of the hand, the LX 303 
features a large one-half-inch, angle- 
mounted LCD readout for  high 
readability indoors and out, even in 
bright sunlight. A reading rate of 3 
readings per second makes accurate 
reading fast and convenient. Battery 
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Further Your Frequency Counting 10 Ways.. . with DSI 
0 Accuracy 0 Reliability Whatever your needs in frequency measurement and readout. 
Performance @ Sensitivity you're sure to achieve optimum results with DSI precision 

0 Compactness 0 Readability digital instruments. Their portabilit and ru  ged construction - Y B coupled with the judicious use o the la est technologies in 0 Ruggedness 0 Portability solid-state design - have culminated in equipment that 
0 lOH~-to-1.3GHz @ Cost-Effective Pricing provides the best perlormance/price trade-offs available. 

- - 

G E N E R A L - P U R P O S E  M O D E L S  Featurrng automatrc dPCttndl polnts and zero blanklng and ~riclud~rig bull1 1r1 anterinas and battery 
trickle chargers. these ruggedly housed portable lnstrutnenls - that can be taken wherever you need to 
oo - are ideal for use bv servlce and testtna lechniclans communlcatrons people and soph~sticated 
~ m a t e ~ r / ~ r o l e s s ~ o n a l  radto operators 

PARAMETER I I lm I 3BWA 
MODEL NUMBERS 

I 35501' I 

lOmV 
l OmV 

-- 25mv 25mV 
Number of Olglls 

Model 3550K Ou~k-Kit (95°10 Assembled and 1000/0 Tested by OSll Prrced at lust S99 95 
FULL WARRANTY 20 Hour Recharqeable Baltery Pack Optlon 03 $3995 (In Slngle Unll Oty I 

~ 

Digit HeigM 
Power iiequirements 
dimensions 

C O M M U N I C A T I O N S  M O D E L S  

0.5 inch 
115VAC or - 62-to-14.5~dc 

3"Hx8Wx6"D 1 2.25"H x 8"W x 5'0 

These tnstrumenls oller a nost of premiel features lrke t~gh t  accuracies over ~ l d e  lemp ana trequency 
ranqes 25dR pre.amplrl callon wlth adluSlaDle 6008 altenuallon 0 MJIHz resolulton-IOHz-1OKH1. 
selectable 0 1 1 0 and 10 sec Ilme.base and 50 onlns or 1 0 meaohrn #npJI Impedance Thev re Iiand. 

Pr~ces ~ - [in Single.Unlt O t y b  - -  $269.95 I $1 99.95 I 5149.95 

. " . . .  - - -- I 

I ' Opllonal (-01) 13GHr Version ~ v i l l a b l e .  
F U L L  5 -YEAR L I M I T E D  W A R R A N T Y  2 0 - ~ o u r  Rechargeable Battery Pack Opt~on-03: $39.95 (in Single-Unit Oty.) 

somely packaged In rugged cablnets whose po r l ab~ l~ t y  and dependable long:term performance wtll 
prove a boon lor the most exactllig held or test-bench requirements. 

HAND-HELD POCKET-SIZE MODELS No bigger than a small calculalor and uttl lz~ng Ihelatesl In LSl technology Ihey are amalor advancemenl 
that obsoletes competitive makes As small as they are, they do not sacrlflce anythlng In  accuracy and 
r ~ a d n l ~ t  s 1 7 ~  Thev leature resolut~ons ot 1 OHz-dlrect In lust 10sec -or lOHz In 0 1 sec and 1 OPPM 

PARAMETER 

Frequency Range 
Accuracy O V ~ ~ T -  

(ProportlonfiOvenJ 
S%isitivil~ at 50Hz75MHz 
(Typicall at 75Hz-500MHz 

al 500MHz lGHz 
Number of oigns . - 
Digit HeigM 
Power Requirements 
Dimekions -- - 
Prices lin Sinole-UnH 0tv.l 

- ... . 
TCXO and have ~ N C  dlrect Inputs of 1 0  megohm (50 ohms'prescaledl All lhts andlhetrcost-consctous 
prlclng make lhem a most el lect~ve buy where pockel slze convenience 1s a key cons~derat~on 

PARAMETER 

Frenuencv RanE 

MODEL NUMBERS 

F U L L  1 - Y E A R  L I M I T E D  W A R R A N T Y  ' BuiII-rn Rechargeable Battery Pack Included as Std. 

- elOD . 
5 0 H z - 1 6 7 W y  -. 

0.2PPM-0 lo 40°C 

50mV 
lOmV 
NA 

6 [Auto Decimal Point) 

. . "  
Accuracy Over Temperature 
s e n s i l i v ~ a ~ ~ z % M H z  
ITypical) at 50MHz-250ML 

at 250MHz-450MHZ 
Number ol D i g s  

- 

Diglt Height 
~owfiequirernents 
Oime%ions- 
Prices [in SingleUnlt 0ly.I 

- ~- -- 

For i n fo rma t ion  on representat ives a n d l o r  d is t r ibutors  i n  you r  area. 
a s  we l l  a s  technica l  da ta lp r i c i ng  detai ls.  contact  you r  neares l  DSI Regional  Sales office: 

ClOW 
IOHz-to-1.0- - - - - 

0.IPPM-4 to 40'C" 

20mV 
5.0mV 

> 50mV 
9 [Auto Decimal Point1 

-- - 

. . - 
l.O*M TCXO Time.Base (I7 lo 40 CI 

30mV 
30mV 
50mV HA LLK 

8 [Auto Oecimal Point & Zero Blanklngl - -- - - - -- - - 
0.4 inch .- 

8.2-to.14.5VAC' or I I5VAC [using External AC - Ada~= 
3.5'W x 1.25"0 x 5.75"H (Casel 

q 6 9 9 s  - 1 - - ~ ~119.95 

DSI INSTRUMENTS. INC. 

0.5 inch 
115VAC or 8.2-tb14.5Vdc 

3 'Hx8"Wx6"0 I 4 1  x IWW x 7.5'0 
5369.95 5499.95 

I N  THE Cal l  Tol l -Free (800) 854-20b9 
WEST CA Exchanges Cal l  Collect (7141 565-8402 

7914 Ronson Road. S a n  Diego. CA 92111 

DSI COMMUNICATIONS, INC. 
IN THE Call  Toll-Free (800) 241-4545 
EAST GA Exchanges Cal l  Collect (404) 977-2225 

53 Old Stone M i l l  Road. At lanta .  GA 30067 
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PRETuNED - COMPLETLY ASSEMBLED -'I :,/ FOR ALL M A K E S  MODELS OF AMATEUR 
ONLY ONE NEAT SMALL ANTENNA FOR TRANSRECEIVERS - TRANSMITTERS - 
UP TO 6 BANDS1 EXCELLENT FOR CON- GUARANTEED FOR 2000 WATTS SS8 
CFCTFn Yn1141NG A I F A 9 .  A P A I T H F N T S  1000 W A T T S  CW FOR NOVlCE AND ALL  
- - - ~ 

COMPLETE A S  SHOWN wnh 90 It. RG58U-52 Ieedllnc. and PL259 sonnectol. In~ul.tOrS. 3011. 
300 b. test dacron end support=. center connestor W X ~  buln ln llghnlnp arrester and stotlc dlacharao - 
molded. sc.led. ~a.therpro~f.~e~on.m traps 1"X6"-you )us1 rwnsh to  band dssbcd Ior oxcallant worldwlda 
operation - tr.n*mltung and r o c l c r ~ n ~ l  WT. LESS THAN 5 LBS. 
160-80-40-20-1510 bands 2 1t.p-- with 90 11. RG5eU - connector - ModdT77EU . . S59.95 
80-40-20-15-10 bands 2 trap -- 102 It. wNh 90 (1. RG58U - sonnestor - Model 998BU . . ,654.95 
40-20-15 -10 bands 2 1r.p ---5411. wnh 90 11. RG5BU soax - connsctor - Model  1001BU. . ,653.95 
20-15-10 band* 2 trap--- 26 It. wnh 90 9l .  RG58U comr - connestor - Model IOOTBU . . . . 152.95 
SEND FULL PRICE FOR POST PAID INSURED OEL. IN USA. (C.n.d. h 65.00 e x t r a  for post. 
C I ~ ~ I C . ~  - customs - etc.) or order using V ISA Bank Amorlcard - MASTER CHARGE - AMER. EX: 
PRESS.Glrenvmbn and el. date. Ph 1-308-236-5333 9 A M  - 6PM week days. W e  %Up In 2-3 days. 
PRICES MAY INCREASE SO - ORDER NOW AND SAVE1 An antennas gu.rnntcrd lor 1 year. Money 
b.ck ttbl I Mmda In U S A .  FREE 1NFO.AVAILABLE ONLY FROM. 

WESTERN ELECTRONICS Dent. AR- 8 K..rner. Nebraska. 68047 

1.   MEW TOWER DESIGN I 
TRI-EX'S "SUPER Z 25" TEN FOOT (3 METER) 

TOWER SECTION 

I 1,MI I Tower sections may be joined to 20) feet (61 meters) high. 

Full ten foot useful length - No three and one-half inch 
loss of length per sect~on as occurs when jo~n~ng tower 
sections which have swedged joints. 

rT 
Easy to erect - Joining sleeve fits easily into each lower 
section leg and holds tower sections together while sec- 
tions are being bolted. 

. . 

Stronger - Full strength for the entire ten foot engt i .  
No swedged insertion joints. Meets Uniform Building Code. 

Can be disassembled easily - The joining sleeve tends 
not to freeze into the next section like a swedged joint 
tends to do; thus a "Super Z 2 5  tower may be dis- 
assembled after long use and re-erected at another location. 

hU I Steel tower section - Hot dipped galvanized (42 Ibs. - 19 kg.) 

( Lightweight, strong, non-corroding TrlexlumTM tower 
section (18.5 Ibs. - 8.4 kg.) also available. TriexiumTM is a 
special space-age, lightweight, high-strength alloy similar 
to those used in jet planes and space craft. It is non- 
corroding and cannot rust. It is care-free and maintenance 
free. It meets Uniform Building Code and is actually 
stronger than steel sections. It never needs painting. 

t- 
See your dealer or call or write Tri-Ex for 

more information today. 

(209) 625-9400 

%* TOWER CORPORATION 
7182 Rasmussen  Avenue, Visalia, Cal i forn ia  93277 

life is 200 hours minimum (300 hours 
typical) f rom a single 9-volt alkaline 
battery. Handy battery check capabil- 
i ty is also provided. 

Ruggedness is achieved in the LX 
303 by combination of light weight, 
compact size, a high-impact thermo- 
plastic case, and glass-epoxy pc  
board construction. Ruggedness is 
further enhanced by a snap-on cover 
which protects the entire front panel 
during storage or transit, whether in a 
briefcase, tool box, or storage bin. 
The snap-on cover can also be used 
t o  store the test-lead set included for 
a totally self-contained, protected in- 
strument. All input jacks are recessed 
for operator safety. 

Reliability is ensured by  the use of 
LSI circuitry and laser-trimmed, thin- 
f i lm resistor networks for low parts 
count. The excellent overload charac- 
teristics provide 1000-volt protection 
on all dc voltage ranges except the 
200-mV range, which is protected t o  
500 volts. All ac ranges are protected 
to  600 volts. All ohms ranges are pro- 
tected t o  120 volts. Maintainability is 
also excellent due to  the use of sock- 
ets for the major components, in- 
cluding the display, and the extensive 
use of standard components. The 
unit is covered by a one-year warran- 
ty. Suggested user ne t  pr ice is 
$74.95. 

A full complement of accessories is 
available, including an ac adapter 
(115 Vac and 220 Vac versions) at  
$7.50; a padded vinyl carrying case at 
$7.50; a 10-amp dc current shunt at 
$14.95; an XlOdcV probe adaptor 
that protects the input t o  10 kV at 
$14.95; and a 40-kV dc  probe a t  
$35.00. 

For more information, see your 
local Hickok dealer, or write to  The 
Hickok Electrical Instrument Com- 
pany ,  10514  D u P o n t  Avenue ,  
Cleveland, Ohio 44108. 

VHF power amplifier 
Mirage Communications is n o w  

offering a new solid-state 2-meter 
amplifier, the 8108. 

The B108 represents a new gener- 
ation of all-mode amplifiers for vhf 
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g Direct 50 Ohn ns Presc 

C-DC Operatic 
NC Inputs 1 Me 
Large .4" LED Readouts 
uto Decimal Point & Zero Blanking 

Year Limited Warranty Parts & Labor 

)O% Factory Assembled 

... FACTURER 

DSI INSTRU 

DSl INSTRU 

IMENTS 

MENTS 
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skes. 
have 

REQUENCY COUNTER CONSUMER DATA COMPARISON CHART 
PRE-SCALE I .-..?..,., ,,* 

poor 
n^*L 

- 
p~ 

SUG'STD. FREQUENCY PIPE OF ACCURACY OVER SENSITIVITY -- DlOlTS I 
- ~- INPUT 

EL LIST RANGE TIME BASE TEMPERATURE . - 
"ED"L",ION 

y - 40"C O' - 1W nz - 50 MHz - 250 MHz - No. SIZE IN - - --  - 
PRICE 25MMz 250MHz 45OMHz - -- - 

1 .1 SEC 1 --- 
P A ~ ~ - ~ -  ~- . 

100 HH $ 99.95 SOHz-1 WMHz TCXO 1 PPM 2 PPM 25 MV NA NA 8 4 1MIHz 1 

500 HH $149.95 50Hz-550MHz TCXO 1 PPM 2 PPM 25 MV 20 MV 30MV 8 4 1WHz - 1 

CSC* MAX-550 $149.95 1kHz-550MHz Non-Compensstsd 3 PPM @ 25% 8 PPM MO MV' 250 MV 250 MV 6 1 
P~ --- 

OPTOELECTRONICS OPT-7WO 5138 95 IOHz-MX)MHz TCXO 1.8PPM 3.2PPM NS -- NS - NS 7 4 1 kHz 100 Hz 

1 KHz - 50 M M  t Continental Scmciattles Corp 

m e  .mIIt~lllems and 0.8s Included In ths @bow chan sm .a publishad m mnulrlureh lllemun md Mvatnaaants .pmannp ~n early 1979 OSI INSTRUMENTS only -me% rn.lanllbll!lv lor the*! own -lf#cal~onl 

m 
100 H H  I 99.95 WIBattWY P P Y ~ . .  s l ( 9 . 9 5  

T-500 Ant. . . . . . . . . . . . . . . . . . . . $ 7.95 

500 HH.. .$149.95 W/Battery Pack..  ,6169.95 AC-9 Battery Eliminator.. . . . . . $ 7.95 
Pr,res andlor sper~l~,.nltons Tnesr prlccs nnCllldP lactllrv 

DSI INSTRUMENTS, INC. TERMS: MC - VISA - AE c M o . COD ~n U S  Funds 

S U ~ ~ ~ C I  10 change w,lhoarl 8nslAllPd rrr.hnlq0ahl~ NICrrl 7924 Ronson Road. Dept. G Pl~asr  add 104 to a rnar~mtlnl u l  St0 UO 10, shlpplnq handlartq 

b:, t t~y parks San D~ego. California 921 11 and insurance Ordrrs outside 01 USA 8 Canada. please ad0 
nollre or otlltqatll,ri 570 00 .mdtllon lo cover a#r shtlmpnl Calllornla rrslrf~nls ado 



SPECIAL FEATUAES 
~ 0 l I I ~ C . I A l l  I1 i l  IHONILAIIY Rfl~ULAli i l  
101 1) Bkl K I UHHFNI LIMIIINC Prolecl? Power Supply lrom 
excesswe CurrPnl 8 conllnllous Shorlefl oulpul ;* 

CROWBAR OVER VOLTAGE PROTFCTION on Models AS 7A / 

AS 12A RS 20A 8 RS 35A i 
MAINTAIN REGULATION 8 LOW RIPPLE al low llne lnpul Vollage . HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD . ONE YEAR WARRANTY. MADE IN U S A 

I OUTPUT VOLTAGE 13 8 VOC ?O 05volls 
(Inlernally Adluslable 11.15 VDC) 

r nnips conltnuoui 
12 Amps ICS' 
A V . " , U \  R - I W ,  o"rm 

"< 

. . . . $72.95 I RIPPLE Less lhan 5mv peak to peak (lull load 8 low Ionel Shlpplng Welghl 13 lhc 
REGULATION _+ 05 volls no load lo lull load 8 low Ilne lo hlgh line 

, , , , , , , . , . 
I Dthar popular WWER SUPPLIES also available: (Same lealurerana rpec~f~ral~onr arahavel I 

Continuous ICS' Siza (in.) Shipping 
Model Duly lamps) (amps) H x W x D Wt. Ilbs.) Rice 

RS-35A 25 35 5 x 1 1  x 11 29 $13695 

RS-2OA 16 70 5 x 9 x lo'/, 20 $94 95 

RS-7A 5 7 3'14 x 66% x 9 8 $49 95 

RS.4A 3 4 3 % x 6 x 7 ' / :  5 $39 95 
-- 

'ICS - lntermtllenl Cornrnunbcal~on Service 150% Duly Cycle1 
It nor available at your local daalar, please conlacl us diractty. 

A SIT R 0 N 1971 South Ritchey Street 
Santa Ana, CA 92705 

C 0 R PORAT I ON (714) 835-0682 

I 
~ 

CENTRAL N E W  YORK'S F A S T E S T G R O W I N G  HAM DEALER - I 

I 4, , ,. ,, . . 
Featur~n Yaesu, lcorn. Drake. Allas. Ten-Tec. Swan. DenTron. Pace. Palomar. Aida. Midland. 
Wilson. RDK. MFJ. M~crowave Module. Standard. Tempo. Aslron, KLM. HyGain, Mosley. 
Larsen. Cushcraft. Husller. M ~ n i  Products. Universal and Trislao Towers. We servlee every. I thmg we sellf W r ~ t e  or call for quote. You Won't be Disa pointed. 

We are ~ u s l  a few minutes off the NYS ?hruwav(l-90) Exit 32 1 

r 8th ANNUAL 

I 

SEPT. 14th 6PM - 9PM SEPT. 15th 7AM - 5PM 
ERIE COUNTY FAIRGROUNDS HAMBURG, N.Y 

Advance Tlckets - $3.00 Indoor Flea - $5.00 addltlonel 
9:30 P M  Friday - Join Our Fling! 

Spsaksrs - h d k s  Rognm - Mapr Manul8Ctu1lr~ - RV Hwkups - lndoorlOutdwr Flea Markas 
Talk-inon 52 6 31/91 OH N.Y.S. 1-90 at Exlt 57 

Ostalls: HAM-0-RAMA Committw 
Edward Jackson - 93A Altruria St. - BuHalo. N.Y. 14220 - PhOnO 824-1752 

use, incorporating features that have 
not been available before in a single 
amplifier. It is designed to operate on 
a-m, fm, ssb, or CW, with a power 
output of at least 80 watts for 10 
watts of drive. 

A built-in receive preamp is a stan- 
dard feature. The preamp utilizes a 
J310 FET in the latest, low-noise 
circuit design. It provides at least 10 
dB of gain and a 2-2.5 dB noise fig- 
ure. The preamp may be operated 
with or without the power ampli- 
fier's being turned on. Another stan- 
dard feature is a rear panel connector 
for remote-control operation. A n  
optional remote control head, the 
RC-1, is available with either a 1.8- 
meter (Sfoot) or 5.4-meter (18-foot) 
cable. 

Keying is provided by either the 
internal rf sensing circuit or the ex- 
ternal transmitter. For ssb operation, 
the relay-drop-out delay is fully ad- 
justable. 

The 8108 has a list price of 
$169.95. The RC-1 remote control 
head lists for $24.95. For further 
details, contact your local dealer or 
Mirage Communications, P.O. Box 
1393, Gilroy, California 95020. 

communications 
essentials and filters 
brochure 

A new four-page brochure de- 
scribing essential communications 
accessories and filters is now avail- 
able from the J.W. Miller Division, 
Bell Industries of Compton, Cali- 
fornia. 

Models CN-720 and CN-620 SWR 
and power meters provide simultane- 
ous direct reading SWR, forward 
power, and reflected power. Model 
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PGE 
C CURRENT 
> VOLTAGE 
RESISTANCE 

AF OUTPUT - D 
20kfl PER VOLT 
HFE DC AMP FA( 

- 'PEO LEAKAGE 

COMP 'E VALU 

.. 
YF-370 . . . . . . . . . . . . . . . '; 
Shipping, Handling and Ins.. 

1 is factory as: 
.. ~ e s  aiode protected n 
a fused input and an extra fuse. The switch assern- 
bly has double wiping gold plated contacts to 
assure years of trouble-free service. At this low 
n+e buy two ... one for the car and one for the shop. 

Every 
incluc 

sernblec 
ieter rn 

-. 

I, testec 
ovemen . . 

I, and 
t with 

l x  l k x  l M  
. . .. .. 

SPECIFICATIONS 

TERMS: MC - VISA - A€ - Check - M.O. - COD in U.S 
Orders outside of USA (L Canada. please add 55.00 additional 
air shipment. California residents add 6% Sales Tax. 

DSI INSTRUMENTS, IN 
4 Ronson Road. Dept. G, . 

Accursy 

+ 3% fs 

Msnuremmt 

DCV 

rc. 
o. CA 92 

ACV 0 - - 250V - + 4% fs 
100 Hz to 3OkHz 

DCA 0 - 5ma - 25ma + 3% fs 

Messuremenl Renga 

0 - . l V  - .5V - 2.5V - 
1OV- 50V - 250V- lOOOV 

San Dieg 



REMOTE CONTROLLED 
ANTENNA SWITCHING LETS 
YOUR FEEDLINE WORK HARDER. .  . 

th ind icotor  l ights 
and a control cable between 
the operating position and MODEL 60 

emote Antenna Switch 
SISOEO + $ 3  sh ipp ing  

Eliminates the tangle of feedlines and manual 
switches usually associated with multiple antennas. 

With 3kW power rating, high-speed low-loss 
operation, rugged weather-proof construction 

and LED indication of antenna in 
use, i t  adds up toTHE solution 

to your antennaswitching problems. 

Order factory-direct or write 
for complete information on 
our line of available models. 

8POLE 350 Hz FILTER FOR SlGNALlONE TRANSCEIVERS $120.00 

Finally! Superior 8-Pole CW Selectivity for 
Drake TR-4, TR4C. TR-4 Cw 
3% $ 3 ,  em OW r, .I - cI19. MIU *I. * 1 ~ 1 , -  1- em* LIIIII- 
TWCW l n a r r l  m .I L* mm ,vr .I ann cr m m  slww s l r h  

m l.",,,"?,..a .,' ,,ow 

At Lastl Superior 8-Pole CW Selectivity for 
Kenwood TS-820 
U l N l U I L  L O Y I  I* * , I  Li,iill 310UlL 7ONOlSl  150 "1 .I w 8YI " l  .l - 
<u,, (lUU Y-... nwl.r I?,... %lanlu.a V G W C  G n u  C I  IIIa.t l n , r n  I. S m  W r  -8 Mn. 
.,,., IAUI*,., Od,  C I  1 W 8  ,,wm 

,.",...r!n ..,, , ,,.. .,.? ,,.,,. I,.", ,,,. ,n"" nq*"n.lr."-q ""," ll"m.,C.l. ,ma, 
I... ,".I*,IU.*,l.,m,",lr 1,11.. U.".*." Ih..hrnR "I I I I IX.L.m.l, . l . IU.d."O 

1268 South Ogden St. 
ll,, " ~ - m  -..., ..u..m ,",.r-,,l.,,"n-."m."I1ll,.l~on Onlll!" .... 11...1111"1.1"l.1 

CC <IXlrT -" I. mn".,,", I., In. I.i.,", .-I ..I.. '*,,C**( I.* ,.,n<. ,*.<).I ", l l "8. ' I"  

Denver. Colo. 80210 
EF * X V ~  m w IM.~.~.-,~L I,, trim 

125 Hz 8-Pole Second-IF Filter for Drake R-4C Money back ~f n o t  satisfied 
3 ,  "",la,.. ,m*,., ,I*.,IC,,,.""M *I"l!"lol.nlront"l*al. "n..-ll*l 
""C, <,- ,nn l,,, a h" ,""I ..",,O I.11.1 01, tl. "W. * I , I "  I.". . d l 0  

,,I,.,, PY,, ..,.cI, ",,. ," I C C  I-. UP,,,. -,,tl .w,,ll 1,11..1. ,1.,1. CI""01ld l lRnU" 

,,",A ,.,,. l* ,",we r., ,,,* -8, "*..,.dlo !,I,., I" .m,"- I.L.I1l ,-1I,III."III. 

P , L , ~ "  ,,.., ,. ,",,, .nxm,a,r t,,,., ,,ll.l ,>* ,!"I< 4C Cr ,=I , It0 w 

AT YOUR D E A L E R  
7 

8 1 L U 1 S ~ T l l P S ~ l l S U l l T O I S  
P R O f l S S l O M l l S  • Q U l O  P l l T S . 1 1 1 1 1 1 1  K l I S  

W O R l O W l O I  1:10R4:1 • #OOM/M1ST MOUIIIS. WIRE 

O Y I R  1 2 1 t l R S  . C L B L t - C O N I l C T O l S  

rTLeOrigvnal L~ghtmin( Atfes1 
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RF-440 rf speech processor increases 
talk power wi th  splatter-free opera- 
tion. Models CS-201 and CS-401 co- 
axial switches ensure high isolation 
- better than 50 dB at 300 MHz, and 
better than 45 dB at450 MHz. 

A broad line of interference filters 
includes highpass, lowpass, audio, 
and ac power-line filters. For addi- 
tional information, contact Jerry Hall, 
Operations Manager, J.W. Miller Di- 
vision, Bell Industries, 19070 Reyes 
Avenue, Compton, California 90224. 
Telephone (213) 537-5200. 

short circuits 
grounded-grid 
matching circuit 

The author inadvertently supplied 
the wrong schematic for the wide- 
band grounded-grid matching circuit 

published in  the March, 1979, issue of 
ham radio. This schematic shows the 
correct matching network. All induc- 
tors are in pH and capacitors in pF. 

phase coherent 
R l T Y  modulator 

The schematic d iagram o f  t he  
phase-coherent RTTY modulator  
published in the February, 1979, issue 
of hem radio contains an error. The 

resistor between pin 7 of U1 and the 
LOW-ADJUST potentiometer should 
be 10k. The op-isolator t o  be used as 
a current loop interface should be 
connected as shown here. 

90 august 1979 More Details? CHECK - OFF Page 110 
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AN l tN 

A C T I C A L  AN 1 tNNAa Is n o r  q u  
y o f  t h e  o t h e r  h a m  a n t e n n a  b o o k s .  w r l r r e n  
a k n o w l e d g e a b l e  DX 'e r ,  t h i s  n e w  b o o k  

c h o c k - f u l l  o f  h e l p f u l  h i n t s  a n d  sugges-  
n s  o n  t h e  h o w - t o ' s  o f  p u t t i n g  up a 

SHORTWAVE PROPAGATlOh p e r  a n t e n n a  s y s t e m .  C h a p t e r s  i n c l u d e  

LNDBOOk o r m a t i o n  o n  d e s i g n  a n d  c o n s t r  
ac t i ca l  Yag is ,  q u a d s  a n d  w i r e  t 
i n a s .  I n s i d e  y o u ' l l  a l s o  f i n d  a ( 

F o r  m a n y  h a m s ,  b o t h  n e w  a n d  o ld ,  r a d i o  w a v e  p r o p a g a t l o n  ~ l i o g r a p h y  o f  a n t e n n a  a r t i c l e s  11 
is s t i l l  a m y s t e r y .  R e a l i z i n g  t h i s ,  t h e  a u t h o r s  w e n t  a b o u t  p o p u l a r  a m a t e u r  p u b l i c a t i o n s .  C h a r t s  a n d  
t h e  t a s k  o f  p r e p a r i n g  a s i m p l i f t e d  t e x t  t h a t  c o u l d  b e  u n d e r -  t a b l e s  a r e  d e s ~ g n e d  t o  e l i m i n a t e  a l l  t h o s e  
s t o o d  b y  h a m s ,  s w l ' s  a n d  e n g i n e e r s  a l ~ k e .  S t r e s s  h a s  b e e n  t r ~ c k y  c a l c u l a t i o n s .  A n d .  S C E L B I  h a s  in- 

g i v e n  t o  s i m p l i f i e d  e x p l a n a t i o n s  a n d  c h a r t s .  T h e  a u t h o r s  c l u d e d  a l ~ s t  o f  c o m p u t e r  g e n e r a t e d  b e a m  
a l s o  d e t a i l  a s i m p l i f ~ e d  m e t h o d  o f  do-11-yoursel f  p r o p a g a t i o n  h e a d t n g s  f r o m  m a j o r  p o p u l a t i o n  c e n t e r s  t o  
f o r e c a s t i n g .  T o  a s s i s t  y o u r  f o r e c a s t i n g  e f fo r t s .  t h e  b o o k  a l l  t h e  countries o f  t h e  w o r l d .  A n e w  f o r -  
c o n t a i n s  a c o m p l e t e  l i s t i n g  o f  t h e  1 2  m o n t h  s m o o t h e d  s u n -  m a t ,  l a r g e  easy- to - read  t e x t  a n d  d u r a b l e  
s p o t  n u m b e r s  s i n c e  1 7 4 9 .  J o i n  t h o s e  w h o  k n o w  h o w  t o  v i n y l  c o v e r  m a k e  P R A C T I C A L  A N T E N N A S  a 

p r e d i c t  w h e n  w i l l  o o e n  t o  s o e c i f i c  " m u s t "  f o r  e v e r y  a m a t e u r  l i b ra rv .  0 1 9 7 9 .  
w o r l d .  (91 9 7 '  
O C O - P H  

ARRL Radio Amateur's LICENSE MANUAL 
' l t . ~ r ' i ~ . s ~  ,11111 olid.ttt~il i t . r , , io l i  ,!I t t ~ t ,  I,(,L),II,$' A i i l i l  1111.11..1. hq. ! ' ,~~ . !  h ' .' 
x : ( I O ~ ~ A I  ~ ~ i ' r  .I 1,1111-5 i ~ ~ o i e  { a l l i  I ~ J I ~  i31h t.flitlll~i '+OW W I I ~ ~ P ~  I N )  H e r e ' s  a n e c e s s a r y  companion t o  a n y  g e n -  

d convelsdl~onal style w!lli l r t l t l l~plc choite QL~C~IIOI~S St1n11,tl 10 l C C  exdrn Iof 
Tech General Advanced and E x l r r  Slody gutde provldrd lor Novlce Most era1 c o v e r a g e  r e c e i v e r .  I n  this c o m p l e t e l y  
I IPIO-~~IC comp~lai~on ot rules and reguia!lons - a must lor evrry acf~vs n e w  e d ~ t ~ o n  o f  t h e  v e r y  p o p u l a r  CFL IS t h e  
Amaleu! 168 pages 1974  ales st edttlon avatlable m o s t  r e c e n t  l i s t t n g  o l  s t a t ~ o n  f r e q u e n c ~ e s .  
1-JAR-LG S o f t b o u n d  $4.00 c a l l  s l g n s ,  l o c a t ~ o n s ,  e rn lss lon  m o d e s  a n d  

p o w e r  f o r  l u s t  a b o u t  a n y  r n t e r e s t l n g  n o n -  

THEARRLANTENNAANTHOLOGY h a m  s i g n a l  y o u  c a n  p ~ c k  u p  f r o m  4 t o  2 6  
MHz. S t a t ~ o n s  a r e  l i s t e d  b y  f r e q u e n c y  l o r  

b y  t h e  A R R L  s t a f f  e a s y  i d e n t t f ~ c a t ~ o n  a n d  loca t ion .  F r o m  f o r -  
Th~s brand new book pulls logelher a wade selectton of anlenna arttcles e l g n  m l l l t a r y  t o  w e a t h e r  b r o a d c a s t s ,  t h e  
lrom OST Wrltlen lor Amaleurs 01 all levels and Interests Included are 
phased arrays, vert~cals. Yagl's even the VHF Ouagt' Delalled Instruc. 
llons and lull ~lluslratlons make this a really uselul book lor any Amaleur 
152 pages ; 1979 
L . A R - A A  S o f t b o u n d  $4.00 

80 METER DXlNG 
b y  J o h n  Oevoldere,  O N 4 U N  

Golng lor 5 Rand DXCC or lusl looklng lor a new OX challenge7 Thls IS pos- 
~l lvely Ihe last word on worklng 80 nleter DX The aulhOr combtnes hrs 
many years 01 80 meter operallng experlence w ~ l h  lhal 01 olhers l o  produce 
chaplers on propagalton, antenna syslems. stallon equlprnenl and Inlerna. 
Ilona1 operallng pracllces pecultar to 80 - all In a handy scrapbook lormal 
Whal are Ihe besl tlmes lo be on7 What's the best anlenna? You'll l ~nd  
answers lo lhese and many more 80 meter queslcons 80 pages 1978 
[_ I  HR-BOM S o f t b o u n d  $4 .50  

THE RADIO AMATEUR ANTENNA HANDBOOK 
b y  W i l l i a m  I. Orr, WGSAI ,  a n d  S t u a r t  C o w a n ,  W Z L X  

If you're ponderlng whal new dnlennas to put up l h ~ s  summer, we recom. 
mend you read lhjs very popular book 11 conlams lots ot well llluslraled "am Radio's Bookstore 

-. 

cons~ruc~ton prolec~s lor verltcal. long wtre, and HFiVHF beam anlennas Greenville, NH 03048 - 
Rul. vou II also oel ~nlormal~on no! usuallv lound In anlennd books !here IS 

i t e  l i k e  
- ... -....- 

u c t i o n  o f  
y p e  an- 
:omp le te  
r o m  t h e  

I an honest ~uaomknt 01 anlenna oatn ~ ~ o u r e s .  tntormat~on on me beSl and I 
worst an~ennd~oca~~ons  and hel$hlS A o n g  look a1 Ihe quad vs Ihe yagl 
antenna lnlormat~on on baluns and how lo use them and some new ~nlor  
mallon on Ihe ~ncreds~ngly popular Sloper and Della Loop anlennas The 
rex l  IS based on proven dala plus pracl~cal on Ihe alr experience We don I 
expecl you II agree wtlh everylhlng Orr and Cowan have lo say bul we are 
convlncrd lhal Tha Radio Arnalaur Anlanna Handbook w ~ l l  make a valuable 
and ollen consulled addlllon l o  any Ham s lhbrary 190 pages 1978 
I - IRP-AH S o f t b o u n d  $ 6 . 9 5  

GOING SAILING WITH AMATEUR RADIO 
Are you into salllng7 lhen you need GOING SAILING - an exlremely help 
lul book espec~ally lor the boatlng and yachllng enlhuslasl who wants to 
lncorporale Amateur Radlo In h ~ s  shtp s gear Whelher 11 18 lusl lor lun or 
safely measures brlnglng Amaleur Radto aboard makes a lo1 ot sense Nexl 
llme you re headed lor sea lake Amaleur Rdd~o and a copy o l  l h~s  greal 
new book lor tong range radto comrnunlcatlons 64 pages 1978 
LI HA-GS S o f t b o u n d  $3.95 



VERY In.Drest-lngl Next 3 issues $1. "The Ham Trader", 
Sycamore, lL 601 78. 14 Pin DIP extender cable. \ I 

36"  long with MOLDED &/+ plug each end. Highest F- quality $2.00 ea. 2- 
6 for $10.00 

FOR SALE: Heath 50-230 Linear, 80 through 10 meters, 
perfect, factory aligned, $395. Heath 10-4541 Oscillo- 
scope, perfect, factory aligned, with PKW-105 Combina- 
tion Probe, $130. Sabtronics 2000 DMM, perfect, $45. 
KZRHK, (212) 877.8539. flea ~t market 
BUY.SELL.TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204. (913) 381-5900. - 

Molded bridge rectifier. 100 
volt PIV @ 2 amps. 45c ea. or 

5 for $2.00 ppd. 

Photocell - first quality plastic 
encapsulated. Dark resistance 
100 megohm; Lite resistance 150 
ohms. 20c ea. 6 for $1.00 ppd. 

QSL's 24 hour service. Why wait? New, strong designs. 
Get more action for your money. Send 254 for catalogue. 
samples. DX Majic, Dept. A, 2448 Channing, Berkeley, 
CA 94704. -- 

RATES Non-commercial ads 106 per 
word; commercial ads 600 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations receive one f r e e  Flea Market 
ad (subject to our ed i t i ng ) .  Repeat inser- 
tions o f  hamfest ads pay the non- 
commercial rate. 

COPY No spec ia l  layout or ar-  
rangements available. Material should be 
typewritten or clearly printed ( n o t  all 
capitals) and must include full name and 
address. We reserve the right to reject un- 
suitable copy. Ham Radio cannot check 
each a d v e r t i s e r  and thus cannot be held 
responsible f o r  claims made. Liability f o r  
correctness of material limited to cor- 
rected ad in n e x t  available issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenv i l l e ,  N.H. 03048. 

Single RCA type jack. High 
quality factory new. 15c ea. 

8 for $1 .OO 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessorie . ture. Estes Engineering. 930 
Marine Dr., Port Angeies, WA 98362. - 
KWM.2 plug in relays, Notch filter 516-F2 Overhauled 
Retubed $650.00. SB-101 HP 23 B Overhauled Retubed 
$275.00.SB-650 Checked Serviced $135.00. SB-104A CW 
Filter power supply, speaker, mike $500.00. K4AA. Horse 
Shoe, N. C. 28742. (704) 891-4953. Cert. Check - Shlp 
Pre~aid. 

7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 high. Real nice. 

7% each 

Jumbo LEDs. .2  inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 

4POT Relay, 12  VDC coil, Potter 
Brumfield. 5 amp contacts, lac- 
tory new of course, a beauty. Also 
available with 24 VOC coil. 

$1.90 ea. ppd. 

Vertical Mount Trimmer Pots 
- All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K - 250K - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1 .OO ppd. 

RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$50. Walter. 2697 Nickel, San Pablo. Ca. 94806. 

FIBERGLASS VAULTING POLES: Perfect Quad spread- 
ers or VHFIUHF booms. SASE for info. KBWSE, Box 
1032H. Cedar Park, TX 78613. (512) 259-2164. 

MUSEUM for radio historians and collectors now open. 
Free admission. Old time amateur (W2AN) and commer- 
cial station exhibits, 1925 store and telegraph displays, 
15,000 items. Write for details. Antique Wireless Assn., 
Holcomb. N. Y. 14469. 

MOSLEY 10.15 meter beam. If you already have a 20. 
meter monobander, here's an excellent way to get on 
10-15. $75 plus shipping. Would prefer local pickup. 
however. Craig Clark, P.O. Box 83, Greenville, New 
Hampshire 03048. 

HEATH SB.101 XCVR $350, SB.200 Linear $350, SB-630 
Console $95, SB-600 Spkr. $20. HP-230 Pwr $60, Heath 
CW Filter $30. All mint, satisfaction guaranteed. Also - 
W4UX type keyboard $90. Want SB-110, SB-610 - 
W4UKU Jerry Flanders. 411 Urquhart Dr.. Beech Island. 
S. C. 29841. (803) 827-1629. - 

EBC 144 Jr. - 2-meter synthesized FM transceiver. Air- 
craft quality construction throughout. Super sensitive 
receiver, not prone to interference even in strong RF 
fields. Transmitter has solid audio, and in excess of 15 
watts output. Modified to Include lights over synthesizer 
switches. $200. Craig Clark, P.O. Box 83, Greenville, 
N. H. 03048. 

Highest Quality E. F. John- 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 
90c each; 10  for $7.50 ppd. 

DRAKE B.LINE w1160M $750. M ~ n t  IC211 $750. Johnson 
KW Matchbox wlswr $165. K4TO. 1205) 536-6546. . .  . 

REWARD: $25.00 for the following technical manuals: 
Alfred 6551 sweep generator, Micro Power Model 221 
sweep generator. Marconi TF 8680 LRC bridge. Also I 
am looking for the following items: Plug-Ins for Alfred 
6551 and Micro Power sweepers. General Radio: 1607A, 
1602-P3, 1209C, 12158, 900DP, 874LKlOL, 874LK20L. If 
you have any of these manuals or other items please 
phone collect (503) 327-3827, W7LDO - Cliff. 

WANTED: Com-key %416 Western Electric or Amtron 
handsfree telephones. Bearer. 65 W. 69th, NYC 10023. 

SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/all hard- 
ware. $1.35 ea. ppd. 

RM.300 RTTY MODEM, the complete TU and AFSK 
generator on one board. This modem featured Sept '78 
HAM RADIO. Complete documentation $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com- 
plete RM-300 or RP-400 kit less PROM $71.25. PROM pro- 
grammed with your call $7.00. WA6DNR Eclipse Commu- 
nications, 5 Westwood Drive, San Rafael, CA 94901. 

WANTED: Will pay reasonable price for wired and work- 
ing E&L's MMD-1 microprocessors. Gearald Malseed; 
8102 LaSalle Rd., Towson, MD 8254266. Leave phone 
number, will call back. 

Just arrived - thousands of ICs. Re- 
moved from sockets on new P.C. boards. 
All marked with standard numbers and 
in the 7400 series. Examples of nos. are 
7486-7495-7496 etc. Chance of a life- 
time. Sorry no choice of numbers. We 
mixed them up. 50 for $7.50 ppd. 

100 for $12.50 ppd. 

Transformer: 115V AC Primary, Secon- 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10 Amps intermittent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 

WANTED: Heath HO-10 monitor scope; please quote 
price and condition In first letter. Jim Fisk, WlHR, HAM 
RADIO, Greenville, NH 03048. 

MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat- 
ing coil changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each - contact 
your local dealer or order from Anteck, Inc., Box 415, 
Route 1, Hansen, ID 83334. (208) 423-4100. Master 
Charge and VISA cards accepted. Dealer inquiries 
invited. 

b 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rad~oAustr#a Ham Radio Holland 
F Bastl MRL Ectron8cs 
Hauptplatz 5 P O S I ~ U S  68 
A 2700 Wiener Neustadl NL 2204 Delft 
A ~ ~ t r l a  Holland 

Ham Radlo Belglum 
Stereohouse Ham Radio llaly 
Br~ESelSeSlee"Weg416 STE via Manlago 15 
8 9218Genl 
Belgium 

1201 34 Mllano 
llaly 

Ham RadloCanada 
Box 400 Goderlch 
Onlarlo Canada N7A 4C7 ~ : ~ ~ ~ ~ ~ ~ W 1 1 2 e r l a n a  

Ham Radlo Europe 2454 
BOX 444 

D 7650 LoertaCh 

S 19404 Upplanas Vasby Germany 
Sweden 

Ham Rad80 France Ham RadloUK 
Chrlstlane Mrchel P 0 Box 63 Harrow 

F 89117Psrly Mlddiesex HA36HS 
France England 

Ham Rad80 Germany 
Ksrln UeDer Holland Radlo 
Po~ t l ach  2454 l43Greenway 
D 7850 Loerrach Greenslde Johannesourg 
Wesl Germany R e o u b l ~  o l  South Atrrca 

ATTENTION: UHF and Microwave Amateurs, at last a 
single source for your stateof-the-art Preamplifier and 
coaxial components. Send for free catalog. Cascade 
Microwave Labs, Rt. 1, Box 25, Jefferson, OR 97352. - 
QSL CARDS 500/$10.400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Haward, St. Louis, MO 63130. - 
AUDIO FREQUENCY GENERATOR: Heath 16-1272. 
Pushbutton plus variable frequency selection. Callbrat- 
ed output. Brand new condition. $120 new, sell for $75. 
MFJ random wire antenna tuner. $15. Ameco TX-62 6 8 2 
meter AM and CW transmitter. 80 watts. $50. WBBIKJ, 
Box 246, Portage, MI 49081 or call (616) 3757469 after 6 
EDT. 

ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 

PA RESIDENTS ADD 6% SALES TAX 
FONE 41 2-863-7006 

ELECTRONIC BARGAINS. CLOSEOUTS. SURPLUS! 
Parts, equipment, stereo, industrial, educational. Amaz- 
ing values! Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCQ012. 
BOX 762, Plattsburgh. N.Y. 12901. SURPLUS WANTED. 
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For the best deal on 

AEA l Ameco ASP l Atlas 
Belden l Bencher l Bird 
CDE CIR CES l Cushcraft 
l DenTron l Drake l Hy-Gain 

Icom l KLM Kenwood 
Larsen l MFJ l Midland 
l Mosley NPC l Newtronlcs 

Nye l Palomar l Regency 
Shure l Swan Standard 
Tempo l Ten-Tec l Tonna 
Transcorn l Wilson Yaesu 

NEAR CHICAGO? 
COME IN AND SEE US! 

Tlm WBBSBL and Mike WNQANF 
sewlng you! 

CALL TOLL FREE 
FOR THE ERICKSON PRICE! 

OUTSIDE ILLINOIS: 1800) 6 2 1  3802 

Hours: 
9:M-530 Mon.. Tuas.. Wad. 6 Fri. 
930-9:00 Thursday 
9.00.3 00 Saturday 

94 august 1979 

FREOUENCV ALLOCATION CHART. See how the entlre 
radio spectrum Is used. 2 kHz l o  200 GHz. Send $3.00 
Calllns Chart CO.. Box 935. Coronado. CA 921 18. 

- 
RlTY - Bandpass acllve llller 212512295 Hz, kit - 
$11.95, WIT 116.95. NS IA  PLL Demodulator WIT $26.95: 
kil - 519.95: board only $4.95. All postpaid. SASE lor 
Info. Nat St~nnetle Eleclronics, Tavares. FL 32778. 

HEATHKIT SB.200 Like new $385: SB.102 wllh extra 
lubes 1 CW liller $355; HP.23 Power supply $43: SB.6W 
Spkr. $23: New Shure 444 mic In box $30; Drake L.P. llller 
new $18: Symlek RF preamp $40. All or part - write 
K3FOD. 120Emblelon Rd..Owings Molls. MD21117. 

-- 

WANTED: Hllllop properly near Pollock Plnes. Calllor. 
nla. WAGCOA. 4 Alax Place. Berkeley. CA 94708. 

MOTOROLA 150 MC desk top FM recelver 520: HP205AG 
Lab type Audio Generator $75; Factory manuals. RCA. 
G.E.. Motorola - $5.00 each. K6KZT. 2255 Alexander. 
Los Osos. CA 93402. 

CALL TOLL FREE lor an EZ deal. 800.247.247611793, 
lowa call BWM2.2371. See ad elsewhere. WBEZ. Bob 
Smith Eleclronics. RFD 3. Fort Dodge. lowa50501. 

FERRITE BEADS: wlspeclllcatlon and appllcallon sheet. 
121Sl.W. Assorted PC pols . 1WSl.W. Mlnialure mica 
Irimmers. 3-40 pF. . 51Sl.W. Postpaid. Includes latest 
catalog. Stamp lor catalog alone. CPO Surplus. Box 189. 
Braintree. MA02184 

- 
RRY AFSK Modulator PC ha rd .  See Feb. 79 Ham 
Radio. Drilled 55.00 F. E. Hlnkle. 12412 Mossy Bark. 
Austin. TX 78750. 

- 
€2 deals are the besll Tfy me and see lor Yaesu. Drake. 
KLM. Swan. Cushcratl. DenTron. VHF Eng., ICOM. CDE. 
Hustler. Wllson and more. Call, see or wrlle WOU. Bob 
Smlth Eleclronics. RFD 3, Hwy 169 1 7. Fort Dodge. IA 
50501. (51 5) 5763886. 

WANTED: Motorola KXN 1024 and KXN 1052 channel 
elements. WAGCOA. 4 Ajax Place. Berkeley. CA 94708. 

THE MEASUREMENT SHOP has usedlrecondllloned 
Iesl equlpmenl at senslble prlces: catalog. 2 West 22nd 
St.. Ballimore, MD21218. 

MANUALS lor mosl ham gear 183711970. Send 2- lor 
"Manual Catalog." HI. Inc.. Box H884. Councll Blulls. 
lowa 51502. 

- 
WRTA PAK - Make your FM moblle a self-conlalned 
portable. Models In slock lor most popular makes. 4.5 
amp hr model W.W.  9 amp hr Sl03.W. Charger lnclud. 
ed, shipping extra. P.O. Box 87. Somers. WI 53171. - 
WANTED - Radlo lranscrlpllon dlscs. Any slze or 
speed. Law. W7FIZ. Box 724. Redmond. Washington 
98052. 

TEST EQUIPMENT CATALOG llsllng uaed Tektronlx. HP 
and GR equipment at bargaln prices. PTI. Box 8699. 
Whlle Bear Lake. MN 55110 Price f1.W refundable with 
lirsl order. 

STOP LOOKING lor a pood deal on amateur mdlo equip 
men1 - you've found it here - at your amateur radio 
headquarters In the heart 01 the Midwesl. Now more 
than ever, where you buy Is as important as whal you 
buy! We are laclory.aulhorized dealers lor Kenwood. 
Drake. Yaesu. Collins. Wllson. Ten-Tec. Allas. ICOM. 
DenTron. MFJ. Tempo. Regency. Hy-Gain, Mosley. 
Alpha. CushCralt. Swan, and many more. Wrlle or call us 
loday lor our low quote and Iry our personal and lrlendly 
Hoosier service. HOOSIER ELECTRONICS. PO Box 
2001. Tene Haute, lndlana 47802. (8121 2381456. 

FREE SAMPLE COPY. Buysell-Trade publicallon - 
haWcomputer gear. 53.25 subscrlpllon Includes 5 llne 
a d  Wrlle Leclronlcs Emporium. P.O. Box 826H. Derry. 
N. H. 03038. 

SATELLITE TELEVISION - movlss, sports, elc Build or 
buy your own Earth Statlon Send $3 W lor ~nlormallon 
Salell#teTelevlsoon Box 140,Oatofd N Y 138X) 

-- 

PERFECT SSB RECEIVER: Drake R.4. MSd matching 
speaker, 28 exlra crystals, manuals. L w k s  and works 
like brandnew. Will shipanywhere. S285or best oller. W. 
Calvert. WABEZY. 21114.94th Avenue North. Port Byron. 
111. 61275. 

HAMS: CUSHCRAn HAS OPENINGS lor people wllh 
experience In buildlng and evaluating antennas. I1 you 
have experimented with antenna designs and have made 
Qatn and patlern measurements, call or write loday. 
Cushcrall Corporallon. 48 Perimeter Road. Manchester. 
New Hampshire 03103. Tel.: (6031 627.7877. 

4": shaft  %"x3" 
M o d e l  TCZ: Sk i r t  2-118"; 

*TELESCOPING (CRANK UP) 

*GUYED (STACK-UP) * TILT-OVER MODELS 
Easy to ins ta l l .  Low Prlws. 

C r a n k - u p s  to 100 11. 

Four S r W n  W FL 
Van Younkd CnnkUp  

Alum* T a m  

I Don't be absu rd ,  b u y  a B I R D !  1 
. . . from your Bird distributor 

,(-I 1 MODEL 
43 0'; $125 1 

ALL ITEMS AND ELEMENTS 
ORDINARILY IN. STOCK 

Prepaid Shipment in Continantal USA Only I 
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4CX1000 4-65 4- 
4CX1500 4-125A 4- 

RF DIRECTIONAL WATTMETER 
with VARIABLE RF  

SIGNAL SAMPLER - BUILT I N  
IN S T O C K  F O R  PROMPT DELIVERY 

A U T H O R I Z E D  D I S T R I B U T O R  

a s s o c i a t e s  
115 B E L L A R M I N E  

ROCHESTER,  MI 48063 

CALL TOLL FREE 
800 - 521-2333 

4 

TEST EQUIPMENT 
All equopmcnl llsled i r  oprrattonal and 

uncona~lmndllv guaranteed Monrv back 01 not 
5alll l lcd Pr1cc1 I#StPd are FOB Monroe 

Boonton l9OA Q m l r  20 260MHz 
Q 5 1200.. . . . . . . . . . . . . . . . . . . . . . . .  . . 3 9 5  

G R  IOOlA Stands ig  gen 5kHz 
5OMHz c a l i b a t t n  . . . . . . . . . . . . . . . . . ,255 

HP17OAlUSMl40)  3OrnHzscopewith 
r e y  horiz,  dua l  t race ve r t  p lugs . . . . . . 475 

Tek565 Dua l  beam IOrnHz scope 
l essp lug  ins 13series) . . . . . . . . . . . . . . .  625 

URM25  Stand Sig Gen lOkHz 5OMHz 
c a l i b a t t n  . . . . . . . . . . . . . . . . . . . . . . . . . .  225 

Weanschel 70 Prec R F  a t t n  DC 
l g H Z 0  60db.ldbStCpS4W . . . . . . . . . . . 395 

La~150~lddteO Wr~tesper~ lv~nqtes l  
Pqu8prnrnl nprds Ou8ck rrsponsr .,%lured 

G R A Y  Electronics 
P.O.Box 941, Monroe. Mich. 48161 

Sprr ~ r l ~ z r n s  in u5ed test equlpmrnl 

Coming Events 
ILLINOIS: Fox River Radlo League Hamlesl. Kane Co. 
Falrgrounds Exhibttlon Hall. St. Charles. - Sunday. 
August 26th. T~ckets: 11.50 advance - 12.00 at gale. 
Contacl. Martin Schwamberger WBSTNO, 1051 North. 
field Drive. Aurora. IL60505 

RADIO EXPO '79. Seplembr 15 and 16. Lake County 
Falrgrounds. Roules 120 and 45. Grays Lake. Illlnols. 
Manufacturers' dlsDlays, llea market, semlnars. ladles' 
programs. Advance tickets $2.00. Wrlle EXPO. P.O. Box 
305, Maywood. IL 60153. Exh~bltors lnqutrles: EXPO 
Hotline (312) 3452525 

CINCINNATI HAMFEST: 43rd Annual - Sunday. Sep 
tember 16. 1879 at Strickets Grove on Slate Route 128. 
one mile west 01 Ross (Venice) Ohio. Exhlblls. prizes. 
food and refreshments available. Flea Market (radio 
related products only). Music. Good Fellowsh8p. Hldden 
Transmitter Hunt and Sensational Alrshow. Admlsslon 
and Registration $4 W. For lurther inlormallon: Lilllan 
Abboll. KBCKI. 1424 Main St..C~ncinnali. Ohio45210 

CONNECTICUT: Third annual WELl ARC Flea Market. 
August 25. Radlo Towers Park. Benham St.. Hamden. 
Dealers $5.00 gale: $4 00 advance. Refreshments. 
Admission: 506. under 12 tree. Rain date September 1. 
Send prereglstratlon to: WELl ARC. PO. Box 85. New 
Haven. CT. 

INDIANA: The annual LaPone Counly Hamlesl. Sunday. 
August 26, rain or shine. County Falrgrounds on Hlgh- 
way 2. west 01 LaPone. Paved outdoor llea market. 
Indoor display. Tables available S1.W each. Overnighl 
trailer hookups lor early birds. Advance tickets $2.00. 
SASE to P.O. Box 30. LaPorte. IN 46350. 

THE SANGAMON VALLEY RADIO CLUB of Sprlngfleld. 
l l l~nols holds lts Fourth Annual Hamlest on Sunday. SeD. 
tember 23rd Locatlon - Sangamon County Falrgrounds 
In New Berlin 16 moles west o l  Sprlnglieid Indoor 
dtsplay area and covered pavtllon Hear Randy Rowe 
NOTG talk an the Navassa DX pednllonl Varlous exhlblts. 
klds acl~vities and food avallable Overnlle camplng 
Forst Prlze Atlas RX1101TX110 wlth power supply Tlck. 
ets $1 50 advance $2 00 gale Inlormatban John Sams, 
WA9KRL. S V R C ,  1025 Soulh SlKth. Sprlngfleld IL 
62703 

KANSAS: The KansaSNebraska Radlo Club's 28lh annu. 
a1 Hamfesl and Flea Market, Saturday. Augusl 11 and 
Sunday. August 12. Cloud County Commun~ly College. 
Concordla Technical talks Banquet Saturday, 7 PM 
Hawallan style luau. Sunday noon Big prize drawing 3 
PM For lnlo WWOO. 00x404, Beloil. KS67420 
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INDIANA: The 2nd annual Hwsisr Backyard Hamtest. 
September 8. Hensonburp Schoo . Blwmlngton ATV, 
ATV RPT. SSW demonslrat1ons. home compuler show. 
ondoor swap, relre5hmenls. door Pllzes Tlckels St 00 
per headover 12 Talk ,"on 147 78.18 lnqulrleslo HBYH. 
7381 W Hopnway 46 E lettsvol e. IN 47429 

BLOSSOMLAND: Fall Swap Shop. October 7. Berrlen 
County Youth Falrgrounds. Berrien Sprlngs. Mlchlgan. 
Large convenienl lacllllles and relreshments. Tables 
reslrlcled l o  radio and eleclronlc Items. Advance tncket 
donation S1.M Tables S2.W. Write Charles Whlte. 1940 
Unlon Awe.. Benton Harbor. MI 49022. Make checks pay. 
able l o  Blossomland ARA. 

ILLINOIS: 1878 National Ouarter Cenlury Wlreless Assb 
cialion Convention. September 7. 8 and 9. Chlcago. 
Scheduled tours: scenic. Central FAA Iaclllly, etc. Exhlb 
11s of early days of radio. Maln banquet - Frlday night. 
DXCC banquel. Saturdaynighl. 

THE MT. AIRY VHF Radlo Club (the Packralsl is pleased 
l o  announce the establishmenl and sponsorship of the 
Sam Harrls Memorial VHF Acllvlty Award. The purpose 
- to promote club actlvlty, portable operation. VHFl 
UHF contest operatlon. Rules tor the award: 1. The 
award woll oe gwen to the top scoring murt Operalor. 
portable stallon operallnp In Ins September ARRL VhF 
OSO Panv 2 TOP 9core delerm8nea by the ARRL uslnp 
their current contest rules for ellglblllly. The lop scorlnp 
station need no1 be an ARRL aftlllated club: 3. The win. 
ner must be a ponable operation Permanent slatlons 
are not eligible. Eligiblllly determined by MI. Airy VHF 
Radio Club. The Award: A trophy will be retained by the 
wlnning group for a period 01 one year at whlch tlme It 
will beexchanged lor a permanent, engraved trophy. 

NEW JERSEY: The DeVry Tech Amateur Radlo Club's 
third annual Ilea market. Salurday. August 11, In rear 
parking lot a1 DeVry Technical Inslltula. 479 Greet St.. 
Woodbridge. (Between Rt. 1 and Rt. 9.) Space $2.00. 
Admission: Free. 

I SST T-4 
I'l.I'H.\ TI'SBH IDEI.I'XE 

I 
SST T-2 ITI,TICA TZTNER 
I I,,,<. 1t111 5\\1< 111, 

,111, tlllll.!lllll-(.O1l.i 

ICclcar r~~1ttlr~oo8 511rc 
( ll~ll.lll ,,,C,<~,"l, 

.\n\- rlU-tq~ 1s) ~ O I I  
watts l<r l lt l l l)tl l 
I<t~UUrcl. urf cam. 
1""": 51.4' 1 L" i '  
x ? % - .  $437.95 

SST T-3 PIOllII,E 
IMI'EDASt1E 

. sc,,,, ,,,,,<.,,I, 
lar~l,.,,tl,r. only SZ9.96 
SSTIDlpl K#Hlal lDl'.W?lV l.l#,\IB. l ~ ~ ~ l ~ l \ \  1'1 I' 
I .5 I I-??5\I I I~ \LIIIIII : I  I k \l:l h 

only S17 .95  
SST 4'lrl t 4  I IH. CI.OCK. (;I~I~II r~',l #.ED 
III,IIIC~II. \II,I,~I, i l l l t~  <I~,V 111 llll.ll ,,r lbllllllll 
IIF;,IIII~'III Insr \ r w r  c1c.k I IIlY.\l 

nnly % 8 8 . 9 R  
SSTII-I ll,~l,l',V Jtzr l>,~l~,,~cr#l lint'. ~Ill l l lV. 

anly $45.88 
1'-11 12 181 :I:t&-SMM7 I n  nrd=r C.lB.lB.. VISA. 
.,r l lvr lcr  l'hmrec. 

ELECTRONICS 
1 l L 1  111 l X  1 LAWrdIJALf  ILALIf 
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.Fully Gumrant--d 

Van 
'9.95 , 

CCD 

Gorden 
Engineering 
BOX 21305, 5. LUCLID. OHIO 44111 

I Ham Gear I 

Fred~cIcks R T ~ Y  equtpmcn~ 
1550 synlhaslzar 
1500 HF rocelver 
I200 FSK dsmodulalor 

Complote packags 
Callins KWMZA transcswor. axc. md. 
Collins 7514 ham rscawar. vy gwd 
Colltnr 31285 Y l o  Ronrols, src 
Collins 75S3C. md, arc 
Colllnr I8OS1, antenna tuner 
Collins 3011. vv gd 
Colllns 516FZ. power supply 
Coll~ns R.3901 rcvrs. ororhauled Em cond 
Colllns 51S1. 2.30 MHz rcvr 
H8mmarlund SP.6OILIX. rcvr 
Coll~ns CP.1 Crystal Pack 
Coll8nr 32S3 ham Iranrmmn, vy gd 
Johnson 2kw Matchbox r l rwr  meter 

Test Gear 

I 
. - - - - - -. 

HP-6068 stgnd ponerator call 
Hamton 0-20 volt11 5 amp lab pntuppliet ea 139 50 
CR-1605A lmoadanra comoarator 1325 
Tek 605 sl0r)pe monllor 1150 
Tek plug-~ns available 53fME. 53154L. 53154P. 152. 

1011.2867, 3172. CA. 0. G. R. 1. U. 6.md W 
b~nI0n Rldro 225A rtn. nsn. 10-500 MHz $495 
Blue M temp controllei Atof balh 1250 
HP 2OOCO wlda range osclllorcops 1150 
M1as~r8menls Model 80 2 400 MHz 1295 
M~at~rsm~nIs Model 658 slgnal ganomor 1295 
Tllk 851 dlgllll 18sllr new W/ICCI~S c d  lor quole 

We stock Amateur and Professional 
equipment f r o m  manufacturers such 
as Collins. Hewlett.Packard, etc. 

A l l  equipment sold checked 
and realigned 

Write f o r  tree cata lw.  

We have the worlds largest selec- 
tion of synthesizers for receivers, 
transmitters a n d  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 

OHIO INTERSTATE QSO PARTY. August 25 and 26. 
1979 2 PM l o  12 PM EDT (18002.240021 each day. Oul.01- 
slate slallons work Ohio statlons, Ohlo slallons work 
anyone: once per mode per band. Repeater contacts per. 
m~tted, but salellite conlacls are not permilled. Out-01. 
state statlons send RST. serlal number 01 OSO and 
ARRL secllon or counlry. Ohio slations send RST. serlal 
number. and counly. No mulll.op. mulll.transm~ller sta- 
ltons are ellgible lor awards. Suggested frequencies: up 
5 kHx from lower endal General Class bands. Try lllleen 
melers on the hour and len meters on the hall-hour. 
18W.23002. For complete inlormal~on - Jell Maass. 
K8ND. 4410 Norwell Drive. Columbus. Ohio 43220. 

- 

TEXAS: The Panhandle Amaleur Radio Club's 1979 
Golden Spread Hamtest. Friday evening. Salurday. and 
Sunday, Augusl 10. I 1  and 12, The Inn 01 Amarlllo. 601 
Amarlllo Blvd. West. Amarillo. Preregistralron 14.00 per 
person by August 6. Al door - $6.00 per person. Swap- 
18~1. lech sessions, d~splays. ArmylNavy MARS meel- 
lngs and more Ladles' programs, free brngo, hospilal~ty 
hours Over $2000 W In major door prizes 

- ~ 

NEW JERSEY: Sussex Counly Amaleur Radio Club Ham- 
lest, Saturday. September 8.9AM l o  5 PM, rain or shlne. 
Sussex County Farm and Horse Show Grounds. o l l  
Route M6. Augusta Large indoor selllng area and lali- 
galjng. Buyers 11 00 lccket lncludes chance at door 
prozes. YL's. XYL's, harmonics l ree Indoor sellers: $6.00 
at dw r .  $5.00 advance. Tallgaters: 15 00 door. 14 00 
advance. TalK.ln on 147.90130 repealer and 146.52 
StmpIex. For reglstrallon and Inlo: Sussex Counly 
Amateur Radlo Club. PO. Box 11. Newlan. NJ 07860 or 
AC2A. Ed Woznlck~ (201) 852.3268. 

OHIO Union Counly Amateur Radio Club's Hamlest '79. 
August 26. Marysv~lle Falrgrounds. 30 m~les  NW o l  
Columbus. For info: Chuck S~mpson. Hamlesl Cham 
man. 19726 Delaware County Lnne Rd.. Marysville. OH 
43040. 

PENNSYLVANIA: The Mld.Atlanllc Amateur Radio 
Club's annual J.B M. Hamlest. August 19. BudCo 3W 
Twin Drive-in Theater. 3W Expressway and RI 63. Mont. 
gomeryvllle. 9 AM to 4 PM. Doors open 8 AM lor setup. 
Admission $2.50. $1 00 add~llonal lor lallgating. Non- 
Hams ~n pany tree. Relreshmenls avallable. Door prizes. 
raflle. Talk.," on 147.45. 146.52 slmplex and on club 
repeater. WB3JOE. 147.56106. Informat~on: Gene Hoenlg. 
WB3FTJ. 717 Amherst Ctrcle. Newlown Square. PA 
10073 01 call 12151 221 3666 days or (2151 3533281 eve 
ntngs or weekends. 

VIRGINIA: Fourth annual Tidewater Hamlest - Cornput. 
er Show - Flea Market will be held In the Norlolk. VA 
Cultural and Convention Center SCOPE October 20 and 
21. 1979.BO.M)Osquare lee1 of airconditioned exhibll and 
Flea Market la8lgatlng space are avallable. Doors open al 
9.00 AM ARRL meet!ngs. DX. Tralilc forums, plus a CW 
contest are scheduled. FCC Exams are planned lor ama. 
leu, upgradnng Salurday 9.12 AM. A speoal lealure wlll 
be a dlnner cruise and banquel on the Sptrll o l  Norlolk 
Crunseshtp Saturday nlght. Advance reglslrations 12.50 
(SASE). $3 M a1 the door. Flea Markel fallgate spaces 
S3lday. Crulse and banquel I16  per person. 130 Per 
couple. Tlckels and information - TRC P.O. Box 7101. 
Portsmouth. VA 23707. 

- 

WORKSHOPS. Two expanded workshops on 80801 
8083280 Mlcrocompuler Deslgn. Mlcrocompuler Inter 
laclng SoltwareDestgnand Dogrial Electronlcsare belng 
given by Ihe editors 01 the popular Blacksburg books 
Part~c~panls have the optlon of retalnlng the equipment 
Used ~n these courses Dales are October 1 l o  6. 1979 
For more ~nlormatlon Contact Dr Llnda Lellel C E C . 
VPI andSU Blacksburg.VA24061 - (7031961 5241 

PENNSYLVANIA: The Tioga Counly ARC'S third annual 
Hamlesl. Augusl 25. 9 AM l o  5 PM Tioga Counly Fair. 
grounds on Route 6M). Open and covered Flea Markel. 
Ladles' and harmonics' activities. Cralt show and RC 
Models. Rallle and door prlze every hour. Picnic or visit 
Snack bar. S1.W per head. Heads under 16 Iree. Talk.ln 
WA3DPVlRPT 146.19179. .52152 and CB CHNL 5. For info: 
Wells Farr, WB3CUF. 101 Sherwood St.. Manslleld. PA 
16933 or Don Klmble. AEJZ. Box IW.  210 Maple Street. 
Knoxville. PA 16928 

- 

PENNSYLVANIA: On Augusl 26 the FOR Venango Mlke 
and Key Club woll be at Drake Well In Tttusvllle to Cele 
brale the l2Mh anniversary of drllllng 011 An all band 
operation IS planned with a posslb~llty of novlce bands 
and OSCAR Look lor club call - W3ZIC Cerllltcates 
~ssued tothose wanllng them SendSASE l o  WA3YGO 

- 

VERMONT: Burlongton Amaleur Radio Club's Inlerna. 
tlonal Fleld Days. Augusl 11 and 12. The Old Lantern. 
Charlotte Outdoor Ilea market. Saturday and Sunday 
Bmgo prizes Model air show Camplng by reservatlon 
wtlh campground Admlsslon 13 00 U S  currency al 
gate or wrlte BARC. Box 312. Burllngton. VT 05402 

INDIANA: The Tippecanoe ARA's Lalayette Hamlest. 
Sunday. Augusl 19, T~ppecanoe County 4-H Fairgrounds 
located on lndlana Highway 25 In Lalayelle. Advance 
lickets $2.00 by August 10 Please SASE lo Carl Vlnyard, 
KB9DV. 10012 SR 26 East. Lalayelte. IN 47905 Preregls. 
trallon prlze: Wllson Mark IV Handy.Talkle and charger. 
grand prtze: Yaesu FT 227 RA. 2M moblle transceiver and 
many other prlzes. Flea markel. forums, relreshments 
Camplng on grounds wllh ltmlled hookups Frlday. Satur. 
day. Sunday nights only. Camping lee addtl~onal Gates 
open 600 AM Sunday. Games lor YL's and klds Talk-ln 
146.13.73repeaterand 146 52 simplex. 

IOWA: The Iowa 75 meter Net Plcnlc. August 26. Hickory 
Hills Park. Soulh of Waletloo Begannlng AM wolh noon 
polluck meal and brml program In alternoon Pr6zes elc 
For lurlher lnlo WBBJFF 

DUNES HOTEL 
LAS VEGAS, NEVADA 

JANUARY 10-13,1980 

CURTIS LSl's 
help you 

8044; Keyer.On-A-Chip' lnerurrs ao43). $14.95 

Ip, 75 HR. h D  '76 OST. Radio Mbh '75. l p r  IMW '77.78 
* 8044-3; IC,PCB.Sockel.Manual. . . . . . . 24.95 

8044.4: Semi.Kit . .  . . . . . . . . . . . . . . .54.95 

8045: Morse Keyboard.On.A.ChipIC.. . 59.95 

8045.1; IC.PCB.FIFO,Sock~lr.Mtnu~l . .89.95 

8045-2; Semi.Kil . . . . . . . . . . . . . . . . 159.95 

8046; Inrlructokeyer~On-AChlp IC . . . . 49.95 

8046.1; Semi.Kil.. . . . . . . . . . . . . . . .79.95 

s 8047;.Message Memoyon-A-CMp IC . . 39.95 

8047.1: IC.PC8.RAM.Sockels.Manual.. 69.95 

( IM $1 75 on rhra  lor p111qs Ind hlndung) 
EK.430; CMOS Keyer' (ra0~76osn . . . . . . 124.95 

IK-4401; Inslruclokeyer' ( ~ ~ ' 7 6 o s n . .  . . 224.95 

'now wtlh dash nnnq as rlanlnd 

System 4000 Ham Computer IswJln'78 osn (wrile) 

Curtis Electm Dtvlces, Inc. 
T D C P l H  (411)9643131 [m 

-1 Box 4090. Ywllt*n Vrw. CA 94040 ~ 
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pace CUMMUNICR 111 
PATHCOM INC.,AMATEUR PRODUCTS GROUP 
24105 SOUTH FRAMPTON HARBOR CITY. CA 90710 

CALLTOLL FREE 800-4211196 

HAVE BARRELS OF FUN- WITHOUT 
DRAINING YOU DRY! WHY PAY FOR 
USELESS FRILLS? 
LET US HELP YOU WITH YOUR 
REPEATER PROJECT 

NOW AVAILABLE STOCK FRO 
"%ep.eatese mtiurcite 

a d i u i e i a n  a6 
meat ioe  et?ect%aa 
YOUR 0NE.STOP REPEATER SHO 
GET AN EXCELLENT BASIC 
DESIGNED REPEATER WlTH 
DEPENDABLE PERFORMANCE ! 
I N STOCK - READY TO SHIP- 

VHF ENGINEERING 
REPEATERS FOR ALL AMATEUR 
BANDS A L S O  N E W  A ~ ~ ~ S S D R Y  l ~ f h t s  

lusr C A U  OR C O N T A C T  : n ~ i C  02 j ~ d i  
P.O. BOX 7054 

O R  O U T S l O f  C A .  

- 

QUARTZ CRYSTALS 

9 "IN A HURRY" 

SINCE 1970 

CRYSTALS AVAILABLE FOR: 

CB -Synthesizers 
Amateur - H F ,  V H F ,  U H F  

Industrial 

Scanner 
Marine - LB & V H F  

Conversion Crystals 
Special Attention to R & 0. 

Micro-processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

C A L L  "BONNIE" FOR 
PRICES & D E L I V E R Y  

VISA & MASTER CHARGE - credit cards accepted. - 
CAL CRYSTAL LAB, INC. 

1142 N. Gilbert Street 
Anaheim, CA 92801 

(714) 991-1580 
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ERC PROMISES UP TO THE MINUTE STATE-OF-THE-ART DESIGN AND PERFORMANCE 
WE'VE DONE IT  FOR 1979 

F O U R  S I M U L T A N E O U S  F I L T E R S  I N  O N E  F O R  U N P A R A L L E L E D  QRM F R E E  R E C E P T I O N  (SSB & CW)  
* P L U S  A S P E C I A L  P A T E N T E D  CW P R O C E S S O R *  

THE BRAND NEW S L - 5 6  AUDIO ACTIVE  F I L T E R  SUPERCEDES 
OUR S L - 5 5  I N  BOTH CONCEPT AND PERFORWNCE. CONSOL- 
IDAT ION OF W N Y  CM(P0NEflTS HAS ALLOWED US TO MAKE 1 6  
OPERATIONAL R n P L l F l E R S  (COMPARED TO 6 I N  THE S L - 5 5 )  
INTO A F I L T E R  GUARANTEED TO OUT PERFORM ANY OTHER 
AT A COST ONLY SLIGHTLY HIGHER THAN THE SL-55.  THE 
FEATURES OF THE S L - 5 6  ARE 5 0  ADVANCED F R M l  I T S  PREO- 
ECESSOR THAT CALL ING I T  T H I  SL-5% I S  NOT J U S T I F I E D .  
UNL IKE  OTHER F I L T E R S  THAT SIMPLY OFFER A CHOICE OF 

5 L - 5 6  
ONE OR TWO F I L T E R  TYPES AT A T lME (NOTCH. DANDPASS. 

A U D I O  A C T I V E  FILTER 
ETC.) S L - 5 6  PROVIDES WHAT I S  REALLY NEEDED ---  THE 

13.5 t 3.9 t 7 . 5  I N C H E S 1  
S I m L T A N L O U S  ACTION OF A 6 POLE 2 0 0  Hz F I X E D  HIGH- 
PASS F ILTER AND A 6 POLE 1 6 0 0  Hz F I X E D  LOWPASS F I L -  
TCR U I M  A 6 0  d B  NOTCll WHICH I S  TUNABLE OVER THE 

2 0 0 - 1 6 0 0  H z  RANGE. T H l S  3 F I L T E R  COns lNAT lON I S  UNREATABLE FOR THE ULTIMATE I N  QRM FREE SSB 
RECEPTION. ODJACENT CHANNEL QRM I S  EL IM INATED ON THE H I G H  AND LOW S IDES AT THC SAML T lME A l l 0  DOES 
NOT INTRODUCC ANY HOLLOWNESS TO THE DESIRED SIGNAL. ON CU THE S L - 5 6  1 5  A DREAM. THE LOWPASS, 
t l lGHPASS AllD NOTCH F I L T E P S  ARE ENGAGED ALONG WITH THE TUNABLE RANOPASS F I L T E R  ( 4 0 0 - 1 6 0 0  H z )  PRO- 
V I D I N G  THE NEEDED ACTION OF 4 SIMULTANEOUS F I L T E R  TYPES. THE RANDPASS M Y  BE MADE A5 NARROW AS 
1 4  HZ ( M U ) .  ADDITIONALLY. A SPECIAL PATENTED CIRCUIT FOLLOWS THE FILTER SECTIONS WHICH ALLOWS 
ONLY THL PEAKED SIGNAL TO "GATE I T S L L F "  THROUGH TO THE SPEAKER OR HEAIIPHONES ( 4 - 2 0 0 0  OHMS). 
RECEIVLR NOISE. R ING AN0 OTHER SIGNALS ARE RE.IECTED. T H l S  I S  NOT A REGFNERATOR. BUT A MODERN NEW 
CONCEPT I N  CY RECEPTION. THE S L - 5 6  CONNECTS l h  SERIES  U l T H  THE RECEIVER SPEAKER OUTPUT AND DRIVCS 
ANY SPLAKLR OR HLAOPHONES WITH ONE WATT OF AUOIO POUER. REQUIRES 1 1 5  VAC. EASILY  CONVERTED TO 1 2  
VDC OPLRATION. COLLINS GRAY CABINET AN0 WRINKLE GRAY PANEL. 

WARRANTEOONEYEAR FULLY RFIPRDOF FULLY WIREDANDTESTED AVAILABLENOW 

$75.00 POSTPAID IN THE USA AND CANADA. VIIOINIA RESIDENTS ADD ba SILES T A X .  

ATTN SL-55 OWNERS: THE CIRCUIT BOARD OF THE SL-56 IS COMPLETELY COMPATIBLE 1 5 ~ 1 1 ~  UlJLD IN VHF AMP- 

WITH THE SL-55 CHASSIS. OUR RETROFIT KIT IS AVAILABLE AT $35.00 POSTPAID. 

n = = o n  
ERC INTRODUCES A BRAND NEW CONCEPT IN THE MEASUREMENT 

OF VSWR AND POWER ACCEPTED BY THE LOAD 

R E Q U I R E S  115 V A C  A T  L E S S  -- TWO 50-239 COAX CONNECTORS 
T H A N  1/16 AMP. ARE A T  T H E  R E A R  P A N E L .  

C O L L I N S  G R A Y  C A B I N E T .  
W R I N K L E  P A N E L  - B R I G H T  

D I M E N S I O N S  3.5 x 5.5 x 7 . 5  

R E D  L E D  D I G I T S  (.33"). 
I N C H E S .  

D E C I M A L  P O I N T  I S  T H E  
W E I G H T  I S  2 POUNDS. 

, , , .,."11 

P I L O T  L I G H T .  IS,,<. I ;~III.-~? 

1 . 8 - 3 0  M H z  ~ > t ; - 2 7 3 ~ 1  3 1 . 5 0  

THE MODEL SL-65. ( 2 0 - 2 0 0 0  WATTS) AND THE QRP MODEL SL-65A* (0 .2 -20  WATTS) D I G I T A L L Y  INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MODE -- SSB. CW. RTTY. AM E t c .  THERE I S  NO CAL IBRATION RE- 11<:-11411 5 2 . 0 0  
QUIRE0  AND NO CROSSED METER NEEDLES TO INTERPRET. SIMPLY LOOK AT THE REPDOUT AND THAT I S  THE VSUR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. CAUSES THE VSWR TO BE DISPLAYED THROUGH- 
OUT YOUR ENTIRE TRANSMISSION. REVERSING THE POSIT ION OF A FRONT PANEL TOGGLE SWITCH AND THE D I S -  
PLAY INDICATES THE NET POWER (FORWARD LESS REFLECTEO) THAT I S  ACCEPTED BY THE ANTENNA. THE PEAK 
OF THE NET I S  DETECTED AND DISPLAYED UITHOUT FL ICKER FOR ANY MODULATION TYPE. OlSPLAY UPDATE 
1 5  CONSTANT YET FL lCKER FREE AS YOU M Y  CHANGE THE POWER ACCORDING TO YOUR VOICE. THERE I S  NOTHING 
L I K E  T H l S  QUAL ITY  INSTRUMENT A V A l l A B L E  ANYWHERE ELSE. I T  I S  THE ONLY SUR NET W INDICATOR THAT 
LETS YOU KNOW THE STATE OF YOUR ANTENNAS AN0 TRANSMITTED POWER AT M E  TRANSHITTING. 
E ITHER W D E L  I S  A SOPHISTICATED DEVICE CONTAINING FOUR C I R C U I T  BOARDS AN0 THIRTEEN INTEGRATED 
C IRCUITS .  

WARRANTY O N E  Y E A R  S L 4 5  S L 6 5  
N E T  POWER INDICATOR VSWR I N O I C A T O R  

T H E  POWER D I S P L A Y E D  I S  T H E  DETECTED TWO O l G I T  D I S P L A Y  S H W S  VSWR 
T O  AN ACCURACY O F  .I FOR VALUES 
FROM 1.0 AND 2.2. ACCURACY I S  TO 
. 2  FOR VALUES FROM 2 . 3  T O  3 . 4  
A N 0  TO . 3  F R m  3 . 4  TO 4 . 0 .  FRDM 
4 . 1  T O  6 . 2  THE I N D I C A T I O N  MEANS 
T H A T  VSWR I S  VERY H IGH.  

FOR VSWR VALUES NEAR 1.17, THE 
POWER RANGE FOR A V A L I D  R E A D I N G  
1 5  2 0  - 2 0 0 0  WATTS OUTPUT. FOR 
H I G H E R  VALUES T H E  UPPER P W E R  
L I M I T  FOR A F L I C K E R  FREE V A L I D  
R E A D I N G  I S  SDMEUHAT L E S S  ( 3 5  - 
1 0 0 0  W K f T S  FOR VSWR A T  2.0) .  

D l V I M  T H E  ABOVE P W E R  L E V E L S  
B Y  100 T O  O B T A I N  THE PERFORPlANCE 
OF  T H E  S L - 6 5 A  ORP MODEL. - 
P R I C E :  $ 1 8 9 . 5 0  POSTPAID I N  USA 6 CANADA. VA. RESIDENTS ADD 470 SALES TAX. 

BOOKLET AVAILABLE AT E L E C T R O N I C  R E S E A R C H  CORP.  O F  V I R G I N I A  
12.00 REDEEMABLE TO - P. 0. BOX 2394 ,,t ,<," ,I ,... ,,"<I % ,  :,,,,$ ,ur,. 3 ,,,, ,. % , 4 .  
WARD PURCHASE. V I R G I N I A  B E A C H .  V I R G I N I A  23452 .Add S I . ' l i i  fnr  oriivr onilvr i l O . 0 " .  

PATENT PENDING. *t',,n,n,l,, & F ~ , ~ P I , I , ,  urd, .r? p l t . , s s r ,  .add ? u : f > -  
T E L E P H O N E  (804) 463-2669 c<mt ~ o x t a q r , .  

..USA orrlvr:; t , l r a s r  add 5~ l as tasc .  I 
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PEAK O F  T H E  P E P  FOR ANY MODULATION. 
T H I S  I S  THE P W E R  T H A T  T H E  TRANSMITTER 
I S  "TALKED"  U P  TO. D I S P L A Y  DECAY T I M E  
I S  ABOUT ONE SECOND. . T H E  POWER D I S P L A Y E D  1 s  T H A T  WHICH 
I S  ACCEPTED B Y  T H E  ANTENNA (FORWARD 
L E S S  REFLECTED) .  

POWER I S  D l S P L R Y E O  ON T H E  SRME THO 
D I G I T S  AS  VSWR I N  TWO AUTORANGEO 
SCALES. 2 0  T O  5 0 0  WATTS A N 0  5 0 0  T O  
2 0 0 0  WATTS. T R I P O V E R  A T  THE 500 WATT 
L E V E L  I S  AUTOMATIC  E X :  A R E A D I N G  OF  
1 . 2  COULD MEAN 1 2 0  OR 1 2 0 0  WATTS. 
YOU MUST KNOW WHICH RANGE YOU ARE I N .  

ACCURACY I S  TO 10 WATTS I N  T H E  L M R  
PANGE AND 100 WATTS I N  T H E  UPPER RANGE. 
O l V I O E  POUER SPECS B Y  100 FOR S L - 6 5 A .  



I WEATHER MAPS. PRESS! I 
Coaxial RF Probe for Frequency Counters and 

Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 

plus  1.00 postage 

FINALLY! A RF PROBE that lets you con- 
nect into your coax cable for frequency 
measurements and modulation waveform 
checks directly from the transmitter. 
JUST CONNECT THE CoaxProbeg into 
your transmission line and plug the output 
into the frequency counter or oscilloscope. 
lnserlion loss is less than .2db so you can 
leave it in while you operate. 
A NECESSITY IN ANY WELL-ORGAN- 
IZED HAM SHACK, the CoaxProbe* 
eliminates "jerry-rigging" and hassles 
when tapping into the coax line is desired. 
A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a 
wide variation of power. Power output of 8 
watts gives .31v out. while 800 watts will 
give 1 . 8 ~  out. (rms 3-30 mhz.) 2000 watts 
PEP rating too! 

'Trademark ol Eagls Electronics 

USE IT  ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe' has a range 
of 1.8 to 150 mhz. 
MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of pro- 
per bandwidth, you can check your 
modulat~on for flat-topping, etc. Ideal for 
adjusting the speech processor. 
NOW YOU CAN MONITOR SIGNALS 
when connected to the dummy load. 
eliminating unnecessary on-the-air radia- 
tion. 
AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If not 
satisfied, send it back for refund (minus 
shipping charges). 
Order today from: 

Eagle Electronics 
Box 426 El. Portage, M I  49081 

Michioan Res. Add 4% Sales Tax 

Ser 

boc 
- Inrroaucrory 
Dklet and catalog. 

Whitehame + Ca. 
Newbury Drive, Amherst, NH 03031, (603) 673-7724 

I The Fax AIP Clear - on our hrtl rdze 118-112'' w~de) 
recorders These commercial-mllllary untls now avall- I 

MILITARY 
SURPLUS WANTED 
Silsc P tic). \  1 1 1 , ~ ~ .  .#no I,,,.. n l ~ r r  H I C ~ .  
r..1 OIII.CI V Y ~ I  011 U S  M l l s r y  5uf-  
plu5 rspec~al ly o n  Collsns i'qurprnenl 
or parts We pay lrelqnt Cdll collect 
now lor our hogh oller 201 440-8787 

SPACE ELECTRONICS CO. 
d ~ v  of Mtlflarv Eleclronlcs Corp 

REPEATER 
AUTOPATCH 

Offer y o u r  c l u b  COMPLETE 
e m e r g e n c y  c o m m u n l c e t l o n s  

Commerc~al quaitty, gold plated contacts, plug 
in. epoxy glass PC boards. 12 volt DC or 115 volt 
AC operation - Power supply ~ncluded. Four 
digit access - S~ngle d ~ g ~ t  releases - f~e ld  
programmable. Hybr~d network - No switching 
required. FCC certified telephone line coupler. 
Auxiliary "In Use" contacts supplied. Land line 
"call-in" signalling control contacts provided. 
Price complete $498 + 8 shipping 8 handling. 
Master Charge. Bank money order, or certtf~ed 
check acceptable. 

Accessor~es. CES-300 powered tone 
pad - $59 BUS-COM Son-touchm telephone 
powered mlkelpad element-$34.95. 

%I( )NHOE ELEC"TK0N ICS. INC. 
410 House1 Am., Lyndonvllle. N.Y. 14098 

I D u n s  t101-048-6066 
C a s h  p l ~ t s  s h ~ p p ~ n q  p a d  f o r  r l m n  late 
m o d e l  M o t o r o l a  GE R C A  m o b ~ l e s  
B a s e  S t a t ~ o n s  A c c e s s o r ~ e s  W e  a l so  
sel l  used  a n d  r e c o n d ~ t ~ o n e d  e q u ~ p m e n t  
F o r  f u r the r  ~ n f o r r n a t ~ o n  c o n t a c t  

Jesse  L a  F l e u r  
T h e  C o m m u n i c a t i o n s  Cen te r  

1629 W y o m l n g  
El Paso. T e x a s  79902 

(915) 545-1133 
Call lor cash quolalton 16 years of lair dcsllnq 
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Mike Tuning 
For accurate 100 Hz 
steps or fixed rate scan. 

E MOST ADVANCED HF SSB TRANSCEIVER AVAILABLE. 
FULLY - 

LID-STATE . 
SW~AAE 

' - ASTRO 150 ~ m m w d r l * ~ u b c C a m . m n ~ m h d c ~ ~  ELECTRoNlCs 
! 305 Airport Road I Oceanside, CA 92054 1714-757-7525 
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Kantronics' Field Day T.M. 

Morse/radioteletype reader & speed display 

only 
$449.95 

Kantronics' Field Day morse code/teletype reader reads code signals right 
off the air. Its powerful microcomputer system picks out signals, computes their 
speed and even reads sloppy copy up to 80 words per minute. 

The Field Day is simple to use. You plug it into your station receiver just as 
you would a set of headphones. Code and teletype conversations are converted 
from dots and dashes to standard alphanumerical text. The text advances from 
right to left across ten big L/2 inch displays. 

The Field Day displays incoming or outgoing code speed for you at the touch 
of a button, right on the front panel. The Field Day is enclosed in a compact, 
lightweight package including speaker. HWD 3.44" by 8.50" by 9.25". The Field 
Day has the features that make it a truly great code reader. Write us for a 
complete Kantronics authorized dealer list. 

KaKANTRONICS 
121V2 East 23rd Slrwt 

The Lyhtweight Champs. 
Lawrence. Kansas 66044 P k w  913-R427745 

\ \hk. accept Wra. Master Charge.ckk and m w  wders 

h 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal f i l ter i s  stan- 
dard. Use w i t h  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. 

@ 
-- - 

3 

STEP UP TO TELREX 
Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

C 

TBSEM/4KWP 

. -. 

By the only test that means anyth~ng 
on the alr comparison thls array con- 
tlnues to outperform all competlt~on 
and has lw0 decades liere why For techn~cal data and prlces on corn- 

Telrex uses a unique trap design plete Telrex h e .  wrtte for Catalog PL 7 
employ~ng 20 HIQ 7500V ceramlc con- 
densers per antenna Telrex uses 3 optl- - - . .  c~~~n%;&l 
mum-spaced, opt~mum-tuned reflectors 
to provtde maximum galn and true F IB  
Trl-band performance 

,.,,,4,, rex-l - ' A  . C",,?" > " 5 .  

// 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wired 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952Cl1nton St.. Buffalo. N. Y .  14206 



RF.22W 8 BAND AMIFM 
SW llrqs Irrrn> 3 9  lo 28 
MHz DOLIDIP %upev h ~ !  
rrrlrlyne Preclse call. 
brale(1 lunlnq lh 10 *HZ 
Uotlnlecneck clal marre, 
a! 50n k n ~  and 125 hnz 
RF cloln control lor AMISW 
BFCi Cwttch 101 558 R SW 
PI"\ many mow l ralurcs 
\Ur h a5 ex! )dc.ks lot AC 
ant 11 sukr a,q cad," 
I'Atll8C3 a, 101 PClC(1 

Plu. $1 SO Shlppsne 

RF 2900 DIGITAL AMIFM 
SW l r ~ n l  3 2 to 33 Mnr 

5 dlqll LED display 
read5 a11 tlnnds Double 
Suc,esheferOdyne I'Lctr 
cullrr  FM AFC h *111(.1 
naxrnw banrlwd!n contt,>l 

f aSIISli>*l lunlnq 
Butt! ~n AM an! Tele 
%c,,nanq wnlp lor AMlSW 

BFO pmlch confrol lo< 
SSR 11w And murh 

BASE STATION CABINETS AT A 11 11 I 
,FRACTION OF ORIGINAL COST: 

Now is the perfect time to house your 
repeater in a great cabinet for a great 

rice. These are in mint condition ex- 
cept for minor dents and scratches. 

F.O.B. Oak Park, 11. Freight Col- 
Quantities Limited. 

QUANTITIES - ORDER NOW: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BIG SELLERS AT DAYTON! 

FROM 1.6 l o  31 
MHz. ALL w fi@-gain. 

1 . 1 .  US ' <  Sl'l'EIZ IJI.:AL.S ON 
A L I .  c)!' YOI!K hS' IY<SNA SEI.:DS ! 

- 

VERTICAL ANTENNAS 
Model 14AVOlWB . 40 lhru 10 rnelara 

Wide band performance 
New Hy-Q Irapr 

Sel l  suppartlnt; a~ tomat l c  band swllchlng 
ve.l#cal antenna O m n ~ - d ~ r e ~ I ~ o n a l  perlor. 
mance Favorable L I C  ratlo nigh 0 True 
' 4  wave resonance on all bands Low angle 
rad~alron pallern Taper swagged seamless 

h IhO M?tcr% 
alum8num Conslruclmn 12 double-grlD . 20. 0 8  Gdl" 
mas1 bracket Full clrcumlerence Com- . LOW PIICV 
press~on Clamps at tubtng lolnls Welgnt 
8 2 1bs 

YODEL PLF 2 ImDrovns wonk rlgnals a'. rrol l  . a ' .  ' 1 , . 1 ( 1 ~  
Modal 14AVOIWB $57.00 

dplo ~ n . ~ c ~ U s  relect~on 01  mo-I ~,TS.IVPIS L ) , ~ F I ~ I  s w 1  111110 

,.., or owamp I~CIUOPI pwt \Ip~> 1 1 1  VAC II~('II R Model 18AVTIWB 
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Ham Radio's guide to help you find your lo 

Arizona 
HAM SHACK 
4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS. 
Serving all amateurs from beginner 
t o  expert. Classes, sales & sehice. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 
Tour Complete Amateur Radio Store. 
POWER COMMUNICATIONS 
6012 N. 27 AVE. 
PHOENIX, ARIZONA 85017 
602-242-6030 
Arizona's #1 "Ham" Store. 
Kenwood, Yaesu, Drake, lcom 
?rid more. 

California 
C & A ELECTRONIC ENTERPRISES 
22010 S. WlLMlNGTON AVE. 
SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
11656 W. PIC0 BLVD. 
LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warrantv - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE - - 

SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. 

SHAVER RADIO 
3550 LOCHINVAR AVE. 
SANTA CLARA, CA 95051 
408-247-4220 
Atlas, Kenwood, Yaesu, KDK, 
Icom, Tempo, Wilson, Ten-Tec. 
p- - -  

Connecticut 
THOMAS COMMUNICATIONS 
9 5  KlTTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-081 1 
Call us toll free - See our full 
page ad in this issue. 

Delaware 

DELAWARE AMATEUR SUPPLY 
7 1  MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Delaware's largest stock of amateur 
radio equipment & accessories. 

Florida 
-- -- - 

AGL ELECTRONICS, INC. 
1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full 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. 

- 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

SUNRISE AMATEUR RADIO 
1351 STATE RD. 84 
FT. LAUDERDALE, FL 33315 
(305) 761-7676 
"Best Prices in Country. 
Try us, we'll prove it." 

Illinois 

AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL  60540 
3 12-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL  60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 900-3:00 Sat. 

SPECTRONICS, INC. 
1009 GARFIELD STREET 
OAK PARK, IL 60304 
3 12.848-6777 
One of America's Largest 
Amateur & SWL Stores. 

1 Indiana 

KRYDER ELECTRONICS 
GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 
FORT WAYNE, IN 46815 
219-484-4946 
Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT. 

lo wa 
BOB SMITH ELECTRONICS 
RFD #3, HIGHWAY 169 & 7 
FORT DODGE, IA 50501 
515-576-3886 
800-247-2476/ 1793 
Iowa: 800-362-2371 
For an EZ deal. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 
America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 

REVCOM ELECTRONICS 
6247 N. HYDRAULIC 
WICHITA, KS 67219 
3 16-744- 1083 
New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 

Maryland 
THE COMM CENTER, INC. 
9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 
R. L. Drake, Ten-Tec, ICOM, Wilson, 
'Tempo, DenTron, Mosley, Cushcraft. 

Massachusetts 
TEL-COM, INC. 
675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
61  7-486-3040 
The Ham Store of New England 
you can rely on. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for compIete details. 
-- -- 
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llma teur Radio Dealer 

TUFTS RADlO ELECTRONICS 
209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 

Michigan 
RSE HAM SHACK 
1207 W. 14 MILE 
CLAWSON, MI 48017 
313-435-5660 
Complete Amateur Supplies. 

Minneso ta 
PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

Missouri 
HAM RADlO CENTER. INC. 
8340-42 OLIVE BLVD. 
ST. LOUIS, MO 63132 
800-325-3636 
For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

Nebraska 
COMMUNICATIONS CENTER, INC. 
443 NORTH 48TH ST. 
LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

Nevada 
COMMUNICATIONS CENTER WEST 
1072 RANCHO DRIVE 
LAS VEGAS, NV 89106 
800-634-6227 
Kenwood, Yaesu, Drake and more 
at discount prices. 

New Hampshire 
EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 
Icom, DenTron & Yaesu dealer. 
We service what we sell. 

New 
ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since "55". 

-- --- 

BARGAIN BROTHERS ELECTRONICS 
216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 
WEST TRENTON, NJ 06828 
609-883-2050 
A r r ~ ~ l l ~ o n  parts - lowest prices 
anywhere. Call us! 

METUCHEN RADlO 
216 MAlN STREET 
METUCHEN, NJ 08840 
201-494-8350 
New and Used Ham Equipment 
WA2AET "1" Bruno 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

New York 

AM-COM ELECTRONICS INC. . .~ ~ 

RT. 5 
NORTH UT!CA SHOPPING CTR. 
UTICA, NY 13502 
3 15-732-3656 
The Mohawk Valley's Newest & 
Largest Electronics Supermarket. 

HAM-BONE RADlO 
3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
3 15-446-2266 
We deal, we trade, all major brands! 
2-way service shop on premises! 

HARRISON RADlO CORP. 
20  SMITH STREET 
FARMINGDALE, NY 11735 
51  6-293-7990 
"Ham Headquarters USA" 
since 1925. 
Call toll free 800-645-9187. 

RADlO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
Toll Free 800-448-7914 

NY 315-337-2622 
Res. 315-337-0203 

New & Used Ham Equipment. 
See Warren K21XN or Bob WA2MSH. 

Ohio 
AMATEUR RADlO 

SALES & SERVICE INC. 
2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 

Oklahoma 

KRYDER ELECTRONICS 
5826 N.W. 50TH 
MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 
Your Complete Amateur Radio Store 

Pennsylvania 
-- 

ELECTRONIC EXCHANGE 
136 N. MAlN STREET 
SOUDERTON, PA 18964 
215-723-1200 
Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 
Same Location for 3 0  Years. 
Call Toll Free 800-523-8998. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
7 17-343-21 24 
ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

SPECIALTY COMMUNICATIONS 
2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 

South Dakota 

BURGHARDT 
AMATEUR RADlO CENTER, INC. 

P. 0. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
"America's Most Reliable 
Amateur Radio Dealer". 

Texas 

HARDIN ELECTRONICS 
5635 E. ROSEDALE 
FT. WORTH. TX 76112 
817-461-9761 
Your Full Line Authorized 
Yaesu Dealer. 
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BUDWIG MFG. CO. m 00. a s .  bmona. CA e m  
C. Re9 add 8% 5dles Tar Dave - (213) 760-1000 

POSITIVE TOUCH (KEYS DEPRESS) MOBILE 
HANDHELD POSITIVE MOUNT NO RFI NO POTTED 
PARTS (SERVICEABLE) MIL.SPEC COMPONENTS 
SELF CONTAINED XTAL CONTROLLED . LEVEL 
ADJUSTMENT FROM FRONT 4.5 . 60 V.D.C. WILL 
OPERATE ANY SYSTEM . LETTERING OPTIONAL 

Supplled wlth: Instruct~ons. schernatlc. template, hardware. 
JUST LOOK AT THESE FEATURES: 

PP-1A deslgned for Standard Cornmun~catlons Handhelds. Tough "Mobile Environment" 
(Cal~forn~a orders add 6% sales tax.) Microphone 

Positive-Action Tactile Keys 
High.lmpedance Ceramic or 500-ohm 
Dynamic Cartridge 
Adlustable Tone Balance and Output 

Available al. Ham Radlo Cenler. . . . . . . . . . . . . . . .  (800) 325-3636 
Henry Radlo. Los Angeles . . .  12131 272.0861 
Eleclron~c Equopmenl. Vlrqlnla . . . . . . . . . . . . . .  (7031938.3350 
CW Eleclron~cs. Denver . . . . . . . .  ,1303) 893-5525 
C 8 A EleclronlCB. Long  each . . . . . . . . . . . . . . . . .  (2131834.5868 

r Complete Dealers Li 

ALBANY. GEORGIA 31707 
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THE TOWER 
OF THE YEAR. 
WE GOT IT. 

Tower Mastets new self-supporting, crank-up 
TMZ-47 1 is the tower of the year. 

It's taller. 
It's bigger. 
It's stronger. 
It's one of an all new line of hot-dipped 

galvanized steel towers mode expressly for 
HAM Operators now available from Tower 
Master. Made to meet the demanding re- 
quirements of today's modern equipment. 
And if you're a HAM, you know what we mean. 

Like Tower Master's TMZ-HD-554 and 
-57 1, with top section OD's of 15 inches to 
easily accommodote the new "Tail Twistef' 
CDE rotor. 

Or try the TMM-HD-554 and -57 1 series 
from Tower Master, with top section OD's of 
14-314 inches. These freestanding crank-ups 
will also hold the "Tail Twister." 

' - 
'. 

'4 . 4  
'7-4 

C L  

Thai's why we call the increasingly 
popularTMZ-47 1 the tower of the y a  We ore 
convinced it really is. You will be, too. Just 
write -or call - Tower Master today. Lou moy 
answer the phone. Do it now. 

Or, see your dealer today. 

WOODLAKE INDUSTRIAL PARK 
353 SOUTH ACACIA STREET 
P.O. BOX 566. WOODLAKE. CALIFORNIA 93286 
2091564-2483 Day 2091733-2438 Night 

~~~TOIIIIERMASTER CORmRATIMl 

FREE! 
RADIO AMATEURS 

WORLD ATLAS 
wRh purchase of famous 

CALLBOOK 
MAP LIBRARY! 

. w , l u l l m l a A t  

Here's an offer you can't refuse! You 
receive three, information-packed, Ama- 
teur Calibook maps, folded, plus the 
World Atlas for only $3.75 plus $1.50 
shipping and handling. If purchased 
separately, total value of map/atlas offer 
would be $6.25, plus shipping. You save 
$2.50 and get these invaluable radio 
amateur aids! 
1. PmRx Map of the World, folded. 

World-wide prefixes. Shows 40-zone 
map on one side, 90-zone map on the 
other. Size 40"  x 28"  

2. Map of North Amerka, folded. 
Includes Central America and Carib- 
bean to the Equator. Shows call 
areas. zone boundaries, prefixes, etc. 
S ize30"x25 '  

3. Great Circle Chart of World, folded 
Centered on 4 0 ON, 100" W. Shows 
cities, latitude, longitude, great circle 
bearings and more! Size 30 " x 25' 

Plus speclal FREE bonus! 
The Callbook's own Radio Amateur 
World Atlas. FREE with the purchase of 
the 3 maps. Contains eleven full color 
maps of the world, looking at things from 
the radio amateurs point of view. 

Callbook Map Library 55.75 
Shipping - $1.50 

Total 15.25 

Amateur Radio 
Emblem Patch 

AMTCUI w only $2.50 prepaid 
Psgasus on blue field, red lenerlng 3 '  wlde x 
3 '  high. Greal on jackets and caps Sorry, no call 
lsners ORDER TODAY! 
Order lrom ywr lavaits eMElronlcs dwkr or alrecl lrom toe 
publ~sher All direct Orders add $1 50 lor ShtPP!ng llllnols 
resftents add 5% Sahs Tar 

MMO M r n R  

Depl. FN 
925 Shemood Drlva 
Lake B l u l l .  Ill. 60044 
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ROTATOR 
with exclusive Dual-Speed Control! 

For antennas up to 10.7 sq. f t  of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment-10,000 
in.-lbs. (side-thrust overturning); Starting torque - 400 in.- 
Ibs.; Hardened steel drive gears; Bearings -100-%" diam- 
eter (hardened); Meter - D'Arsonval, taut band (back- 
lighted). There's much, much more - so get the whole story! -------------------- 

. mULh Inore 1lr~s;s ;,nqtl~&hn,~bt~ 
, , .. :-/- _. _ .. .- 

the besl loq hook value .mywhere 
81) Ddqe5 1'178 Spll.flllou11~ I 

Send check, mone order or credit 
card lnformatlon p r us $1.00 shipping to: 

Ham Radio's Bookstore 
Greenville, NH 03048 I 

WHY GET ON FAST SCAN ATV? 
You can rend broadcast quality vldeo of  home movies, video 
tapes, computer games. etc, at a cost that is less than sloscan. 
Really improves public s e ~ i c e  communications for parades, 
RACES, CAP searches. weather watch, etc. 
DX  is about the same m 2 meter simplex - 15 t o  100 miles. 

ALL IN ONE BOX 
TC-1 T rammlnw lCom 
Plug i n  camera, . . . . . . . . .  ant, m a  and you  are 
on the air $399 ppd 

HITACHI H V 6 2  T V  CAMERA 
High performance closed circuit 
camera just right for atv. w i th  Ian, 
. . . . . . . . . . . . . . . .  $239 ppd - 

PUT YOUR OWN SYSTEM TOGETHER 

I ADDRESS I 

I CIN 
I 
I 

I Mail this coupon for complete details! i I w* l Send me complete details on the HD-73! I 
I I . ' Give me the name of my nearest dealer! 
I 

I NAME I 
I I 

I I STATE ZIP I 
. I 

TVC-1B CONVERTER t u r n  420 
mhz down t o  ch 2 or 3 .  .$49.50 ppd  

. . . . . .  T X A 6  EXCITER $69 ppd 
PA5 10  WATT L INEAR.  . $79 ppd  
FMA5 Audio Subcarrim. $24.50 nod . . 

SEND FOR OUR CATALOG, WE HAVE IT ALL 
Modules for the builder.completsunitaforthsoperator,antennar, 
color cameras, repearen, preamps, linearr, video ider and clock, 
and more. 19  years In  A T V .  

Call 213--447-4585 68 pm u r  t ime 
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Whatever your requirement. Hustler provides out- 
standing performance. Precision engineered antennas 
manufactured with , finest materials available. 1 1 

3275 North €3 Ave K~ss~rnrnee, Flor~da 32741 'Also available ~n 1-114 meter 

v Hustler: 
DEALERS The First Family 

of fixed station 
two meter gain antennas. 

Atkinson 8 Smith, Inc. 
17 Lewis St. 
Eatontown. NJ 07724 
201-542-2447 

, 
Ham Radio Center, Inc 
8340-42 Olive Blvd. 
St. Louis. MO 63132 
314-933-6060 

Ham Radio Outlet 
5375 Kearny Villa Rd. 
San Diego. CA 92123 
714-560-4900 

Ham Radio Outlet 
2811 Telegraph Ave. 
Oakland. CA 94609 
415-451-5757 

Hoosier Electronics 
43-8 Meadows Shopping Center 
Terre Haute. IN 47803 
812-238-1456 

Ray's Amateur Radio 
1590 US Highway 19 S. 
Clearwater. FL 33516 
813-535-1416 

TPL proudly presents the 

from the dashboard. 

POWER INPUT: HARMONIC ATTENTUATION: 
5-20W Carrier FM or CW All Harmonics Ansnwled 
20W PEP malimum SSB or AM 60 dB or Greater 

POWER OUTPUT: CURRENT DRAIN: 
2 W - 2 M W  carrbr FM or CW FM-UI Amps @ 250W 
300W PEP SSE or AM 558-30 Amp. @ 300W PEP 

FREOUENCV RANGE: DUTV CYCLE: 
144 to 148 M W  F M 5 0 X @ l S W  33U@250W 
' WOII op rak  with sllghl SSB 60% @ $SOW 50% @ 2WW 

dcprsdation at 142 150 MHz. 
moac rn 5499.00 

u n  b. ordered lor repaler applicatbn 
for additional Information conimct 

1324 W. 135TH ST .  GAROENA. CA 90247 (213) 538-9814 

-: Lenbrm Indualrles. Ltd.. 1145 Ballamy Ra.. Scamarouph. Ontarlo M In lH5 
E r p ~ :  EMECI~C..ZUOS~I~ Jolh Avenue, Hallandale, FlorloaU000 
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THERE'S 
NOTH INC ELSE : ,,, " 

LIKE IT 
. : .c .,l~n+ , 

.,., 

.. . 

The world's highest auto suspension bridge 
spans the Royal Gorge.. . lo53 feet above the 
turbulent waters of the Arkansas River at 
Cation City, Colorado. There's nothing else 
like it! 

There's ttothlng else like an ALPHA 77Dx 
linern amplifier, either. It's THE ULTIMATE in 
conveniently-packaged high frequency power 
for industrial, government, and serious 
amateur radio use. 

ALPHA 77Dx inCorporates extra-heavy-duty A ' 

components and modern, user-oriented 
engineering. It carries the industry's only . 
TWO YEAR WARRANTY in licensed amateur ,.. 
service. If you'll accept only the finest quality 
and superlative performance, the ALPHA ' 
77Dx "Ultimate Linear" is your clear choice. 

Contact your dealer or ETO for d e ~ i l e d  infor- .w 

mation on the entire ALPHA line of superb - 
linears. -- - --- I 

EHRH~RN TECHNOLOGICAL OPERATIONS, NC. . .I 
PO. BOX 708 CARON CITY. COLORADO 81212 (303) 275-1613 

'b "* - 
- 
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Covers 160-10 meten, digital frequency control with 4 memoriea 
and menual scanning. 200W PEPl1M)W DC 1M) - 15 meters and 
160W PEP/140W DCon 10meters.adaptabletonew bands. IFshift. 
tunable noise blanker, dual RIT (VFO and memoryl'ix) SSB. CW. 
and FSK. 13.8 VDC operation, and bullt-in digital display to show 
VFO freq. and difterence between VFO and M-1 memory heq. 
1149.95 List. Call for quote. 

DRAKE TR/DR7 
general coverage 

- 
Covers 1 W lhru 10 meters. reception from 1.5-30 MHz continuous. 
0-30 MHz with optlonal Aux-7. modes: USB. LSB. CW. RTTY. AM 
equlv.. true passband tuning. RIT, built-in RF wattmeterNSWR 
bridge. SSB 250W PEP. CW 250W AM equiv. BOW. Power supply 
requ~red tor AC operation. 
1395.00 List. ca l l  for quote. 

m 
VIs4 - Long'sElectronics B 

MAIL ORDERS P O  BOX 11347 BIRMINGHAM AL 35202 STREET ADDRESS 2808 7TH AVENUE SOUTH BIRMINGHAM ALABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the 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. 
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ALL NEW 

HIGH-PERFORMANCE HF TRANSCEIVER 

Today's technology, backed by a proud tradition, is yours to enjoy in the 
all-new FT-101 ZD transceiver from YAESU. A host of new features are teamed 
with the FT-101 heritage to bring you a top-dollar value. See your dealer today 
for a "hands on" demonstration of the performance-packed FT-101 ZD . 

TRANSMllTER 

PA Input Power: 
180 watts DC 
Carrier Suppression: 
Better than 40 dB 
Unwanted Sideband Suppression: 
Better than 40 dB @ 1000 Hz. 14 MHz 
Spurious Radiation: 
Better than 40 dB below rated output 
Third Order Distortion Products: 
Better than -31 dB 
Transmitter Frequency Response: 
300-2700 Hz (-6 dB) 
Stability: 
Less than 300 Hz in first 30 minutes after 10 
mm. warmup; less than 100 Hz afler30 minutes 
over any 30 mln. period 
Negative Feedback: 6 dB @ 14 MHz 
Antenna Output Impedance: 
50-75 ohms, unbalanced 

SPECIFICATIONS 
GENERAL 

Frequency Coverage: 
Amateur bands from 1.8-29.9 MHz, plus 
WV/JJY (receive only) 
Operating Modes: 
LSB. USE. CW 
Power Requirements: 
100/110/117/200/220/234 volts AC. 
50/60 Hz; 13.5 volts DC (with optional DC-DC 
converter) 
Power Consumption: 
AC 1 17V: 75 VA receive (65 VA HEATER OFF) 
285 VA transmit; DC 13.5V: 5.5 amps receive 
(1 . l  amps HEATER OFF). 21 amps transmit 
Size: 
345 (W) x 157 (H) x 326 (D) mm 
Weight: 
Approximately 15 kg. 

CO(UPA1IBLE WlTH 
FT-901DM ACCESSORIES 

RECEIVER 

Sensitivity: 
0.25 uV for S/N 10 dB 
Selectivity: 
2.4 KHz at 6 dB down. 4.0 KHz at 60 dB down 
(1.66 shape factor); Continuously variable be- 
tween 300 and 2400 Hz (-6 dB); CW (with 
optional CW filter installed): 600 Hz at 6 dB 
dwn. 1.2 KHz at 60 dB down (2:l shape factor) 
Image Rejection: 
Better than 60 dB (160-15 meters); Better than 
50 dB (10 meters) 
IF Rejection: 
Better than 70 dB (160. 80. 20-10 m); Better 
than 60 dB (40 m) 
Audio Output Impedance: 
4-16 ohms 
Audio Output Power: 
3 watts @lo% THD (into 4 ohms) 

P m  And Spec~f~cat~ons Subfect To 
Change W#lh<~ul Nollce Or Oblgallon 

YAESU ELECTRONICS COUP., 15954 Downey Ave., Paramount, CA 90723 (213) 6334007 
YAESU ELECTRONICS Eastern Sewice Ctr.,9812 PrincetonGlendale Rd.,Cincinnati, OH 45246 



From transistor to 25kW 
is one easy step 
with EIMAC. i 

EIMAC high- ain tetrode and cavity B combination or FM and TV. 
The new EIMAC 8990 and companion CV-2200 

cavity amplifier are expressly intended for single-tube 
25 kW FM and TV service. This tou h tetrode 
exhibits a power gain over 20 dB anc k has a rated 
anode dissipation of 20 kW. It's also ideally 
suited to VHF-TV linear service, thanks to 
the new low-loss internal structure. '. • 

EIMACS 8989 is a similar tetrode, 
rated for 10 or 15 kW FM service in the 
CV 2210 cavity. The 8989 is suitable 
for VHF-TV service as well. 

For comvlete information: 
- 

Tomorrow's new 
;I generation today. 

ElMACS 8989 and 8990 

Way, San Carlos, California 
94070. Telephone (415) 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116

