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ICOM Introduces the 
iC-R71A lOOKHz t o  30MHz 
superior-grade general 
coverage HF recelver wlth 
innovative features Incfud- 
ing keyboard frequency 
entry and wireless remote 
control [optional). 

This easyto-use andveru- 
tile receiver is  ideal for any- 
one wanting to listen In t o  
worldwide communlcat~ons. 
With 32 programmable 
memory channels, SSB/ 
AM/RTTY/CW/FM (opt.J, 
dual VFO's, scanning, select- 
able AGC and noise blanker, 
the IC-R71A's versatility Is  
unmatched by any other 
commercial grade unit In its 
price range. 

-2 

Keyboard Entry. ICOM 
introduces a unique feature to 
shortwave receivers ... direct 
keyboard entry for simplified 
operation. Precise frequencies 
can be easily selected by push- 
ing the digit kqn; In sequence 
of frequency. The frequency 
will be auromatically en t~red 
without changing the main 
tuning control. 

Super!or ?aceivpr Pcr- backed Dy an internal lithium 
for-rrimce. Passband tuning, memory battery. 
wide dynamic range 1 IOOdB], a 
deep IF notch filter, adjustable 3@tlons. FM, RC-11 wireless 
AGC [Automatic Gain Control) remote controller, synthesized 
and a noise blanker provide voice frequency readout, 
easy-to-adjust clear reception IC-CK70 DC adapter for I2 volt 
wen in the presence of strong operation. MB-I2 mobile 
interference or high noise mounting bracket, two CW fil- 
levels. A preampl~fier allows ters, FU2-5OOHz 
improved reception of weak and FL63-250Hz. 
sianals. and h~ah-arade ., - -  

32 Tunabf~ Memori~s. 
Thirty-two tunable memories. 
more than any other general 
coverage recerver on the 
market, offer mtant recall of 
your favorite frequencies. Each 
memory stores frequency, VFO 
and operating mode, and is 

First in Comrnwnications 
J 102 

lCOM Amerlca, Inc., 2380-116th Awe NE, E e l l ~ u e ,  WA 98004 / 3331 To-od Drhrc, Sulte 307, Dallas. TX 75234 
All n- ,vlnca~lom a n  ipproxlmmc md rubJm ro rhnnqc wlthwt nollce or obnqatlon N I  ICOM radlol slgnmcanny exceed FCC rrqulnlam nmllng splrlaw rmhrlom RIIAIOM 



What To 
Look For In A 
Phone Wtch 
Thc, hvst wav to decide 
what patrh is right for you 
is to first decide what a 
patrl i  should do. A patch 
should: 

Give complete control to 
the mobile. allowing full 
break in nperation. 

Not interfere with the 
nnrmal operation of your 
base station. It shoilld 
not require you tn ron- 
nect and disconnect cab- 
IPS (or flip switches!) 
pvey  time you wish to 
use your radio as a nor- 
mal base station. 

Not depend on volume or 
squelch settings of your 
radio. It should work the 
same regardless of what 
yuu do with these con- 
trols. 

You s h o ~ ~ l d  be able to 
hvar your base station 
sp4aker with the patch 
installed. Remember. you 
have a base station be- 
cause there are mobiles. 
O N E  O F  THEM MIGHT 
NEED HELP. 

The patch should have 
standard features at 
no extra cost. Thew 
should include progmm- 
mable toll restrict (dip 
switches). tone or r o t ay  
dialing, programmable 
p a ~ r h  a n d  a c t i v i t y  
timers, and front panel 
indirators of channel and 
patch status. 

ONLY SUAJtT PATCH 
HAS ALL OF THE 
ABOVE. 

Now Mobile 
Operators Can 
Enjoy An 
Affordable ' 

Personal Phone 
Patch. . . 

WII~I<DII~ an expensive 
rv iwat~~r .  
115itig anv FM tranceivrr 
as a hasp station. 
Thr  serrc,t is a SIMPLEX 
aut<~patch. T h r  SMART 
PATCH. 

SMART PATCH 
I s  Easy To Install 
To in+~al l  SMART PATCH. 
connc3~.t the m~t l t ic t~ lorrd 
comptller SWIP r i b t ~ ~ n  cable 
to nlic audio, recc~iver 
discriminator. PIT. and 
power. A ni13dular phont* 
cord is prnvided for rnn. 
nectiot~ to ymtr phone sys- 
tem. Sound simple? . . . 
rl IS! 

Communications Electronics Specialties, Inc. 
I!O. Hc~x 29:10. Winrrr Park, l' l~,rida X27'HI 
T ~ l r p h ~ , n ~ :  (305) 645-0474 O r  w U  IOU-bee (800)327-9956 

How To Use 
SMART PATCH 
Plnc-in?] .I call i 5  sin~ple. 
Send your acrrss cnde 
from your 11111hile (exam- 
pl r :  '73). Thi, brings up 
the Patch and ~IIII will 
hear dial tcrne transminrd 
from your base staticm. 
Since SMART PATCH is 
checking abn~i t  [,nrc per 
second tlr see if you want 
to dial. al l  you have IIJ [In 
is key your Iransnli l t~r. 
then dial thr  phone num- 
ber. You will nour hear 
the phone ring and some- 
one answer. Sinrc, the en- 
hanced contrt~l svstrnl of 
SMART PATCH is con- 
stantly checking 111 see if  
you wish to talk. y~n t  need 
to simply k w  yo111 Iralls- 
mitter and then talk. 
That's right, vuu simply 
k1.y your transminer to 
interrupt the* phone line. 
The h a w  stati~ln atlto- 
lnalirally stops lransmil- 
ling aflrr you k w  yottr 
mic. SMART PATCH d w s  
not rrquirr any sperial 
tone eqtltprnenl ti, r lm t r i ~ l  
vour h a w  station. It Sam- 
ples v e y  high hequrnry 
noise present at yl>ltr 
receivers diu-riminator m 
deterniine if  a n ~ ~ ~ h i l e  is 
present. No words or sylla- 
hles are ever bst .  

SMART PATCH 
I s  All You Need 
To Automatically 
Patch Your Base 
Station To Your 
Phone Line. 
I I s v  SMART PATCH for: 

Mobile (or rt*nic!tc2 t~asel 
tr, pl~nnc, linp viit Simplex 
haw.  (see fig I .) 

Mobile III M l i l ~ i l ~ *  via in- 
terronnectrd base sla- 
tinns krr r,xtc.nd~,<l rangt.. 
(SI>I, fig. 2.1 

t.lrphoncs linv to tn~,hiic. 
(nr relnotcB I ~ a w ) .  

SMART PATCH Itses 
SIMPI.tX HAS€. S-FA- 
TION EQCIIPMt.NT. Usr. 
ylntr orrlinarp I~ase sta- 
tion. SMART PATCH 
d ~ e s  this u , i t I~o~ l t  itltrr- 
f ~ r i n g  with thc, nr~rnial 
owB of yrrltr railin. 

WARRANTn 
YkS, 1x11 days r,l urarran. 
tv protartion. YCIII ~ i r np l y  
can't go wrong. 
An FCC tvpe dcct.pl~d 
~ - ~ u p l e r  is a i l  kir 
SMART PATCH. 



Up Front and Center! 
- F - n  - 

'r,n17a30 - - /  - ,  
The exceptional front-end selec- 
tivity and sensitivity, coupled with 
Kenwood's excellent audio section, 
gives you lots to hear! Compact 
design makes this transceiver at 
home in the shack or on the go! 

L'1rr1- n; ,, 1 1  ad l > p ~ ' * l  r j  oci 

171 Mcr1t1-funct~on memory channels 
The TR-795017930 'remembers" fre- 
quency offset, and opt~onal subtone 
channels Memor~es 1-1 5 are for slm- 
plex and "normal" repeater operat~on 
Memory palrs 16/17 and 1811 9 are for 
"odd-ball" spl~ts Memor~es " A  and 
"B" store upper and lower band scan 
l~rnlts The rad~o "beeps" when 
memory channel 1 1s selected 

L(:i; reat:ni~t. Extended frrqciericv covcraqe. 
Indicates receiveltransmit frequency. Covers 142.000-148.995 MHz ln 
frequency offset, sub-tone selection, 5-kHz steps. Repeater offsets are 
memory status. An LED readout ~ndi-  automat~cally selected ~n accordance 
cates S & RF units, REVERSE. CENTER wlth the ARRL 2 meter band plan. The 
TUNING. PRIORITY, and ON AIR. front panel "0s" key may be used to 

Prograrnrnable scanr~ina, with allow manual changes In offset. 

cf.n??r-s+op tirnlnq. Multi-function keyi~oard. 
M~croprocessor technology allows The 16-key DTMF pad can also be 
you to scan Ihe entire 2 meter band, used for dlrect frequency entry, Sub. 

tone select~on, memory address and 
scan programming. The keyboard is 

band scan-a Kenwood exclus ~llum~nated for n~ght tlme use 

REV C.  TUN11 

, I '  , ) I ~ ,  ~ I I ( ~ I O I I ( ,  s i l l  ,I~!?,I i L I c , ~ ( ,  I t 4  ,'llr,, 1, ; ' I  ) ,#J  111Icirmat10n IS avall- 
TU-79 thrt?~: frequency tone un~t IvlC~5.i n lo t~~ le  ir~ic:rophonf? able fronl i ~ t r l l i  IIIIP~! Kenwood dealers. 
PS-430 nower sunnlv IvlC-46 16-kev autooatch . -  - -  7 -  - - -  

KPS-12 f~xed-s ta tc  'power UPIDOWN mkrophone 
supply for the TR-7950 S W - I  2m. lOOW 
KPS-7A fixed-station power antenna tuner 
supply for the TR-7930 SW-100AIB power meters 
SP-40 mobile speaker PG-:34 nolse f~lter 

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 

Moil51 TR 7950 ( 4 5  walls1 shown 1H 1930 ,s ~rlenl!cal, bl11 wclll 75 nal tc  oiil@l I 
1 1 1 1  W ~ c t  LV,lln~rl :-tr-,'l 

ComolPle servrre mar l~a ls  arc ava!inhle l r l r  all lr,n KrnwooO !ransre,vcr; 2nd -r (,\I a C r e 5 5 o n P 5  
Cornplnrl Ci+ltlorn~,i QI1770 

S p r r  llrraliortr arrn nr,rc-< arr. siih!Prr cl~ar>gP wtl!ioi,f rloricc- or onliyal',lf? 
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MFJ TUNERS 
Accumta meter reads SWR plus 

forward and reflected power In 2 ranger '   and 2000 watts). Meter light re- 

Matches crux, batanad I lna, nt+ 

MFJ's 1.5 KW VERSA TUNER Ill 
M F J ~  5229.95 

Run up to 1.5 KW PEP and match anyfesdllnr 
eontlnunuslv from 1 8 tc 30 MHz coax balanced 
line or random wire. 

Bullt-In SWRMlattmatar has 2000 and MO watt 
ranoes. forward and reflected Dower. 2% meter 
mo;ement. 6 position antenna'switch handles 2 
wax iines (direct or through tuner), wire and ba- 
lanced lines. 4:l balun 250 pf 6 KV variable capac- 
itors. 12 position inductors. Ceramic rotary switch. 
All metal black mbinet and panel gives RFI pro- 
tection, rigid construction and sleek styling. Flip 
stmd tilts tuner for easy viewing. 5 x 14 x 14 in. 

tune ups and a versatile s ~ x ~ ~ s l t i o i  antenna swltct 
lets you select 2 coax iines (direct or thru tuner). 
random wire or balanced ilne and dummy load. 
A I8rga afflcl@nt almound Inductor-3 Inches In 

diameter+ives you plenty of matchlng range 
and less losses tor more watts out. 100 volt tunlng 
mpacltors and heavy duty switches gives you safe 
arc-free operation. A4.1 balun is built-in to match 
balanced lines. 
Order your wnwnlancr pacluw IWW and Mljoy. 

2 K W  COAX MFJ"" 

SWITCHES $19.95 
MFJ-17tZ. $19.95.2 paltlOW. 
60 dB isolation at 450 MHz. 

OBLIGATION. IF NOT SATISFIED, RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND (less shlpplng). 

One year uncondltlonal guarantee Made In USA 
Add $5 00 eath shipplng/handllng Can or wrlte 

.. - -  

Less than .2 dB loss. $29.95 M F J - ~ ~  
SWR below 1:l.Z. 
M F J - l m ,  t2s.S. 
6 potltlons. White 
markable surface 
for antenna position 

2 x 3 x 4 inches. 

MFJ's Moblls TUNER 

MFJ-WC 

579.95 

Dalglmd for mobllc opentlonl Small, compact. 
Takes lust a tiny b ~ t  cf room in your car. SWR/dual 
range wattmeter mares t ~ r  ng fasf and easy Care- 
ful oiacemert of wntro s anfl meter makes antenna 
tuning safer whlle in motion. 

Extends your antenna bandwidth so you can op- 
erate anywhere in a band with low SWR. NO nrrd 
to go wt l lda and mdlust  your moblla whlp. Low 
SWR also glves you maximum power out of your 
solid state rig-runs cooler for longer life. 
Handles up to 300 watts PEP RF output. Has 8f- 

ficient a~rwound inductor. 1000 volt capacitor spac- 
Ing and rugged alumlnum cabinet. 8x26 inches. 
Mobile mounting bracket available for B.00. 

TOORDERORFORYOURNEAREST 
DEALER, CALL TOLL-FREE 

MFJ ENTERPRISES. INC. 
Can 601-323-5869 in Mlss and outside 

Box 494. M~ss~ssipp~ State. MS39762 
mntinental USA Telex 53-4590 MFJ STKV 
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muchas gracias 
Yesterday, September 20, a massive earthquake struck Mexico City. Early reports from the networks and wire services told 
of massive damage in Mexico city, with 25 per cent of the downtown area totally destroyed, and thousands of deaths and 
injuries. Ships have been reported missing and a tsunami wave has severely damaged part of the Mexican coastline. All 
modes of communications - save one - are down and authorities have no idea of when service might be restored. 

The one mode that's still functioning is Amateur Radio. I've spent quite a while listening to the emergency traffic being 
passed on a number of frequencies; I'm quite impressed with how effectively and efficiently health and welfare traffic is 
being passed. But there's a personal sense of urgency to my listening this time: my youngest brother is in Mexico City, 
and my family and I have no way of knowing if he's all right. 

Yes, the State Department has a hotline that we can call for information. But the volume of calls received has shut 
the system down. We've contacted the Red Cross, but they're too busy passing more important medical traffic. 

So how do I - or others - use Amateur Radio to find out about the safety of relatives and friends? I'm afraid I really 
don't know. I usually have the world at my fingertips with just the flip of a switch and the twist of a dial. But right now 
I feel just about totaUy helpless in trying to get the information I want. 

Propagation into the Mexico City area isn't favorable at this time, and I'm reluctant to jump into a pile-up and add to 
the confusion. But that's about the only way I'll be able to get a message to the Mexican stations. . . . 

There's got to be a better way! Would somebody please tell me what i t  is? 
Craig Clark, NlACH 
Assistant Publisher 

Craig's inital feeling of helplessness is completely understandable. The circumstances - a natural disaster that, within 
60 seconds, killed thousands, injured many, and caused catastrophic damage to buildings and other structures - is something 
one doesn't deal with on a daily basis. So it's hard to pull from your experience and function immediately. 

Several things are reasonably certain: all conventional power and most telephone service is gone. Few reliable means 
of comm~lnicating with the outside wsrld are available. This is where Radio Amateurs come in - and what a service they 
provide! Just after the Mexico City earthquake, several stations were on the air. One in particular that I heard was XEIVIC, 
manned by Vic and Sergio, who did a yeoman's job in passing health and welfare information, medical emergency traffic, 
and high-level government phone patches.+ 

With this in mind, what can you do to find out about the safety of a relative or friend known to be in a particular area 
when disaster strikes? 

LISTEN CAREFULLY. If there's any activity from the devastated area, someone as competent as XElVlC is likely to be on 
the air. If you don't hear such a station, continue listening. Chances are good that other Amateurs, in your country will 
have information and be discussing it. 

IF YOU DON'T HEAR, ASK. Once again, someone will probably know something. 

THINK. For the distances involved, time of day, and propagation, one particular band will be optimum. Try it. XElVIC was 
59+ into New Hampshire on 80 meters for hours. 

LISTEN FOR INSTRUCTIONS. The control station will make it very clear as to how he wishes to proceed. Many stations 
will be attempting to contact him. Though it may seem like contest operation at times, remember that a disaster has occur- 
red, and discipline is essential. 

BE BRIEF. Once you've gotten the traffic handler's attention, give the information required - nothing more, nothing less. 
Decide beforehand how you might be able to help. 

ACCEPT THE RESPONSE GIVEN. Once he contacted the requested relative or friend, XElVIC kept his side of the conversa- 
tion short and sweet. Most of the time the news was very good, and in every case he was extremely reassuring. Remember 
that many other stations are concerned about their loved ones, too. 

OTHERS WILL HELP PASS YOUR MESSAGE. In this case, stations in the Houston area acted in this capacity. 

Every emergency, of course, is different. These are just a few suggestions that have been applied in the past and appear 
to work. 

Rich Rosen, K2RR 
Editor-in-Chief 

Note: Craig's brother returned home safely on September 23. 

'XEIVIC was just one of many Mexican stations that should be commended. In addition, the list of U.S. and international stations that contributed to the 
success of this traffic handling situation in a calm and controlled manner is long, and one we should be quite proud of - proving once again how Radio Amateurs 
rise to the occasion and provide a real service. 



AMATEUR RADIO'S RESPONSE FOLLOWING MEXICO CITY'S DISASTROUS EARTHQUAKE was, in short, 
simply overwhelming! Almost before the first major tremors ended, a number of Mexico City 
stations were on and handling emergency traffic with the U.S. As the hours wore on and the 
disaster's magnitude became apparent, the activity multiplied-but even after health and 
welfare input began, and despite a variety of message handling techniques, turnaround was 
generally quite fast. W9JUV's first two Friday afternoon inquiries came back "We're all 
OK!' Crom XElUSA in under five minutes! Amateur Radio's media exposure was also fantastic 
due to the complete breakdown in commercial communications, which left the Amateur Service 
as the media's only source of earthquake news for a number of hours. 

Media Abuse Of kmateur Radio Was - ~ l s o  Extensivg, unfortunately. Not only was there the 
usual "XElXX, I have Newt Newshawk of NNUT-TV in the shack to ask you some questions," but 
all of the networks and news services invaded the Amateur bands for their cdordination and 
logistical efforts1 Heard on 20 meters Sunday were equipment requests, personnel assign- 
ments, even arguments about overtime and the special menu needs of a network anchor! To 
its credit, NBC's Mexico City station did take health and welfare traffic and made phone 
calls when not otherwise occupied; inquiries to the others triggered responses that they 
were too busy on network business to make casual contacts! The FCC is very much interested 
in this media incursion. and would appreciate receiving svecific revorts and taves on it. 

One Glaring Weaknessof Amateur ~ a d i o  Was Quickly ~;~a>ent-anxious friends and relatives 
of persons living in or visiting Mexico City had no idea of how to locate hams willing to 
relay messages. Though churches, community- centers, the Red Cross, and even some ~mateur 
Radio dealers were often able to make referrals, what's badly needed-before another such 
catastrophe strikes-is a well advertised, accessible conduit through which the public can 
reach Amateur Radio operators able to communicate with loved ones abroad. 

Despite Such problems, However, Amateur Radio Has Never Served People Better or made a 
deeper, more favorable impression on the public than it has during Mexico City's agony. 
"Well donel" to all involved, both those actively participating and the many "stand-bys." 

STATE AND LOCAL REGULATIONS MAY NOT PRECLUDE AMATEUR COMMUNICATIONS, the FCC declared 
in its September 16 decision on PRB-l! Responding to the ARRL's July, 1984, request for a 
Declaratory Ruling limiting local limitations on Amateur operations and stations, the FCC 
affirmed "a strong federal-interest in promoting Amateur cbmmunicationsw and cited Amateur 
Radio's value in "providing emergency communications"and "a reservoir of trained operators, 
technicians and electronic experts," as well as furthering international goodwill. In sum- 
mary, they said: "State and local regulations that operate to preclude Amateur communications 
in their communities are in direct confli-ct with federal objectives and must be preempted." 

Though They Did Not Specify Any Minimum Antenna Height, the Commission further stated, 
"...local regulations which involve placement, screening, or height of antennas based on 
health, safety, or aesthetic considerations . . .  must be crafted to accommodate reasonably 
Amateur communications (with) minimum practicable regulation . . . . "  

Though The Lack Of A Specified Heigh~Will Cause Some Amateurs Problems, the FCC's action 
is certainly going to help the vast ma70ority. Also not covered are Amateurs who've signed 
restrictive covenants. since those are orivate contracts entered into voluntarilv. - ~-~ ~- ~ - -~ - ~ - ~ -  - ~ ~L -~~ 

Congratulations To The Commissioners And FCC Staff for a courageous decision, since their 
favorable ruling for Amateur antennas and overations will undoubtedlv be cited bv other ser- 
vices who'd alsg like to get out from under'the yoke of local regulation. 

POSSIBLE FEDERAL SANCTIONS AGAINST "ELECTRONIC EAVESDROPPING" are close to being intro- 
duced in the U.S. House of Representatives by Rep. Kastenmeyer. In his "Electronic Communi- 
cations Privacy Act of 1985," Rep. Kastenmeyer proposes restricting the monitoring of any 
transmission by "wire, radio, electromagnetic, br photoelectric system . . . "  with exceptions 
for communications "readily accessible to the public," statioris for general public use, 
distress signals, police or fire, and Amateur or CB stations. Penalties for commercial 
violators could be $25.000 and a year in prison, others $5,000 and six months. 

Though The Goal Is Almost ~ u r e i  The ~;otection Of Cellular Radio, the effect on Amateurs 
and others with a general interestYin r ~ o m m u n i c a t i o n s  could be serious. 

APPLICANTS WHO FLUNK AN AMATEUR EXAM NEEDN'T WAIT 30 DAYS to retake the exam, the FCC 
deci e eptem er In its ecision to e iminate t e waiting period entirely, the Commis- 
siondair:ed a 5ela;'had littledbenefit and iropping i: could permit applicants who failed 
the first day of a two-day hamfest to review problem areas for a second-day try. 

DPBSL WILL BE THE CALLSIGN FOR THE UPCOMING EUROPEAN STAFFED SPACEFLIGHT, now set for 
launch about October 30th on Space Shuttle Flight 61-A. They will listen on 437.125, 
437.175, 437.225, 437.275, 437.325, and 437.375 MHz; transmit on 145.450, 145.475, 145,550, 
or145.575MHz. 1 4 5 . 5 7 5 d o w n . 4 3 7 . 2 7 5 M H z u ~ w i l l  bethenormal pair 

Rumors Of 10 Or 15-Meter operation Still Persist at presstime;'an operating schedule 
for DPPSL has not yet been released. 

6 November 1986 





practically speaking 
Dear HR: 

Joe Carr, K41PV, is off to a fair start 
with his new column, "Practically 
Speaking." The first (September, page 
67) was good reading. I have to 
disagree with him, however, when he 
says, "The first time to think about 
repairs is while you're unpacking the 
new rig." 

Wrong. 
The first time to think about repairs 

is before the rig is bought. The un- 
packing stage is too late. 

Before plunking down several kilo- 
bucks for one of the so-called state-of- 
the-art transceivers being marketed 
these days, ham operators need to 
give serious, careful thought to the 
crucial question of servicing and main- 
taining the rig(s) under consideration. 
Is that aspect of ownership going to 
cost an arm, a leg and another part of 
the anatomy - to say nothing of the 
time spent without the rig while it is 
being repaired? 

Are all those gongs, whistles, and 
bells really worth it? Does one truly 
need rigs that scan, memorize, and do 
all sorts of other gimmicks? 

Two years ago two friends here 
returned from a national Amateur 
Radio convention, each with a new rig. 
One, who purchased the latest offer- 
ing from Brand X had to return the rig 
to the factory once while it was still 
under warranty and twice since then. 
He is no slouch at troubleshooting or 
repair, but the complicated circuitry 
was more than he could handle. 
Labor, parts, and shipping charges 
thus far have totaled more than one- 
third the original cost of the 
transceiver, and he has been without 
it almost 60 days altogether. 

My second friend brought home a 
shiny, new Brand Z transceiver. It was 

almost a pure vanilla rig with no gong, 
whistles, or bells. It has sat in his shack 
and has worked, day in and day out. 
What few repairs have been needed 
were done quickly, easily and inexpen- 
sively. He said he decided on that rig 
because of the ease and simplicity of 
operation. 

Practically speaking, which do you 
think was the more practical? 

Fred Conavita, W5QJM 
Austin, Texas 

audio filter design 
Dear HR: 

Instead of transforming the normal- 
ized values of a five-branch Butter- 
worth low-pass prototype design to 
get a five-branch high-pass as dis- 
cussed in Stefan Niewiadomski's arti- 
cle, "Passive Audio Filter Design," 
part 2, October, 1985, a simpler pro- 
cedure would be to use standard-value 
capacitor (SVC) filter tables to select 
an appropriate design. The fact that 
the SVC capacitor design values are 
exactly identical to the commercially 
available standard values simplifies 
construction. For example, a "near- 
Butterworth" 500-ohm design with a 
VSWR of 1.023 and a 3-dB cutfoff fre- 
quency of 487 Hz (within 3 percent of 
the desired 500 Hz cutoff frequency) 
is available with standard values of 
C1,5 = 0.82 pF and C3 = 0.33 FF. L2,4 
= 96.2 mH. The 20-dB and 40-dB 
attenuation frequencies are 330 and 
214 Hz. Some SVC filter tables appear 
in The ARRL 79%5 Handbook, (pages 
2-40 through 2-44) and a more com- 
plete selection will appear in the next 
edition of the Radio Handbook, edited 
by Bill Orr, and to be published soon 
by Howard W. Sams and Co., Inc. The 
SVC filter tables were also published 
in the record of the IEEE 1985 Inter- 
national Symposium on Electromag- 
netic Compatibility held in Wakefield, 
Massachusetts from August 20-22. 
ham radio readers should therefore 
understand that the preferred pro- 
cedure for designing simple passive LC 
filters, such as generally required by 
the Radio Amateur, is to use SVC filter 
tables. The procedure explained by 
Niewiadomski should be used only 
when there is a special requirement for 

a specific response type and a precise 
cutoff frequency. 

Ed Wetherhold, W3NQN 
Annapolis, Maryland 

J-pole or Zepp? 
Dear HR: 

KIWWT is right, (see "J-pole or 
Zepp," Comments, ham radio, Feb- 
ruary, 1985, page 8). The J-pole an- 
tenna described in KD8JB1s earlier 
ham radio article* is a Zepp antenna. 

The Zepp arltenna, named for the 
Zeppelin airship, on which it was 
originally used, is not a 314-wave 
antenna operating against a 114-wave 
counterpoise as KD8JB mentioned in 
the reply comments. 

The classical Zepp antenna, now 
more than 75 years old, is a full-wave 
current-fed antenna with a 114-wave 
section folded over on itself. This leads 
to a I IZwave end-fed radiator with 
114-wave matching transformer. The 
antenna at first was a balloon antenna 

fig. 1. The Zepp antenna, designed by Dr. 
Hans Beggerow, was patented in Ger- 

(fig. 1) and looked like an inverted J- 
pole dangling from the airship. In the 
beginning the matching transformer 
and the radiator hung in a straight line. 
Later on the matching transformer was 
set at right angles to the radiator. This 
low-voltage input feed arrangement 
was a remarkable improvement over 
the dangerous practice of using a high- 
voltage feed in the presence of the 
oxyhydrogen-gas with which the bal- 
loons were filled. 

Alois Krischke, DJBTRlOE8AK 
~ u n i c h ,  West Germany 

"See "All-metal, 2-meter J-pole Antenna," ham radio. 
July, 1984, page 42. 
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THE LUXOR 9900 KNOWS 

Where all the satellites are 

Up to 36 satellite locations can be programmed tor instant recall. 
The antenna controller is integrated into the satellite receiver. The 
hand-held remote control activates a 3-speed actuator action 
which precisely locates the satellite 
position for maximum signal receptio 

and fin 
n. 

ie tune: s the a1 

Where all the channels are 
Every channel on every satellite is individuallv factorv programmed 
prior to delivery. All audio and video ir ?ady for 
automatically. As new channels are ad1 e addec 
program. The 9900 is ready to receive individ~ 
information for up to 864 separate sel 
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?riel sel ection 

All about stereo Hi-Fi sound 
5 audio modes, factory programmed to individual transponders, 
deliver the right sound system auton 
selected. Dozens of audio subcarr 
program for audio only hi-fi enjoyment (lncluQing DolbF NOlse 
Reduction) in addition to television. 
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NOW LUXOR HAS UNIFIED SATELLITE, ~ 
VIDEO, AUDIO AND COMPUTER 

TECHNOLOGY IN A SINGLE INTEGRATED 
HOME SATELLITE TV SYSTEM 

So advanced it's as easy 
90 operate as an ordinary N 

I 

The front panel 

The hmr hand-held 

to make life easy. Distindsve 
color aeclions present satellite 

LED display tells you what end &annel selection functions, tuning functions 
satellite you're on, what channel you're watching, what and switching funcllona For most viewing however. 
sound system you're receiving and a signal bar graph video and audio delivery will be automatic. When a 
indicates signal strength. All functions are controlled channel is selected, the exclusive Luxor Micro-Step" 
horn the hand-held w~reless remote. Tuning Sysbm (LMS) automatically seeks out the right 

signel wtthin that channel's fwuencv. The receiver 

The sky is alive with the a&maticaily compensates for any fwm of frequency 
drift due to climate or bansponder variances. 

sound of music ernal Ti f be asslgned to ind~dual  
~ d s  b mi mstrial interterenca 

Luxor loudspeakers bring new life to TV 
audio, mono or stereo, and much more. Ana a discrete parental lock-out can eliminate 

Satellite audio sub-carriers broadcast a one or more individual channels on a single 

wide range of music for audio only. satellite, as desired. 

These optional high quality 6-speaker That3 it. Advanced Luxor technology has pro- 
sets (3 per side) are available in passive duced a system so simple to operate, yst corn- 
or active models with sound power up ptete enough to satisfy the most fanatic video- 
to 40 W per channel. They are specially phile and audiophile. For the technician, the 
magnetic shielded for close location to h o r  9900 even has its own diagnostic system 
your TV set. built-in and ready at the touch of a button 

-- ------. - ,  , . ---- 
- 3$emYw61#140.- - -  -- 

- --wm-tirsMl 
\ 

- W l r ~ E u m @ m r n M I I -  
" 1 7 a e A t w r & ~ ~ N b ,  I ,, --m. 
- ~ h J S ( ~ m d w n l p u i w s ,  

.pddom(rcldw, 
the company is able to comb~ne The Luxor Model 9993 Block Satell~te Rece~ver IS des~gned and bu~lt to 
these technologies in the advanced function as an add-on receiver to Luxor 9900 mult~ple N's tnstallations. 
9900 series. After all, Luxor has been This low cost manually operated receiver offers independent channel 
a leader in radio, television and elec- selection for W s  located throughout the house. The 9995 can also be used 
tronic technology since 1923. as a stand-alone receiver for both C-Band and Ku-Band recept~on 



LUXOR HAS ADVANCED THE 
STATE-OF-THE-ART TO THE POINT 
OF ELEGANT SIMPLICITY FOR THE 
CONSUMER AND THE TECHNICIAN 

Each electronic innovation is incorporated to aid ease of operation, assure high performance reliability, and maintain outstanding quality of both picture and sound 

9900 Block Receiver 
Control Functions 
+ Integrated satellite receiverandantennacontmller. 

C-band (4 GHz) and Ku-band (12 GHz) capable. 
Remote contrd switchable. 
Satellite direct access. 
Transponder direct access. 

+ Built-in A10 switch. 
+ "Normal" button return to lactory preset values. 

Built-in polarotor drive. 
Built-in RF modulator. 
Non-vdatile memory unalfected by poweroutages. 
Remote sensor inteiface. 

Programs 
+ Factory programmed for individual transponders on 

each satellite. 
+ Automatic c m t  audio systm factory pmgram- 

med lor each satellite and each transpond5 
+ Rogram capacity up to 864 individual selections. 

aud~o video matched and line tmed. 
+ Self-diagnostic micrqmcewx 
+ LED display of satellite, channel, audio systemand 

signal strength 
Video Functions 
+ Luxor Micro-Step" tuning sy?.tem (LMS). 

Baseband audio and video output for VCR or monitw 
+ Baseband input lor other video sources. 

Bu~lt-in polar~ty cantrol. 
+ Built-in programmable TI filter. 

Raw video (unfiltered, unclamped) for descrambler 
conectlon. 

Audio Functions 
+ Audlo subcarrier frequency read-out. 

W~deINarrow Bandwidth selection. 
+ Remote audio vdume control. 
+ Remote stereo balance contrd. 
+ Remote Dolby@ onloff 
+ 5 audio modes-2 mono. 2 matrix, and discrete 

stereo. Automatic multiplex selection. 
Built-in stereo Dmcessor. 

+ Dlrect loudspeaker drlve. 

9902 Remote Sensor 
Controls satellite system fran any m. 
Low-cost add-on for other TVs 
Comes complete with hand-held IR remotecontrd. 

9901 ~ e m o t e ~ ~ ~ ~ ~ o n t r o l  9995 Block Satellite 
+ Full-function, color-coded 

IR wireless remote control. 
+ Remote ONIOFF 
+ Discrete parental lock-out for individual channels. 
+ Remote mute. 
+ Volume confrd. 
+ Stereo balance. 

Channel UPlOown. 
+ Video fine tune. 
+ Audio fine tune 

Antenna fine tune. 
Satell~le selection. 
Channel selection. 

+ Div~ded into 4 easy-to-read segments: Satellite 
select~on, channel selection, tuning functions. 
sw~lchipg hmctions. 

9904 Actuator Interface - - 

+ 36V power supply to antenna drive. 
+ Surge protected. 
+ Voltage spikes pmtected. 
+ Design coordinated with 9900. 
+ Can be wall-mnted out of sight. 

Receiver 
+ Add-on "slave" to 9900 multiple TVk installations 
+Can function as a stand-alone block receiver; 

C-band and Ku-band reception. 
+ Manually operated channel selection. 
+ Video line tune. AFC defeat. 
+ Built-in VIH switch. 
+ Built-in antenna switch for satellite or local 

reception. 
+ ~mgrammedaudiofrequencies6.2 and6.8 MHz. 
+ Audio frequency selection 5.0 to 8.0 MHz. 
+ Widelnarrow audio bandwidth selection. 
+ Raw video output (unclamped, unfiltered) for de- 

scrambler connection. 
+ External TI filter input. 
+ Skew control 
+ Polamtor One contml wtput. 

+ Denotesnew featuresavailabb 
only on 9900 seties products. 

Luxor High-Performance 
Microwave Block 
Downconverters 
Des~gned and constructed tor continuous reliable per- 
formance, each Lwor unit is individually inspected 
and tested against all specification requirements. The 
Block Downconverter (30 dB gain m~n.) is used in 
conjunction with an LNA. The LNB Block Down- 
converter (60 dB gain min.) is an LNA and a Block 
Downconverter in onecompact package. Each unit is 
weather-tight, rust-pro01 and fully warranted. 

990619907 Stereo Thmughout Amalca 
~ - -  

Loudspeakers 1-(800) 245-9995 
+ Passive or actlve models. 

\ I 

Canada: Evolution Technology (416) 335 4422 
+ Up to 40 W per channel. Mexko: Klan SA 52 83 789 015 
+ 3 elements oer side; tweeter, mid-range and woofer. & 

+ Magnetic shielded. 
+ Automatic ONIOFF. 
+ LED indimton: standby and active. Luxor (North Amer~ca) Corp. 
+ Complete with line cable feed. 600 108th Ave. N.E., Bellevue. WA 98004 
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a compact 
75-meter monoband transceiver 

Modular design 

yields 30 watts PEP 

and high performance 

This article describes a compact monoband SSB 
transceiver that employs broadband techniques, IC 
building blocks, and an FET power chain. A detailed 
block diagram that shows all module interconnections 
is shown in fig. 1. As an extension of an earlier receiver 
project, the design provides all of the basic features 
required for convenient operation.' The receiver sec- 
tion offers excellent sensitivity and selectivity, audio- 
derived AGC, an S-meter, headphone or speaker 
operation, and above-average audio quality. The 
transmitter has amplified ALC and delivers 30 watts 
PEP to a 50-ohm load. The completed package is 
about the size of a 2-meter FM transceiver, measur- 
ing 2 x 5 x 6 inches (5 x 12.7 x 15.25 cm) and 
weighing about 2 pounds (1 kg). 

circuit description 
The transceiver employs a single conversion fre- 

quency plan with a !+MHz IF and a 5.0-MHz VFO. 
Receiver preselection is provided by a two-section 
bandpass filter (see fig. 2). Additional HF rejection is 
obtained from the transmitter's low-pass filter. 
Receiver mixer U1 is an active DBM which has been 
biased for maximum gain. Mixer output is fed to crystal 
sideband filter FLl  through a simple diode switching 
network. 

IF stage U2, shared by the transmitter, provides 45 
dB of gain with an AGC range of about 70 dB. Gain 
for the entire receiver is controlled via U2's AGC line. 
Automatic control is audio-derived from the output of 
audio amplifier U4. Manual control is provided by a 

voltage divider circuit. During the receive cycle, the 
two control voltages are gated onto the AGC line 
through diodes. The output of IF amplifier U2 is 
simultaneously fed to product detector U3 and trans- 
mit mixer U7. U3, an active DBM product detector, 
provides audio detection and additional system gain. 

Since gain is controlled exclusively through IF ampli- 
fier U2, audio amplifier U4 operates at full gain (see 
fig. 3). U4 provides 400 mW of output - more than 
enough to drive the transceiver's small built-in speaker. 
Attenuation is provided for speaker protection and for 

I headphone operation. 
AGC voltage is sampled from the output of U4, 

detected, and fed to  DC amplifier Q1. The RC time 
constant of 0 1  is switched to provide slow release time 
during receive, and fast release time during transmit. 
Q2 provides additional amplification of the control 
signal, sets the AGC threshold for U2, and drives meter 
MI .  M I  functions as an S-meter dbring receive and 
as an ALC indicator during transmit. The entire 
receiver section operates from a 12-volt source with 
an average current drain of only 50 mA on receive. 

I A small heatsink is  sufficient for intermittent SSB operation. 
but area should be increased for CW operation. Mounting FLl 
on rear panel saves internal space. 

By Rick Littlefield, KlBQT, Box 114 Barrington, 
New Hampshire 03825 

November 13B5 [rm 13 



i fig. 1. Module interconnections 

Low-Z microphone amplifier U5 is a standard op- 
amp circuit which develops the necessary audio 
voltage to drive balanced modulator U6 (see fig. 4). 
Like all other mixing devices in the transceiver, U6 is 
an active DBM. Provisions are made to unbalance the 
device when carrier is needed for RF chain or anten- 
na tuner adjustment. The output of U6 is fed through 
a diode switching network to sideband filter FL1 and 

IF amplifier U2. As noted earlier, ALC voltage is 
applied to U2 during transmit to maintain high trans- 
mitter output without driving the RF chain into 
saturation. 

Transmit mixer U7 combines the IF signal from U2 
with VFO drive to produce 75 meter output (a CW- 
only design would substitute BFO drive for the IF 
signal). The output of U7 is buffered and amplified by 

14 November 1985 



FL4 FL- I  TX 4UDIO 
ANTENNA VFO +R '1" I N  OUT YXR BFO +12V OUT 

1 ZOV 

".bn .I c.p.n,.oc. .r. in mlrrD 
,.,.dl Ir,Fk .f".r, or. I" p1COI.r- 
.d. (PFk r.s,r,.nces ar. in ohm* 
L = I.WO M = I,WO.WO 

L I  10 !urn. on 750.2. J lum #Ink 
L2 18 #urns on 110-1. #a. at I0 turn. 
T 1  9 #urns NO 10 1 3 on TT31.41 
r2 I 0  I #HI tmnslnrmer Imo,nloll 0lWdbulO"l 
UI.UI IM-14966 
UI UClJIOP 

fig. 2. Receiver module. All phasing and combining of transformer leads is done via the circuit board layout. Transformer 
leads are simply inserted as shown. 

Receiver. exciter. and audio modules are located in the top 
compartment of the cabinet. VFO is in a separate front 
compartment. 

pre-driver Q3 (see fig. 5). If CW operation is antici- 
pated, keying can be added to this stage by simple 
modification. Output can be reduced for QRP opera- 
tion by adjusting the bias on gate No. 2. The output 
of Q3 is filtered by a two-section bandpass filter. Driver 
Q4, an inexpensive HEXFET, develops 300 m W  PEP 
- enough power to drive PA 05. A three-element low- 
pass filter reduces harmonic content prior to final 
amplification 

The final amplifier Q5 is a Motorola T-MOSFET 
operating in class A 6  (see fig. 61. At 4 MHz, this 28- 
volt device operates at approximately 70 percent effi- 
ciency, provides 20 dB of gain, and delivers 30 watts tor at the LPF input samples amplifier output for ALC 
PEP into a 50-ohm load. The output of Q5 is trans- (see fig. 7). 
formed to 50 ohms through 4:l balun T5 and fed into All transmit and receive mixing functions are han- 
a 7-element Chebyshev low-pass filter. A diode detec- dled by active DBMS, devices which require no more 

+ 

L O - 2  
47 LO PHONES OR 

E.~.pl .I 1ldk.l.d. drlml 
r,b.s 01 U ~ C I D ~ C .  e n  In m k m  
lends G F I  0th." sr. In plco*r. 
ads IPPL ,.SII,.DC.S a n  1" ohm- , . !.WO M c 1.000.mo 

Y, YW ,Am-"1 
(I, YPFIOI 
0 2  IN1906 
"1 LYll l l  

fig. 3. Audio amplifier1AI.C-AGC. 

November 1986 15 



Except as bdic.l.d, decimal 
FROM I.IU.. OI ~.p.~it.nce am in micro. ORIVER 

TX farads (,,FI. others are in plcolaf. OUTPUT 
MIXER +T L 3  ads (pF# ~os l s tanc~ r  are In ohms. ( 0  3 W PEP)  
0 - R = 1.000 M = f.WO.000 

r - -  

CIRCUIT  

13  40 turns No. 28 on TS0.2 
~4 40 lumS NO. 28 on 750.2. 1app.d at 13 turns 
' 5  21 tvma No. 24 on 750-2 
0 3  40673 YOSFET 
po mm-723 ( ~ a d b  Shack No. 178-2013) 
RFCI 10 turns No 28 On W 3 - 8 0 1  

fig. 5. Driver/BPF module. 

MIC I-F I - F  V F O  DRIVER 

IN 

r3.74 9 lurnr No 28 x 3 on F13743 
US ~ 7 4 1  
U6.U7 LM1496G 

fig. 4. Exciter module. 

than 100 mV of injection. Consequently, drive de- 
mands on the VFO and BFO are minimal. VFO Q6 is 
a popular Hartley JFET circuit which is buffered by 
source follower Q7 (see fig. 8). An optional VFT con- 
trol aids fine tuning. BFO Q8 is a simple unbuffered 
crystal oscillator (see fig. 9). If the transceiver is 
modified for 20 or 15-meter operation, the BFO out- 
put should be carefully matched to its load and filtered 
for harmonic content. 

The PA is the only stage requiring a 28-volt source. 
An on-board monolithic voltage regulator reduces sup- 
ply voltage to the other stage$. The compact 28-volt 

1 
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l h  - o+eev 
BIAS z h  
SET lo 0110 Ool  Excepl as lnd1c.t.d. d.cIm.1 

R-SET 

R = 1.000 M = 1,000,000 
6 6 0  

T / R  RELAY)  

0 5  MRF-138 Motamla 'I-MOS" power F E l  
RFC2 9 lurns No 24 On F843-801 
TS 4:1 balun. 14 turns a I m r  on 

two F750-43 

fig. 6. Final amplifier module. 

FROM 

RELAY 
ANTENNA 

IN914  

Excap1 as lndw.hd, decimal 
A L C  valuer o l  cap.dlancs are in micro- 

SAMPLE la rds  (SF): others are In plcol*r- 
ads k = (pFk I,W teslslencer M = 1.WO.WO are In ohmr. 

Lb.L7 22 turn* No. 24 on 750-2 

fig. 7. LPF/ALC detector module. 



ICOM introduces the 
IC-R7000 advanced technol- 
ogy 25-2000MHz' continu- 
ous coverage communications 
receiver. With 99 owner pro- 
grammable memories, the 
IC-R7000 covers low band, 
arcraft, marine. business, FM 
broadcast, amateur radio, 
emergenry services, govern- 
ment and television bands. 

Keyboard Entry. For 
simpl~fied operation and quick 

tuning, the IC-R7000 features 
direct keyboard entry. Precise 
frequencies can be selected by 
pushing the digit k e n  in s e  
quence of the freq~ 
turning the main t~ 

Jency or 
~n ing  knc 

The 

IC-R7000 automatically memo- 
rizes frequencies in use while 
the unit is in the scan mode. 
This allows you to recall 

luencies that wer by frec 
lb. 

Fe; 
. ,- 

09 Memories. 
IC-R7000 has 99 memories 
available to storeyour favorite 
frequencies, including the 
operating rode.  Memory 
channels may be called up by 
simply pressing the Memory 
switch, then rotating the 
memory channel knob, or by 
direct keyboard entry. 

Scanning. A sophisticated 
scanning system provides 
instant access to most used 
frequencies. By depress~ng 
the A u t p M  switch, the 

e In use. 

'Q Xher Outrtandlr 
VtgrPs: 

r M  wide/FM narrow/AM/ 
upper and lower SSB 
modes 
Six tuning speeds: 0.1, 1.0, 
5, 10, 12.5 or 25KHz 
Dual color fluorescent dis- 
play with memory channel 
readout and dimmer switch 
Compact Size: 4-3/8"H 
x 1lVi-W x 1Ol/saD 
Dial lock, noise blanker, 
combined S-meter and 
center meter 

* OF 
ren 

* OF 

~tional RC-12 infrared 
note controller 
~tional voice synthesizer. 

\*'hen recording, the voice 
~thesizer automatically 
iounces the scanned 
nal frequency. 

- - . . -. - - - - 
'Specifications guaranteed 
from 25-1300MHz. No  addi- 
tional module required for 
coverage to  approximately 
2.OGHz. - --  

See the  IC-R7000 receiver 
at your local authorized ICOM 
dealer. Also available is the 
IC-R71A 0.1-30MHz general 
coverage receiver. 

ALL THIS AT A PRICE 
YOU'LL APPRECIATE. 

First in communications 
ICOM America, Inc., 2380-116 Ave NE, Bellewe. WA 98004 / 3331 Towemod Drive, Suite 307. Dallas. TX 75234 

All sued spcdndom a n  -1mnc nd suqm m clucqe WUmm mnce or obllg.non. All ICOM d l o l  rlgntnuncty a& FCC v l a l o r a  llmnlng s p u r l ~  m l u l m .  RIOODBBS 



Excap! ,s mdka1.d. 0.clm.l 
.,IY.S 01 C ~ W C I I ~ ~ C .  an tn mkro  
~arad. ,,,Fx omen an m Crolar. 
.#I IPFL. res,sran~es ,re ~n onml 
r = ,.mo M - l.mo.mr 

L, 3. I"",. NO 18 0" lsnd 8.pp.d .I a ,urn. 
08 .07  MW.802 

fig. 8. VFO module. 

E E N L  as 17d lC~ l .d .  d*clm.l 
W . I U ~ I  OI ~ , r n ~ t t a m c ,  o n  on rnzcro. 2 7 0  0 0 0 1  
!.,ad l,, FX O,".r,.Ie mmco1.r 

08 MfT.102 
I #  N O 1  5 *Hz (LEB) 

fig. 9. BFO module. 

fig. 10.Thetransceiver'scompact power supply measures only 
4 x 3 x 3 inches (10 x 7.6 x 7.6 cml. The design is simple, and 
can be built entirely from off-the-shelf Radio Shack com- 
ponents. 

fig. 12. Transceiver on-board regulator. 

LEO POWER 
l N D l C 4 r O R  

I fig. 11. External power supply schematic. 1 

external power supply and schematic shown in figs. electronic filtering. An on-board regulator is also incor- 
10 and 11, respectively, was built from off-the-shelf porated in the transceiver (fig. 12). 
Radio Shack components. The output of transformer 
T I  is bridge rectified, filtered, and regulated by pass 

construction 

transistor 01. Adjustable regulator U1 drives the base The boards for this project were laid out in modular 
of Q1 to set output voltage and to provide additional strips to facilitate modification during the design pro- 
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LI 38 ,urn. No 28 on rm.2 3 rm Ihk 
~2 20 turns NO 28 on 750 1 tap *I 18 AVO10 OUTPUT 
r l  No l a  . 3 on FT374J 
r2 I0 7 MIL, I0  mm LF mn.lom*r 
U I  U3 LMI4960 
"2 MCI3lOP 

BFO I N P U T  >+ 
Er-1 v.b.s 01 u p ~ 1 t . n ~ .  lndk.l.d, d . r W  an In mhm 

*Rd. ,"Fh 0th." .n m prc01.t ,.,. ,PF& ...I. I."... In I" ohm. 
t -  1C.w I d - t O m m  

T O  TX MIXER 

- < + l e v  

--I* l o t  r -  

FROM F L  I  

< ALC/AQC CONTROL L INE  

< +R 

-0 - -  

V F O  I N P U T  

C - I N l T A L L  O N  F O I L  
S I D E  O F  BOAR0 

4NTENNA 

-- 

fig. 13. Receiver module. 

- 
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MUTE LlNE 
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fig. 14. AudiolAGC module. 

Bonom view shows BFO, driver, and low-pass fiker modules. 
Voltage regulator is mounted on the side of the case. A 4PDT 
relay for T-R switching simplifies circuit design and reduces 
receiver power consumption. 

cess. To make the job of interstage wiring easier, the 
exciter and receiver strips were later joined together.' 

20 November 1985 

Figures 13 (receiver module), 14 (audio1AGC mod- 
ule), 15 (exciter module), 16 (driverlbandpass filter), 
17 (MRF-138 final amplifier module), 18 (low-pass filter 
board), 19 (VFO module), and fig. 20 (BFO module) 
show the printed circuit board patterns and compo- 
nent layouts. 

Board assembly is routine, but a few specific points 
deserve mention. The boards were designed around 
miniature parts. Substituting 112-watt resistors, high- 
voltage capacitors, and other large components can 
quickly result in overcrowding. Since the parts den- 
sity is quite high, double-checking parts placement 
against the schematic or a layout is also 
recommended. 

Use care when winding toroidal transformers and 
chokes. Most FT (ferrite) cores have rough edges that 
can easily abrade the insulation from enamel covered 

'A complete kit containing all parts, etched pre-drilled circuit boards, 
punched. painted enclosure, and assembb manual is available from Radiokit, 
Box 411, Greenville. NH 03048 
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@ K.V.G. 

I 9 MHz CRYSTAL FILTERS 
Ap II Ban& 

MODEL ~IPO, W I ~ I ~  P o i n  mo 
XF.9A 
XF.98 
XF-98-91 
XF.9B.02 
XF.9B.10 
XF.9C 
XF-9D 
XF-QF 

SSB 
SSB 
LSB 
USB 
SSB 
AM 
AM 
FM 
CW 
CW 
CW 

IF noise 

2 4  kHz 
2.4 kHz 
2.4 kHz 
2 4  kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 

12.0 kHz 
500 HZ 
500 Hz 
2 M  Hz 

15 kHz 

I 10.7 MHz CRYSTAL FILTERS 
NBFM 12 kHz 
NBFM 15 kHz 
WBFM 30 kHz 
WBFM 36 kHz 

PtxlDala 40 kHz 

I Expon lnqulries Invited Sh~wlng $3 75 

MICROWAVE MODULES VHF & UHF EOUlPMENTS 
Use your exlstlng HF or 2M r~gon01herVHF0r UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $249 95 
I296 MHz GaAsFET MMk1296-144G 149 95 
432435 MMc432-2WS) 74.95 
43SATV MMc43PCh x 89.95 
220 MHz MMc22028 74.95 
144 MHz MMc144.28 59 95 
Opltons. Low NF (2.0dB max.. 1.25dB max.), other bands d IF'S available 

LINEAR TRANSVERTERS 
1296 MHz 1 8 W OUIPU~. 2M I" MM11296-144.G 5298.95 
432435 10 Woutpul. 10M In MM1432-281s) 269.95 
144 MHz 10WOUlPUl. 10M In MM1144-28 179 95 
Other bands d IFsavallable. 

LINEAR POWER AMPLIFIERS 
12% MHz 20 W oulpul UP1298.20L 439 95 
4321435 100 W oulpul MML432.100 369 95 

50 W oulpul MML432-50 1W95 
30 W output MML432-30LS 209 95 

I44 MHz 200 W output MML144-ZCC-S 374 95 
100 W wlpu l  MML144.100-LS 239 95 
50 W oulpul MMLIM-MS 149 95 
30 W outpul MMLl4630-LS 109 95 

All models IncludeVOX TIR swltchina. 

Shlpplng: FOB Cancord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS 
28 Elemenl 701MBM78 12 dBd - $39 95 
48 Elemenl 70lMBM48 15 7 dBd -Ed& 5995 
88 Elemenl 701MBM88 18.5 dad 8995 

144.148 MHzJ.SLOTS 
10 + lo Twtsl lOXY12M 11 3 dBd 69 95 

UHF LOOP YAWS 
12M.13M MHz29loops 1296.LY M d B i  $49.95 
16M.17MMHz29loops 1691.LY 20dB1 59.95 
Order Loop-Yagl connector extra Type N514.95, SMA15.95 

I Semi U (2 slam9 !or hl! o%Ia!b ol wr VHF & UHF 17 equfpmnl and KVG crystal producl requirements - 
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fig. 16. Drivertbandpass filter. 

wire. Prepare all FT cores in advance by smoothing 
the corners and applying two coats of clear nail polish 
("T cores are usually epoxy coated and require no 
preparation). Since most toroid devices have delicate 
leads that are easily broken, they should be mounted 
last and glued securely to  the board with AmbroidTM 
cement. t 

tT2, a 10.7 MHz 10 m m  green-core transformer, is available f rom Morning 

Distribuling Co.. P.O. Box 717, Hialeah, Florida 33011. 



The transceiver can be packaged to suit the builder. The larger 
cabinet shown here provides more panel space and room for 
a larger speaker. 

RF INPUT > 

Esnpl ,I lndD.1.4 &lm.l 
V.IY.. 01 umr l l .nn  an In mlom 
I m d .  ("Fk o1b.n .n In plcobr 
-8s (OF* nsi,t.nc.s an  ln ohm* 
h - 1.m M - 7.m.m 

Because the VFO circuit is vulnerable to thermal and 
mechanical instability, its construction requires special 
attention. These hints should be followed to insure sat- 
isfactory performance: 

- .  7 .,..- ,n~-.mm nscr 7-= 

- -<+LIV 

Use NPO capacitors in the tank circuit wherever 
possible - the thermal characteristics of silver mica 
capacitors are often unpredictable. 

To immobilize VFO inductor windings, dip or paint 
the coil in clear nail polish and sandwich it to the board 
between fiber washers with a non-inductive screw. 

To insure smooth tuning, the main VFO variable 
should be a ball-bearing design with either a built-in 
or external reduction drive. 

The calibration trimmer should be a miniature air- 
variable (ceramic trimmers drift). 

When installing the VFO module, make all leads 
connecting external VFO components as short and 
rigid as possible. 

To avoid thermal instability, locate the VFO away 
from heat-generating stages such as the PA and the 
voltage regulator. 

au7Fur >mb - 
7%'. - -- 

w--- ,--.- 

RFC V lumt Wo. 24 On m J - W I  
T I  14 Iwns No. 24 BW1I.r Iro F l J 0 4 1  

fig. 17. MRF-138 final amplifier. ' 

November 1985 23 





I fig. 20. BFO module. 

A 
BFO 
OUT 

easier to handle than RG-174 miniature coax. Mount- 
ing boards on 114-inch standoffs also contributes to 
a neat layout, since this provides space for interstage 
wiring to pass underneath. Once the modules are 
mounted and interstage wiring is completed, testing 
and alignment can begin. Power distribution and T-R 
switching should be thoroughly checked first, since 
an error here could damage components. 

alignment 
Fixed capacitor values in the VFO tank may require 

some substitution to  establish the desired operating 
range (5000 kHz to 5200 kHz for 4000 to 3&00 kHz oper- 
ation). Once this range is established, a tuning dial can 
be calibrated. A frequency counter facilitates the cali- 
bration process. Once the VFO dial is calibrated, re- 
ceiver alignment can proceed. Use fig. 21 to locate 
the calibration and alignment controls. 

Connect the receive and transmit mixers to the VFO, 
and adjust RVFo for 100 mV RMS output. 

Connect the product detector and balanced modu- 
lator to the BFO, and adjust CBFo for an operating fre- 
quency of 9001.5 kHz. Adjust RBFo for an output of 
100 mV RMS. 

Set the receiver AGC threshold by adjusting RTsH 
for 5 volts as measured at TP1. Zero the S-meter via 

RZRO. 
Set the receiver gain fully clockwise for maximum 

gain and adjust IF transformer T2 for a peak in back- 
ground noise. 

Connect a %-ohm antenna and tune the VFO to  
3900 kHz. Peak bandpass filter trimmers C1 and C2 
for maximum sensitivity. 

The receiver should now be fully functional. Check 
AGC action by tuning in an extremely strong SSB sig- 
nal. If the audio cracks and distorts at full gain, the 
AGC is under-controlling IF stage U2. Increase AGC 
gain via RAGC to eliminate this condition. If the audio 
"pumps" on voice peaks or motorboats with no signal, 
the opposite conditions exist and AGC gain should be 
decreased. Meter sensitivity control RSEN should be 
adjusted so that extremely strong signals register in 
the upper 10 percent of the scale. 

To prepare for transmitter alignment, disconnect the 
28-volt supply line from the final amplifier board. Ter- 
minate the output of the driver with a 47-ohm resistor 
and connect a scope across the termination. 
Microphone gain RMlc should be set fully off, and pre- 
driver gain RoRV set to the middle of its range (maxi- 
mum gain). Tune the VFO to 3900 kHz. 

Key the transmitter and activate the carrier insert 
switch. Adjust IF transformer T2 and bandpass filter 
trimmers C3 and C4 for maximum output. 

Key the transmitter and adjust REAL for minimum 
carrier output. A receiver tuned to the output fre- 
quency may provide a better null indication. 

Connect a W - o h m  dynamic microphone and ad- 
vance RMtc to 75 percent. Speak into the microphone 
and watch the scope for signs of instability ("grass" 
or parasitic oscillations on the waveform). The pattern 
may show flat-topping on voice peaks, since the ALC 
is not yet functional. 

If instability or parasitics are observed, find their 
source before going on. Check the RF amplifiers in 
isolation, and check IF amplifier U2 (reducing the value 
of the 10-kilohm resistor across the primary of T1 
should tame unstable operation in U21. If operation 
is normal through the driver stage, alignment can 
continue. 

Connect the 28-volt supply line to the final amplifier 
board through an ammeter. Short the amplifier's in- 
put terminal to ground. Key the transmitter, and ad- 
just Rsrr for an idling current of 250 mA. Note that 
this adjustment is sensitive to  changes in supply 
voltage. If the power supply voltage is changed signifi- 
cantly at a later date, the bias should be re-set. 

Remove the driver termination, unshort the input 
to  the PA, and hook up the driver. Connect a 50-ohm 
dummy load to  the output of the transceiver. Place 
a single turn pick-up loop through balun T5, and con- 
nect it to  the scope. The driver low-pass filter and 
bandpass responses are shown in figs. 224  B. 
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fig. 22A. Driver low-pass filter response. fig. 228. Driver bandpass filter response. 

Key the transmitter and speak loudly into the 
microphone, adjusting RALc for maximum transmitter 
output. The scope pattern should show flat-topping 
on voice peaks. If saturation does not occur, increase 
microphone gain until it does. If the final cannot be 
saturated, system gain is low and a problem exists 
(check the AGC threshold voltage at TP1 first; if set 
above 5 volts, transmitter gain is reduced). 

To set ALC level, close-talk the microphone and ad- 
just R A ~ c  to the point where flat-topping just disap- 
pears. The ALC meter should deflect past mid-scale 
on voice peaks and a power meter should indicate an 
average output of 10-15 watts. 

This completes transceiver alignment. 

performance 
The transceiver was tested to see if performance 

approximated industry standards and met FCC regula- 
tions for spectral purity. Receiver noise floor was 
measured at - 120 dBm. Selectivity reflected the 
published specifications of filter FL1. AGC held a 60 
dB change in signal strength to a 3 dB change in audio 
output. AGC attack was a bit slow, resulting in some 
audible "cracking" on extremely strong signals. This 
condition is not uncommon in simple audio-derived 
systems. Overall receiver audio quality was judged ex- 
cellent when compared against a popular imported 
multi-band transceiver. Tests for receiver intermodula- 
tion distortion were not conducted. 

At 30 watts PEP output, transmitter IMD was meas- 
ured at -30 dB. Second and third harmonics were 
-47 dB and -55 dB, respectively. Saturation oc- 
curred at 35 watts PEP. Transmit audio reports were 
generally excellent, but microphone selection was an 
important factor. Low-Z broadcast dynamics produced 
the best overall quality, but an inexpensive mobile 
microphone provided a bit more "punch" under diffi- 
cult band conditions. The MRF-138 final amplifier sur- 
vived open and shorted port conditions without 
damage, indicating acceptable immunity to high SWR. 

operation 
The transceiver's small size makes it a natural for 

traveling, or for use as a second station at home. Mine 
resides in a corner of the family room on a small writing 
desk, close to the wood stove, kitchen, and other 
comforts of home. On-air performance has been very 
gratifying. Using an inverted-\/ antenna at 50 feet, I 
have worked all U.S. call areas, operated contests, 
controlled nets, and elbowed my way through even- 
ing QRM with excellent regularity. In evaluating the 
transceiver's effectiveness, it is important to remember 
that dropping transmitter output from 100 watts to 30 
watts reduces the received signal less than 1 S-unit. 
Under most band conditions, this is not significant. 

conclusion 
My goal was to design and build a simple mono- 

band SSB transceiver that would be compact, easy 
to replicate, and powerful enough to provide reliable 
communication on 75 meters. Off-the-shelf compon- 
ents and contemporary design techniques were em- 
ployed wherever possible to make the job easier. The 
transceiver described in this article is my third, and 
carries with it the experience of the first two. With 
minor modifications, the design should be transferable 
to other bands. I hope this article will encourage others 
to take the plunge and build - there's no magic in- 
volved, and the enjoyment that comes from operating 
a homebrew rig is fantastic. 
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PACKET RADIO.. . 
. . . THE FASTEST GROWING PART OF 

AMATEUR RADIO TODAY 
is already providing high speed, error free, communications on many 
amateur bands for qso's, data transmission, emergency traffic, dx'ing, 
traffic nets, mailboxes, endless experimentation, and soon ... 

i -a??-r 'w i I- 

satellite operation. 

networks continue to grow, as does the number 
of hams who enjoy this new and exciting.mode. 
The increasingly popular PACKETERM IPT is 
contributing to phenomenal growth in amateur 
packet radio by providing a full function packet 
terminal in a compact, portable unit ... 

ALL YOU NEED FOR PACKET OPERATION 

IS A PACKETERM IPT AND YOUR RIG ! 
Designed for true portability, the IPT is equally at home in your ham shack or 
(with i t s  optional carrying case) treking in the country for battery powered 
hilltopping! 
A single cable connects to your transceiver .... thats all there is to it! 
Use it with your base station, mobile, or with your HTon that hilltop!!! 
FEATURES: * * 9 inch portable terminal and full f inction tnc combined 

66 commands available - the most widely used, field proven 

programming. 

* Built-in LSI modem ; 300 or 1200 baud, 200 or 1 kHz audio shift 

stores setup parameters with power off - uses lithium battery 

custom "beacon" text -- your call, qth, etc. in permanent memory 

* 74 key, full travel keyboard wi th 14 function keys for commands, 

ca lls, etc. 

+printer port - RS232Cserial 

* * optional printer, carrying case, and dcadaptor (13.8 VDC) 

Wacketem PRICES: IPT COMPLETE 9995 
Box 835, Amherst, NH 03031 

(603)-673-6630 

PRINTER 8349 

DC ADAPTOR 51 25 

TNC (BOARD ONLY) $275 
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high stability local oscillators 
for microwave receivers 
and other applications 

Phase-locked approach 
offers greater stability 

This article describes a reliable phase-locked loop 
originally designed for the first conversion of a radio 
astronomy microwave receiver' applicable for general 
microwave receiver use and to other HF, VHF, and 
UHF phase-locked applications as well2 Its design 
evolved from one of my earlier efforts incorporated in 
a fully synthesized, general coverage HF transceiver 
as shown in fig. 1. 

Local oscillators used for conventional microwave 
(TVRO) such receivers are usually open loop and are 
installed outdoors as part of the first converter, known 
as the "head end" and located at the feed point of 
a parabolic dish antenna. They normally exhibit gross 
frequency instability (typically + 1.5 MHz) due to their 
free running characteristics, which are affected by am- 
bient temperature changes as well. 

The two types of open-loop local oscillators most 
commonly used for this application are the free run- 
ning tuned cavity and the crystal controlled multiplier 
type. This article deals with the second approach, 
which allows an already-clean multiplier chain to lock 
on a much more stable reference frequency strategi- 
cally located away from the elements. Consequently, 
the unit can be used under varying temperature condi- 
tions and will follow a remote reference source kept 
indoors for good stability. 

The synthesizer uses a simple version of a type-one 
crystal-controlled phase-locked-loop operating at 88 
MHz.3 Its output is divided by a fixed modulus divider 

I involving emitter-coupled-logic (ECL) and transistor- ' transistor-logic (TTL) circuits. The division number N 
is fixed at 88 and followed by an exclusive OR digital 

I phase detector that closes the loop through a simple 

1 low-pass filter as shown in fig. 2. 
In order to obtain the desired microwave frequency, 

, the output of the oscillator running at exactly 88 MHz 
is used to drive a times-12 multiplier such as described 
by Paul Shuch, N6TXm4 Other multiplications are possi- 
ble for even higher frequencies. The reference fre- ' 
quency can be supplied to the synthesizer from the 

1 back end of the receiver via fiber optics or coaxial cable 

1 communication links (depending on the distance; digi- 
tal line drivers may be required in the latter). With this 
approach, a remotely located temperature-compen- 
sated crystal oscillator (TCXO) that acts as a time base 
will maintain the short and long term frequency stabil- 
ity of the 88-MHz crystal oscillator through the phase- 
locked technique. The stability of the multiplier chain 
in the microwave receiver will thereby also be favorably 
affected. High initial stability and spectral purity would 
be required to compensate for the magnifying effect 
of the multiplier. My circuit used a 4-MHz TCXO man- 
ufactured by McCoy Electronics for the reference oscil- 
lator. This part guarantees + 5 x lo- '  ( f 0.5 PPM or 
1 2  Hz at 4 MHz) Hertz per year.2 This represents an 

1 ultimate stability for the remotely located L-band local 
oscillator of f 6 Hertz, respectively. 

The circuit design of the synthesizer is simple (al- l though making one work is another story) as shown 
in fig. 3. A highly stable 88-MHz (0.001 percent) fifth 

1 Overtone crystal was chosen to guarantee initial start- 
up almost on frequency before locking occurs. It is 

By Cornell Drentea, WB3JZ0, 7140 Colorado 
Avenue North, Brooklyn Park, Minnesota 55429 

November 1985 29 



P R E - D R I V E R  

A HP 
- - - - - - - - - - - - - - - - - - 

1 
DRIVER I 

AMP I 2N3866  P N 3 8 6 6  
I 

AUTOMATIC-LP 

BANKS ( 2 1 - 3 6 8  

Z r M R F 4 5 4  1 CLASS A 
CLASS A81 L -------------------- 2 1 

.I 1 2 MHz 

I - 3dB  
I 

- 3 d B  C P 6 5 0  

I 
I 

I HP 
I 

I F I L T E R  
- I 

T I 9 PSCP - I  
I 

I 
I 
I 

PL-AMP 

- 

Z n M R F 4 2 1  

CLASS A B l  
AUTOMATIC - BP 

HALF OCTAVE BANKS 121 
FLPBI .2  FILTER 

$ ~ 3 . 2  MHz  

f, - 4 . 5  MHz 

f c s 6 . 5 M H z  

f c = B . 5 M H z  

$ = 1 2 . 5 M H z  

1, - 7 6 . 5  MHz  

1, - 2 4 . 5 M H z  

f, - 3 0 . 5 M H z  

TGC 

SENSORY 

ELECTRONICS 

. 



- 

November 1986 31 

e 

U  4 U a 
' 2  

L W 

U s 
U W  3 

4 

2 . 
- 

S 

> 

I 

0" 2 
q 5 

.- 
F 
w 

- 5 
r 
N 
I 
I 
8 
-a 

- 

I 
I 

- - - - - - 

I C 

m 
N 

5 
5  :: 

0 T 
Z 

- - - - - - - - - - - - --I r 3 -  
I 

5 

- 
gP 
0) 

'5 
Y 

u 
3 

f : 

L 
a + 
$ : 
x s 
a v )  

rv) 0 I $ 
$ 2 5  
W ' J Q  

2 2 :  

2 2  
a ?  r 3  

4 S C  
U  0 

2 :  

I" 

I 
I 
I 
I 
I 
I 
I 
I 

2 ' -  I 
I 
I 
I 
I 
I 

.- w 

e 
e 
Y 

LL 
I 

. 

. 
I 

3 r 

I a i a 2 

I 

b .. 
+ ," 
s 1 

- 

D 
u 
a 
0 
0 - 
LL 

I I 

7 %  
I "; 
I 

- - 
a 

I r 
m 

I c 
I 

.- 
m 

I 

I 
I 

u z .- 
8 
S 

I I I 
I * ( 8  

I 
0. 

I 
I I X - I I 

\ 
I I I 

L I I 
I I 

I I 

a 

8 

4 :  

2 k 
s 3 

v) 

a l. 

2 ; :  0 U P  * 
25: 

I 
I I 

V) .- 
i 
C 
u w 
0 
5 

Iu 
0 

a  4 

q LC 

C 

> 
0) 

* f 

I I 

8 0 Z ! - 0 

1 

0 5 - 
4 e 
3 .! : E 
7 a 
$ Q 

2 5 
a L 

U 

t * 
2 5 

0 
4 

4 W 

2 
$ a  5 ? 
L = 

- - 
= 
, - , 

Z 
P 

I : . I 1 

I I 
L--- - -- --J  

a  

: s f  a L + : a ;  
3 0 0  

4 

Z 

I b I + T 
U ). 

4 LL 2 
5 .! 
u 
a = g g 
.I- 

4 I I 
c, a - !  I I * 2 % .  = - 
2:2 

- X - o  I 
1 :  

W t I 1 : 

5 +  r. x ; 
L U V) W  - 
$ 2 0 

w 

a  

2~ 
2 :  
L C *  

0 = 
5 2 

. a -  
2 

0 - C a  

* - 

6 2  e 0 



used in a series resonant Colpitts oscillator with one 
side of the crystal grounded. I selected the Colpitts 
design because of its well known circuit stability and 
predi~tability.~ The output of the oscillator is then 
amplified and converted to the ECL level required by 
the 95H90 divide-by-1 1 d e v i ~ e . ~ , ~  

An ECL-to-TTL level shifter circuit follows the 95H90 
and additional division is obtained with three divide- 
by-2 sections of 74LS74 devices. 

The divided-down 1-MHz input to the phase com- 
parator 74L86 (slow L logic was chosen here to keep 
the output as quiet as possible) is compared against 
a true 1-MHz reference available from the back end. 
The exclusive OR phase detector was chosen as a per- 
fect application for this type of phase-locked-loop 
because the crystal controlled Colpitts oscillator is 
guaranteed to start almost on frequency and within 
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'Among many ECL dividers, the 95H90 or its equivalent, the Plessey S P W  
can be programmed to be divide-by-10 or 11, or both in high resolution dual 
modulus phase-locked-loops.' 

L - - - - - - - 1 
I 

the capture range of this particular type of phase 
detector which is only 2r.2,3,7 Other important criteria 
for choosing this type of phase detector were the 50 
percent duty cycle of the signals present at its inputs 
and the high reference frequency (1 MHz), all design 
requirements for successfully using an exclusive OR 
gate as a phase detector.' 

When the loop is locked, the output of the phase 
detector is a 50 percent duty cycle square wave at 
twice the reference frequency; in this case it is 2 MHz 
as shown in fig. 4. This output is averaged by the sim- 
ple RC low-pass filter with a corner frequency (w,) of 
about 16 Hz and is finally presented to the Amperex 
varactor diode BB-109, which acts as a variable capac- 
itor steering the crystal oscillator in lock. Under locked 
conditions, the averaged DC output of the phase de- 
tector equals half of the TTL supply voltage, or about 
3 E volts DC. When this occurs, the divided 1-MHz 

~al  present at one of the phase detector inputs lags 
reference 1-MHz signal present at the other input 
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fig. 2. Block diagram of the phase-locked-loop as used in a stable microwave local oscillator located at the low noise block 
converter (LNB) outdoors. The 1 MHz reference frequency is derived from an indoor TCXO. 
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fig. 3. Circuit diagram of the phase-locked-loop. A fifth overtone series-tuned Colpitts oscillator was chosen for stability. 
The design results in simple and effective exclusive OR phase detectors and low-pass filter. The relatively high 1 MHz 
reference allows for clean and stable LOs (see text). 
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fig. 4. (A) Locked condition. (81 Out-of-lock conditions for a synthesizer using the exclusive OR phase detector. The out- 
put of the low-pass filter is a 2.5 volts DC signal (see text). 
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fig. 5. (A)  The synthesizer circuit was frozen to -78 degrees F with 
cooling spray. (B)  After calibration the phaselocked-loop remained 
locked over the entire temperature range. The divided 1 MHz square 
wave shown at the top follows the reference frequency at the bottom 
by -90 degrees. which represents a 0-degree phase error (see text). 

inject a 2.5 VDC level at the 10 kilohm resistor (which 
is part of the low-pass filter. The best way to do this 
is to use a couple of batteries in series through a 10- 
kilohm linear potentiometer voltage divider to insure 
a pure DC voltage. With the circuit board heated to 80- 
degrees F (a 100-watt lamp on top of the circuit will 
do well), adjust L1 and L2 for resonance at the fifth 
overtone of the crystal as measured on a frequency 
counter. Observe the position of the cores. Cool the 
circuit to -78 degrees F with a dry cooling spray. Ad- 
just L1 and L2 again for resonance. (The circuit should 
still work at this temperature; according to calcula- 
tions, the transistor junctions will reach only about 
-40 degrees F.) To accomplish this, selected parts 
have been used in the prototype. Again, observe the 
new position of the cores. 

fig. 6. Spectrum analyzer tests performance of the 
phase-locked-loop. 

by approximately 90 degrees (delay is introduced by 
the additional circuitry) which corresponds to a zero 
phase error.3 The secret of the entire circuit is L1 and 
L2, which are calculated to resonate the Colpitts oscil- 
lator on the fifth overtone of the crystal. Additional 
"tweaking" may be required to bring the circuit into 
resonance due to local stray elements. High Q alumi- 
num cores were used in my prototype for best results. 

adjustments 
With the loop line disconnected at A (see fig. 31, 

Wait until the circuit returns to room temperature 
and readjust L1 and L2 midway between the two posi- 
tions. Remove the 2.5 VDC voltage from the low-pass 
filter and reconnect the loop back at A. 

The circuit should now lock every time power is 
turned on and lock should be maintained over the en- 
tire temperature range. This can be verified through 
repeating the above procedures with the loop closed. 

Figures 5A and B show the "brassboard" of the 
synthesizer and how phase locking was maintained 
under freezing conditions. For convenience a lock 
indicator was incorporated in the design as shown in 
fig. 3. 

An out-of-lock condition would be indicated by the 
blinking LED, should recalibration become necessary. 

November 1986 35 



New rigs and old favorites, plus the best essential accessories for the amateur. 
A : ' l  I ANNIIN Sl 
HOUSTON TX 77004-3913 
CALL FOR ORDERS 
1-713-520-7300 OR 
1-713-520-0550 
ALL ITEMS ARE GUARANTEED OR SALES 
PRICE REFUNDED 

EQUIPMENT 
Kenwond Call for prlces on all Kenwood 
New Kantron~cs UTU-XT 319 00 
Yaesu 2700 RH 529 00 
lcom 10735 149 00 
Four lot price IC-735 2800 00 
Kenwood TS940S contesters del~ght Call 
Ten-Tec 2510 Satellite 489 00 
lcom R7000 25-2000 MHz Call 
Alpha (ETO) Llsl - 15% 
lcom 271A 27A Call 
lcom IC3200 489 95 

SERVICES 
Al~gnment, any late model rig . 50 00 
Flat fee Coll~ns rebu~ld . . . . . . . . . . . . . . . . .  Call 

ACCESSORIES 
Hell HC3lHC4lHC5. . . . . . . . . . . . . . . . .  Stock 
Hell BMlO Boom M~ke headset.. . 5 3  95 
He11 HCS Conlrol Boxllnterface . . 89 95 

. . . . . . . . . . . . . . . . . .  CES 510 Smarl Patch 349 00 
FLUKE 77 auto-ranglng dig~tal 
mult~meter . . . . . . . . . . . . . . . . . . . .  1 15 00 
Shure 444D MIC . . . . . . . . . . . . . . . . . . .  54 95 
B~rd 43 Wattmeter .. . . Call 
B~rd Elements. Hi59 00: A-El48 00. 
Spec~al . . . . . . . . . . . . . . . . . . . . . . . .  In SIock 
Ameco Pre-Amps . . . .  1 0 %  Off 
Da~wa CN620B. 20-200.2000W . 109 95 
Coll~ns 500Hz F~lter. F455J05, new . . .  95.00 
Sanyo AA N~cads, tabs.. . . . . . . . . . . . . . . . .  2.50 
2. 4, 5. 6. 8 p ~ n  mlc plugs . . . . . . . . . . . . . . .  4 00 
Fox Tang - 10% 
Tenna Hltch 
By D C Sales, F~ts Class 1.2 H~tches. Adapls 
exlstlng h~tch on your caritruck to any HF 
antenna 318 x 24 thread No holes, complete 
unit 29 95 
Da~wa CN630 140-450 20/200 watt 129 00 

KEYS 
Bencher & V~broplex. . .  Less 10% 
V~broplex Carrylnq Case . $20 00 wlkey . - 

purchase 
MFJ Super Keyboard #496 

TUBES ---. 

GE614fiB 11 95 
E~mac 3 5002 109 95 
GF Industr~al Tubes Call .- - ~ -  

GE 12BY7A.. . . . . . . . . . . . . . . . . . . .  6 00 
. . . . . . . . . . . . . . . . . . . . . . . .  GE WS6C 11 95 

Coll~ns & Drake Replacement Tubes Stock 

BOOKS 
Iiayden Compuler Programs tor Amateur 
Rad~o 16 95 
We also stock SAMS TAB ARRL RSGB 
Rad~o Pubs & Ameco books Call 

CALRAD 65-287 SWR Relat~ve Power 
Meter 32 95 
3 150Mhz KWt  

- - - - - - - 

PACKET?PICKITI 
AEA PK64 199 00 
AEA PK80 Soon 

kANTFIONtL5 I'?,KLI I 1 l 1 4  110 t',! O l  N Ma!(- 
CP100 vs CPt Vk~rth the dlflerence? 82 97 N Fernale Bulkhead 
Yeslll Call 
ICOM 271A Great Packet Rad~o Call 

ANTENNAS 

AHX 213 L2'1 2N( V 5 ISOPOLt 11 95 
A4 289 95 
402CD 279 95 
New Cushcraft LAC-3 L~ghtlng Arrestor 7 95 
215WB New 15EL 2MBeam 79 95 
AOP 1 Complete Oscar Antenna 149 95 
Butternut HFGV 80-10 Vert~cal 125 00 
HF2V 80 & 40 Vrvtlcal 125 00 
Butlerfly Antenna 169 95 
HF4B, prevlous HF3B 169 95 
Hustler G7-144 11995 
Barker & W~ll~amson All Band 
D~poles Less 10% 
Ham4 Rotator T2X CD45-2 Call 
KLM HF World Class Serles 
Antennas Call Don 
Cushcrafts 40-2cd hotlest sell~ng 40 meler 
beam road band easy assembly 279 95 

OTHER ANTENNAS 
Larsen Kulduck 1700 
Valor 75 10M cornplete mob11 antenna 
AB-5 79 95 
Avant1 ASP151 3G thru glass 2M 33 00 
Anteco 2M. 518. Mag Mount Comp 25 00 
Stoner (McKay-Dymek) DAlOOD Recelvlng 
Antenna 190 00 
Ph~lly Stran Call 

SURPLUS 
2 5A 1000PIV e 

Epoxy d~ode 29C Each or 19 001100 
1 95 

95 
4 Inch ferrlte rod 1 95 
Sanyo AAA N~cad wltabs 2 50-each 
Close out on rlgs and accessories 7 All the 
lime Call 
Close out Curt~s Memory M480 $50 00-each 
24Pln IC Sockets 25 
365pF Iwo gang cap 1 95 

BELDEN 
9'313 low loss sol~d center fo~libra~d 
shleld 45Clft 
8214 RG8Foam 43c11t 
8237 RG8 4OCllt 
8267 RG213 52CIlt 
8000 14Ga strarded copper ant wlre 13Cfft 
8448 8 conductor rotor cable 31Q,It 
9405 Heavy duty 2-16 Ga 6-18 Ga 52c'ft 
9258 RGBx 19CJfi 
8403 MIC Cable 3 condctr & sh~eld 80c/ft 
100 Feet 8214 w ends ~nstalled 45 00 
8fi69 7 1 6  t~nned copper bra~d 1 10111 
lnlernat~onal Wlre RG214 non-m~l 
good cable 70lft 

AMPHENOL 
831 SP PL259 S~lverplate 1 25 
UG176 redl~cer RG8X 30 
831J Double Fernale UHF 2 00 

New 82 202 1006 N Male fils 9913 5 00 

ROHN 
114 E H S Guy cable Rohn US 
1000 I t  250 00 
3116 E H S cable 210 00 
114'Guy Cable 6100#7 x 7 strand 
lmport 1541f1 
3116" Guy Cable 3700#7 x 7 strand 
1mpor1 12Clft 
318 x 6 E&J Turnbuckle 7 95 
3116 W~re Rope Cllps 40 
114' wlre cl~ps 50 
Porcela~n 500D Guy Insulator (3116) 1 69 
Porcela~n 502 Guy Insulators (1 4) 2 99 

USED EQUIPMENT 
All equlpment used clean w~th 90 day war- 
ranty and 30 day lr~al SIX months full trade 
agalnst new equlpment Sales puce refunded 
11 not sat~sf~ed 

POLICIES 
M~nlmum order $10 00 Mastercharge VISA 
or C 0 D All prlces FOB Houston except as 
noled Prlces sublecl to change w~thout 
nol~ce Items sublect to prlor sale Call any- 
llme to check the status ol your order Texas 
res~dents add sales tax D ats all lolks 

SPECIAL TELEPHONE OFFER 
Call our numbers and when you place your 
order we II deduct a dollar off 11 And don t be 
shy Ask tough quest~ons Our guys are more 
than order takers - they know the rad~os and 
the equlpment 

DON'S CORNER 
Those devoted Yaesu fans out there - the 
FTlOlE certa~nly had a lot of supporters - 
should be pleased lo know that Yaesu IS lust 
about to come roarlng back Into the market- 
place Thls means new products stronger 
advertlslng and maybe-lust maybe-a prlce 
promollon or two Yaesu started to get serlous 
about computer control of rlgs wlth thew ultra- 
boxes - - so you 
m~ght expect to see somc rnore trlcks w~th 
computer control Now-when w~ll these guys 
get wlse enough to have the code wrltten for 
the b ~ g  4 mach~nes In amateur rad~o- Rad~o 
Shack Commodore Apple and IBM Contact 
Madlson for the latest In Yaesu all Ihe tlme 
Another Idea - how about a dual banded 
hand-held Two meters and 430 for openers 
Certa~nly the technology IS ava~lable and 
the market IS ready First one lo market wlth 
th~s product w~ll move a lot of rad~os 
73&Good DX 
DON 
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fig. 7. (A)  Block diagram of an elegant 9 MHz BFO as used in a fully synthesized HF transceiver. The signal is derived 
from a dual 90 MHz phase-locked-loop similar to the one presented here (see text). 
(81 Signal processing for the 9 MHz BFO. The 90 MHz derived signal is conditioned before it  is applied to the active mixer 
product-detector/modulator. 
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NEW 70 CM ATV TRANSCEIVER 
ALL YOU NEED IN  ONE BOX 

." -- -."' 1- !z:: delivered 

@ {  6 ii< 

FULL COLOR. SOUND, 6 LIVE ACTION just like broadcasl N. Gel on lhls 
exctlfng amateur video mode at our affordable ready to go price. 

WHAT IS REQUIRED FOR A COMPLETE OPERATINO SVSTEM?The TC70-1s 
downconverter outputs lo  any TV on ch 3 for receiving. Connect a good 70 cm 
anlenna and low loss coax. Plug in any composite video source you want to 
transmil: Camera. VCR, computer, elc. Plug In any low Z dynamic mlc or use 
color camera mlc lor Standard 4.5 mu2 TV sound. Connect to 13.8 vdc for 
base, mobile, or ponable. See chapl. 20 1985 ARRL Handbook. That's lt! 

WHAT CAN YOU DO WITH THE TC70.1 ATV TRANCEIVER? Show the shack. 
pro)ecls, computer program listings, home video tapes, repeat Space Shuttle 
audio and video i f  you have a TVRO, repeat SSTV or RTTY. Wealher Radar, do 
p ~ b l x  service events such as parades, maralhons, races. CAP searches and 

-rescues.. .the list goes on. OX depends on antennas and terrain, typ!catly I 
l o  40 mites. We have vldeo Compensated RF linear amps lot 20 ($1 191 or 50 
(11891 watts pep for greater DX. 

FEATURES: Small 7~7~2.5 ' .  Push to Look (PTL) TIR switching. GaAslel 
downconvener tunes whole 420-450 mHz band. Two switch selecled vodeo 8 
audio ~npuls. .  .RCA phone jacks and 10 pin color camera lack. Xmlt vldeo 
monitor output. Over 1 wart pep RF oulpul on one or two (add 1151 selected 
crystal controlled frequencies. 439.25. 434.0, or 428.25 mU2. 

CALL OR WRITE FOR OUR CATALOG for more Info or who is on in your area. We 
stock anlennas, modules, and everything you need on ATV. 

TERMS: Visa. MC, or cash only UPS CODs by phone or mail. Checks must clear 
bank before shipment. Price includes UPS surlace shipping in conl. USA, others 
add 3%. Transmitting equipment sold only to licensed Tech class or hlgher 
amateurs. verifiable in 1985 call book or copy 01 new Ilcense. 

(81 8) 447-4565 m-1 Sam-6prn pst. 

P.C. ELECTRONICS 
s m  

2522 Paxson Lane 
Tom W6ORG Maryann WB6YSS Arcadia CA 91 006 

RADIO RECEIVER 
Chance or Choice 

byhhrlklh 

You owe it to yourself to be informed. This comprehensive new 
book explores the receiver world through real-life tests conducted 
by internationally renowned radio engineer. Rainer Lichte. Read 
scores of no-axe-to-grind reviews about such famous brands as 
Panasonic, Sony, Yaesu. Kenwood, Drake, Eska, Hitachi, Grun- 
dig, Phillips. JVC. Zenith, Dymek. ITT, Bearcat - both old and 
new models, including ICOM R71A. Sony 2010. and Yaesu 8800. 
Explains the mysteries of technical specs, too. A must book. 

If the circuit is to  be used at room temperature, such 
as in an HF or VHFIUHF receiver, no indicator should 
be required. Other status reporting features are possi- 
ble and can be remotely monitored at the back end 
of the microwave receiver. 

This synthesizer represents an effort of several 
weeks of design and "brassboarding." It began with 
the use of a 548124 dual VCXO integrated circuit that 
was intended to work at 85 MHz, but was not success- 
ful for my application because of the crystal frequency 
restrictions and the limited upper frequency range for 
this device. 

The new design will work to  about 140 MHz (1680- 
MHz LO output when used with the N6TX multiplier, 
and beyond with other multipliers). Its limitations are 
the fabrication of crystals at VHF frequencies and the 
rather small size of L1 and L2 at the higher frequencies. 

This design represents a practical approach to clean 
and stable local oscillators. Phase and amplitude noise 
have been measured to  be at least -70 dB/Hz at 
f 100 Hz from the desired carrier (see fig. 6). Discrete 
spurious components were better than - 60 dB, while 
the wide band noise was at least - 70 dB measured 
with a 10-kHz bandwidth. 

These specifications depend on the application of 
sound RF design techniques and may vary according 
to  the circuit components selected. Although a syn- 
thesizer layout is not provided in this article, compart- 
mentalization of modules in a true "synthesizer 
fashion" is highly recommended. 

As suggested at the beginning of this article, other 
than microwave applications of this synthesizer are 
possible. Among them are beat frequency oscillators 
(BFOI and fixed oscillators used in multi-loop fully syn- 
thesized HF and VHFIUHF receivers and transceivers, 
as shown in fig. 1. Figure 7A shows the block dia- 
gram of a 9-MHz BFO application as used in my HF 
transceiver. Figure 7 8  shows the circuit details of the 
digital to  analog portion of the BFO which provides 
the proper injection to an active product detector1 
modulator in my transceiver. Many other applications 
are possible. 
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C a r r i e s  eadly 
as a s u i t c a s e !  GREAT GIFT IDEA! '. / 
Plugs into 115V outkt 

Sorry, we're not permitted to PRINT the famous brand-name. 
BUT, we CAN "tell all" if you call us TOLL FREE: 1-800-328-0609! 
THE COMPUTER THE PRINTER THE SOFTWARE 
Snap-on computer keyboardl64K RAM. 20K ROM. Full- Print melhod: 81-dlrectlonal Impact dot matrix. "Easy Script" One 01 the lnclst powerful word pro- 
sue typewriter keyboard Upper and lower Case Character matrix: 6 x 7 dot matrlx. cessors a! ally pr~ce l  Cut re-typlng. create docu- 
letlers. numerals, symbols. reverse characters. 2 characters: upper lower case letters, numerals menls from standard paragraphs. do personalized 
cursor control keys. 4 function keys. PrOilramm.3- and symbols All PET graphic characters. letters. see and change a document before 11 IS print- 
ble lo 8. Music synthes~zer with 3 independent vertical dots - 480columns, ed. lnstructlon manual has extensive training sec- 

. . .  voices, each with 9oclave range, lnputloulput ports D~~ addressable, t ~ o n  that slmplilles use even for someone who 
accommodate . . .  user. ser~al. ROM cartridge. joy- Eada: CBM code, has never used a computer or word processor beforel 
st~cks, external monltor, phone modem. Print speed: 60 characters per second. "The Manager" A sophisticated database manager 
Bullt.in dirk drival Intelligent high speed unit with ~~~i~~~ calumn8: 80 columns, for bustness or home use. Business uses: accounts 
5'5"floppy disk recorder. 170Kforrnalteddatastor- Characlar characters per inch, payablelreceivable. ~nvenlory. appolntmenls, task 
age.35 tracks. 16K ROM. Uses single sided. single manager. Home uses: mai l~ng lists, home ~nventory. 
den& disk. Ser~a l  tnterface Second ser~al port to Limeeedgpacing:'llnes perlnchincharactermode reclpes. collection organizer. Investment tracking. 
cham second drive or printer. or 8 Ilnes Per Inch selectable. 9 lines Per Inch in checkbook balancing, school uses: research artl- 

graph~cs mode. 
Built-In color monltorl Displays40columnsx25lines leed lines per second in character mode. 

cle ~ndex. gradebook. 

of lext on 5" screen. High resolution. 320 x 2W pix- tines per second in graphics mode, 
els. 16 background. character colors. or iginal  st Rice: '73.98 

Paper feed: Frlction leed. Liquidation Price .............. $24 
Built-in ROM cartridge port1 Insert ROM program car- paper width: 4.5.. to 8.5.. width. Imm H-763.64011.03 Shb. h n d l i ~ :  83.00 
tr~dge. Multitude o l  subjects available In stores Mulllple mpla:Original of two copies. 
across the nation! Oimenslons: 1 3 W  x 8"D x 3'h"H. Ut.: 6'11 Ibs. Power: BUY INDIVIDUAL UNITS OR 

-5.00 IZOV AC. 60 HZ. 
Original Ust Price 

GET THIS ULTRA-FAMOUS ........ 

$388 
original bst price: '200.00 SYSTEM AT ONE LOW 

Liqu idat im PACKAGE PRICE! 
Priced Uqu idaUm 
At Only Priced At . ............. $1 1s TOTAL Personal Computer System ............... 

I1.m H-763-63631-00 Shim handlina: 020.00 ltm H.763-63681.00~hlp. handlong: 67.00 available at FAR BELOW dealer& 
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10 through 80-meter 
homebrew receiver 

Even the beginner 
can build and understand 

these circuits 

I f  you're looking fo r  a ham band receiver that 
combines good performance with simplicity of con- 
struction and low cost, read on - because this arti- 
cle is for you. This receiver covers the 80, 40, 20, 15, 
and 10 meter bands and can easily be modified to in- 
clude the WARC bands or other shortwave segments 
between 3 and 30 MHz. 

This project evolved in response to discussions with 
other hams about the deplorable decrease in the num- 
ber of new Amateurs. Traditionally, a large part of our 
newcomers have come from the ranks of high school 
students; at one time, young people interested in the 
electronics almost inevitably gravitated to  Amateur 
Radio because it was easy to  get into, with little 
technical knowledge and only a small investment re- 
quired. In recent years, the computer hobby with its 
inexpensive, easily accessible hardware - has pro- 
vided similar easy entry. 

Many hams have expressed the opinion that entry- 
level equipment has become too expensive and that 
construction articles now seem to deal with equipment 
that is complex, expensive to  build, and requires a 
great deal of technical sophistication to construct. This 
started me to thinking about what it would take to 
build a receiver for the main ham bands that would 
provide good performance, yet be simple and inexpen- 
sive to  build. 

the VFO is important 
In the 1950's and 60's most receivers used oscillators 

that switched coils for each band. In later years, 
however, multiple conversion schemes used crystal 
oscillators to  establish each band and one non- 
switched oscillator as the variable frequency element 
to  tune within each band. Many receivers now use fre- 
quency synthesized oscillators. These latter two con- 
cepts, while improving stability, unfortunatety increase 
cost and complexity by a substantial amount. 

Recalling more recent commercial rigs, such as the 
Atlas series, that used switched coil oscillators, I 
wondered how difficult it would be to design and con- 
struct a VFO that had acceptable stability for SSB 
reception (see fig. 1). After deciding it was worth a 
try, I chose 9 MHz as the IF because of the wide avail- 
ability of good, inexpensive crystal filters at this fre- 
quency. For maximum utility I wanted coverage of 
both the CW and SSB portions of each band. The 
VFO covers 500 kHz on 80 through 15 meters and over 
1 MHz on 10 meters. As we will see later, these ranges 
can be easily changed to suit the user's preference. 

The choices for the IF and band ranges determine 
the VFO frequencies as follows: 

bend VFO frequency 
meten MHz 

80 12.513.0 
40 16.0-16.5 
20 5.0- 5.5 
15 12.0-12.5 
10 19.0-20.0 

Varactor diode tuning of the VFO was chosen 
because it helps eliminate hard-to-find mechanical 

By Robert Thompson, NIBFV, 4 Owens Brook 
Circle, Simsbury, Connecticut 06070 
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variable capacitors as well as the mechanical linkage 
they require. It also allows size reduction by eliminating 
the bulk of a variable capacitor and allows significant 
reduction in the overall mechanical complexity of the 
VFO unit. One disadvantage of varactors, however, 
is that they require a tuning voltage as close to pure 
DC as possible. I therefore decided to use a 9-volt 
alkaline battery on the prototype. This led to thoughts 
of running an entire receiver on batteries, in the in- 
terest of even greater simplicity. 

Since the VFO frequencies for 80 and 15 meters are 
close, one coil was used for both (see table 1). The 
VFO coils could have been switched electrically with 
diodes, but doing so would have taken about 30 mA 

of additional current from the main battery supply. A 
rotary switch was chosen for current economy. 

board construction 
The VFO, the frequency counter, the BFO, the 

bandpass filter, and the IF unit are all constructed in 
a similar fashion. With the method used here you can 
actually build any unit in the same or less time than 
it takes to design and etch a printed circuit board. (One 
main advantage of etched boards, however, is saving 
time on successive boards - but since I seldom build 
more than one of any particular project, PC boards 
are not time-effective for me.) 

I use epoxy material punched with holes on a 0.1- 
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1 



. 
table 1. VFO coil data. 

coil turns on frequency wire 
number band 114" form* range (MHz) No. 

L1 80 21 12.5-13.0 26 
I2 40 15 16.0-16.5 26 

. u 20 48 5.0- 5.5 32 
L1 15 12.0-12.5 
L4 10 10 19.0-20.0 22 

'Coil foms Milbn 69043 used but any good 114-inch (0.635 cmt ceramic 
form should be suitable. 

inch grid and clad with copper on one side, widely 
available from mail order suppliers.* Insulated circular 
pads for IC pins and other components are cut with 
a pad cutter tool,' either by hand or with the tool in 
a drill. 

For the VFO I disassembled a single-pole, six- 
position rotary switch and mounted a Binch (7.6 cm) 
square piece of the epoxy material between the switch 
wafer itself and the switch index mechanism. Three 
holes were drilled in the material: one for the switch 
shaft and two that coincide with the wafer mounting 
screws on the switch itself. (You may have to  obtain 
mounting screws a little longer than those that come 
with the switch to allow for the 1/16 inch (0.16 cm) 
thickness of the copper clad board.) 

Next cut appropriate pads for the coils and the VFO 
circuitry. Use T-44 push-in pins,* for terminals such 
as transistor connections and all input and output con- 
nections. The four coils are mounted on the front (non 
copper-clad) side of the board by passing their leads 
through and soldering to the pads on the other side 
which directly connect to the switch. The coil bodies 
are then covered with clear Silicone II, an adhesive 
that bonds them firmly to  the board and prevents any 
movement of either the coil bodies or the windings 
on the coils: This is extremely important in that it is 
a significant factor in the frequency stability of the 
VFO. All wiring on the VFO should be direct and rigid, 
especially the jumper on the switch for the 80-meter 
position. Sound VHF wiring practices should be 
followed. 

VFO adjustment 
After wiring is completed, a test jig should be 

assembled as indicated to  determine the values of the 
series voltage-dropping resistors necessary to have the 
tuning control, a 10 turn, 50 kilohm potentiometer, 
cover the desired range of frequencies (see fig. 2). 

VFO adjustment proceeds as follows: 

Connect a frequency counter to the VFO output. 
- - 

'All items marked with an asterisk are manufactured by Vector, Inc. 

Left side view shows bandswitch end ganged VFO switch. 
Vertical board in center is BFO: VFO board end coils ere 
mounted vertically against rear panel. 

P 2 A  

z v 7 i N p u r  Y;(--'~ ?I 
ON VCO B O I I O  

51  ( S P O ~ I  

1 9 v  

fig. 2. Test jig for determining the tuning voltage divider 
series resistors for each bend. 

2 Set the VFO to the 10 meter position. 

Set S1 on the test jig to the HI position (at end of 
potentiometer RA). 

Adjust RA so that the VFO frequency isabout 10 kHz 
above the upper limit wanted - for example, on 80 
meters set RA SO that the VFO output is 13.010 MHz. 

Put S1 in the LO position at the end of RB. 

Adjust RE until the VFO output is about 10 kHz be- 
low the lower limit wanted - for example, on 80 
meters set RE so that the VFO output is 12.49 MHz. 

Put S1 back to the HI position and recheck the fre- 
quency. Since these settings interact it may be neces- 
sary to  repeat the procedure. Measure the values of 
RA and Re and use fixed resistors of those values on 
the bandswitch. 

Repeat this procedure for the remaining band posi- 
tions on the VFO. It may be necessary to  adjust the 
coil slugs to obtain the required range. On 40 meters 
it may be necessary to place an approximately 68 kil- 
ohm resistor in series with the 9-volt source and RA. 

Because it's unlikely that your unit will require the 
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fig. 3. Bandpass filter schematic. 
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same values of series resistors as mine because of dif- 
ferences that will occur in many components, I advise 
going through the procedure. I also recommend using 
alkaline batteries for both 6 and 9-volt supplies. 
Because of other connections to the 9-volt supply, six 
AA cells are used; the &volt supply consists of four 
D cells. 

bandpass filters 
These components are enclosed in a separate unit 

made entirely of copper-clad punched board. The two 
coils for each band are placed next to each other on 
1 /Cinch (0.635 cm) centers. Six volts applied to a 
band terminal forward biases the respective diodes and 
allows signals from the antenna to pass through the 
resonant circuit. The use of diodes, while drawing 
additional current, significantly reduces the mechanical 
problems associated with rotary switches. 

Adjustment proceeds in the following order: 

Connect an antenna to the input and a receiver to 
the output. 

Set the receiver to 80 meters. 

Apply 6 volts DC to the 80-meter terminal. 

Set the receiver frequency 114 of the way up from 
the bottom of the band, at approximately 3.625 MHz. 

Adjust one of the 80-meter bandpass coils for max- 
imum received signal (or noise). 

Move the receiver to a frequency 114 of the way 
down from the top end of the band, at approximately 
3.875 MHz. 

Adjust the other 80-meter bandpass coil for max- 
imum response. 

Repeat as necessary to compensate for interaction. 

Do the same for the remaining four bands. 

These settings will establish filter response across 
the entire bands. If you're primarily interested in either 
SSB or CW, the coils can be peaked accordingly. If 
you don't have a receiver or cannot borrow one, it's 
possible to peak the bandpass filters with the receiver 
itself, once completed. 

BFO 
This unit is constructed on a separate board but 

could be placed on the IF board. Using an available 
crystal filter translated to a USB BFO frequency of 
9.000 MHz and an LSB BFO frequency of 9.0030 MHz 
(see fig. 3). Normal he., non-inverted) sideband in 
this receiver uses the 9.000 MHz BFO crystal, so no 
readout offset is necessary. In the reverse sideband 
position the readout will be off by 3 kHz. The BFO cir- 
cuit uses series resonant crystals. L1 and L2 are 10.7 
MHz IF transformer primary windings (4 pH) with the 

Top view shows bandpass filter (top leftl, IF strip (top center); 
VFO board (bottom left), BFO board (bottom center); and 
counter boards [right center). &volt battery pack is mounted 
at rear. 

resonating capacitor removed. The 260 and 220 pF 
capacitors are polystyrene and the 100 pF capacitors 
are silver mica. To adjust, connect a counter to the 
output and apply 6 volts DC to the BFO oscillator 
desired. Adjust the corresponding series inductance 
for the correct output frequency. 

IF board 
This board contains the double-balanced mixer, 

crystal filter, IF amplifier, and audio stages (see fig. 
4). The only adjustment here is to peak the slug in T I  
for maximum signal. T I  is also a 10.7 MHz IF trans- 
former with an external capacitor to bring it down to 
9.0 MHz. RF derived AGC is internally generated in 
the Plessey SL6700 IC. U4 is a Texas Instruments 
TL442 double-balanced mixer. Connection of pins 3 
and 12 result in a 500-ohm output impedance to match 
the crystal filter. If your filter has a different input impe- 
dance you may have to design an appropriate match- 
ing network. Application of 9 volts to the mixer is 
necessary to achieve adequate gain. U6 is an audio 
preamp and U7 provides up to a quarter watt of audio 
output to an 8-ohm speaker or headphones. The 
SL6700 has a maximum voltage rating of 7 volts. 

frequency counter 
This unit uses LCD and CMOS components because 

both draw little current and also because we need to 
count frequencies up to 20 MHz (see fig. 5). The least 
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D I G I T / S E G M E N T  

S l G N 4 L  I N P U T  

BP hckphne  
DP d ~ l m a l  P O k l  
V l  6.5536 W Z  

fig. 5. Frequency counter schematic. 

significant digit reads out in hundreds of Hertz because 
of a 10 millisecond gate provided by U2 and its associ- 
ated crystal. This, and the counter chip, U3, are lntersil 
ICs. (It's important to note that lntersil also manufac- 
tures a 7207 A. It's only through the use of the 7207 - 
without the "A" - and the specified crystal frequency 
that the 10 millisecond gate time can be obtained, so 
be careful when ordering.) 

Note that U1 is a high-speed version of the CMOS 
type 4049. Because the latter type will not function 
up to 20 MHz, the 74HC4049 is used instead. 

The liquid crystal display is a Hamlin type 3906. It's 
a little tricky to identify pin 1; to do so just hold the 
display in front of you and move it so that light reflects 

off its face. You'll notice the outlines of the 8s that 
are the digits. Look for the three decimal points be- 
tween the 8s. Rotate the display if necessary so that 
the decimal points are at the bottom. The left end pin 
on the top row is pin 1. These both connect to the 
display backplane (see table 2). 

The counter is constructed on two pieces of per- 
forated board 2-1 I 2  inches (6.35 cm) square, separated 
from each other and the receiver front panel by 1 12 
inch (1.27 cml threaded metal standoffs at each cor- 
ner. The socket for the 7224 IC is a low profile type 
and is nested inside the socket strips for the LCD. 
These strips are merely the halves of a @-pin IC socket 
separated by cutting it lengthwise with a hacksaw. 
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PICK A COMPUTER 
INTERFACE 

TO MATCH YOUR NEEDS 
COMPUTER PATCHTM 

MODEL CP-1 

COMPUTER PATCH" MODEL CP.1 
The AEA Model CP-1 Computer Patch has earned a solid reputation for being the best 
overall interface value on the market today. We at AEA have now reaffirmed what our 
competitors already know; for the money, theCP-1 cannot be beat! That is why we have 
chosen to leave the popular CP-1 in our product line and to introduce new computer in- 
terfacelterminal units with differing features and performance at different prices. 

MICROPATCHTM MODEL MP-1 
The new AEA model MP-1 Micropatch represents the best features and performance 
available for under $140.00. Featuring true dual-channel filtering of Mark and Space 
tones with an AM detector and Automatic Threshold Correction (ATC) circuit, the MP-1 
is in a totally different performance class than competitive units that often haveonly a 
single channel filter or no filtering at all. 

e CW capability. With respect to the CP-1, overall 
CP-1 offers a few more advanced features such 
and a more advanced tuning indicator. 

COMPUTER PATCH MODEL CP-100 
The new CP-100 Computer Patch offers all the following exciting features in addition to 
the CP-1 features: 

170,425,850 Hz Calibrated Shifts for Transmit and Receive 
75 to 1000 Hz Variable Receive Shift Range 
Normal and Reverse FSK Outputs 

hreshold Control 

Built-in Monitor Speaker 
Baud Rate Switch 

915 North Main Street 
Jarnestown, New York 14701 (716)664-6345 



the same. Remove the clip lead from the 7224. Leading 
zeros will now be blanked on the display. 

table 2. 3908 and 7224 designations. 

3908 pins 7224 pins 
20 1B 1A 21 20 4A 48 21 
19 1C I F  22 19 3F 4C 22 
18 1 0  1G 23 18 3G 4 0  23 
17 1E 28 24 17 3E 4E 24 
16 DP ' 2A 25 16 3 0  4G 25 
15 2C 2F 26 15 3C 4F 26 
14 2 0  2G 27 14 38 112 27 

digit 
13 2E 28 13 3A CO 28 
12 38  29 12 2F U 1  29 
11 3C 3A 30 11 2G U O  30 
10 3 0  3F 31 10 2E C 31 

inhibit 
9 3E 3G 32 9 2 0  count 32 

in 
8 4DP 33 8 2C RST 33 
7 4C 48 34 7 28 ST 34 
6 4D 4A 35 6 2A ground 35 
5 4E 4F 36 5 BP OSC 36 
4 4G 37 4 1F 1A 37 
3 38 3 1G 16 38 
2 39 2 1E 1C 39 
1 BP BP 40 1 +  I D  40 

'Use this decimal point - 

general construction notes 
The receiver is built in an aluminum enclosure 

available from Radio Shack (see table 3). A slightly 
larger box would have allowed placement of the bat- 
teries inside. The band switch is a three-pole, six- 
position rotary mounted on the front panel. A coupl- 
ing joins the end of its shaft to  the VFO switch shaft. 

Right side v iew shows tuning pot  and IF gain pot. The 9-volt battery pack is attached to  the chassis bot- 
tom with self-adhesive Velcro strips from Radio Shack. 
This sturdy arrangement allows easy removal for bat- 
tery replacement. Four D cells in a holder mounted 
on the outside rear wall of the receiver supply 6 volts. 
A jack on the front panel provides audio for external 
speaker or headphones. All circuits and functional 
modules are extensively decoupled with ferrite beads 
and capacitive bypassing. The receiver has no birdies 
and the decoupling is probably a significant factor. 
Small diameter RG-174/U coax is used for all signal 
interconnections as well as to and from the volume 
control. The only totally shielded unit is the bandpass 
filter unit. The IF gain control carries DC and does not 
require shielding. 

changes 
Few designs remain unchanged for long. Were I to  

build this one again, I would consider making some 

These two sockets are mounted on unclad perfboard. 
The rear board is copper clad and contains the signal 
processing and gating ICs, U1, and U2. Because of 
the relatively high frequencies involved, this board 
must be copper clad. 

Upon completion of the counter wiring connect a 
clip lead between pin 29 on U3 and ground. For test 
purposes this will cause all digits to appear as zeros 
with no signal input. Connect the 6 volts to the 
counter; application of voltage greater than 6.5 to U3 
could destroy the IC. The purpose of the IN914 in the 
counter is to reduce the 6 volts slightly. Four zeros 
should appear on the display with a decimal point be- 
tween the least significant zero and the next one. 

To calibrate the counter, run a short length of 
RG-174/U coax from the output of the BFO to the 
counter input. Connect an external frequency counter 
to the same point. Adjust the 30 pF trimmer capacitor 
at U2 until the last four digits of the two counters are 

table 3. P a m  end source list. 

Part source 
Hamlin 3906 LCD, MV2115 Circuit Specialists 
diodes. 7 4 H C W .  J308, PO Box 3047 
741, LM396, 10.7 MHz IF Scottsdale. Arizona 85267 
transformers, Vector 
board 

lntersil 7224 counter IC Jameco Electronics 
1355 Shoreway Road 
Belrnont. California 94002 

6.5536 MHz crystal Digi-Key Corp. 
701 Brooks Avenue South 
Thief River Falls, Minnesota 56701 

lntersil ICM7207 IC Advsnced Computer Products 
PO Box 17329 
Iwine, California 92713-7329 

Texas Instruments TL442 IC Radiokit 
PO Box 411 
Greenvilie, New Hampshire 03048 

Plessey SL6700 IC Circuit Board Specialists 
PO Box 969 
Pueblo, Colorado 81002 

BFD crystals JAN Crystals 
2400 Crystal Drive 
PO Box 06017 
Fort Myers, Florida 33906-6017 

Enclosure, battery holders, 
miscellaneous parts Radio Shack 
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changes. First, this receiver is designed with VFO fre- 
quencies chosen so that, for conventional SSB prac- 
tices, a 9 MHz USE filter and one BFO oscillator and 
crystal would probably be adequate for most users. 
Given the current drawn from the D cells, the batteries 
will probably last their shelf life; it may be possible to 
change to C cells to save weight and volume. Perhaps 
the two sets of batteries could be changed to one set 
of eight C cells with a voltage regulator for the 9 volts 
and a direct tap for the 6 volts. One change I would 
definitely make would be separate 80 and 15 meter 
VFO coils. This would make it much easier to  set the 
required frequency range on both bands. 

Other than the 10 pF NPO capacitors across each 
VFO coil, no further temperature compensation was 
done since stability at that point was adequate for my 
purposes. VFO stability could be further enhanced, 
especially at the higher VFO frequencies. I would also 
build the VFO in a separate, shielded enclosure, be- 
cause there is a slight frequency shift when the re- 
ceiver cover is removed. This small portable receiver 
meets all my original goals: simplicity, low cost, and 
good performance. These are exactly the characteris- 
tics which make this receiver ideal for newcomer and 
old-timer alike. 

I'll be happy to  respond to  any questions accom- 
panied by an SASE. (Send to Author's address -Ed.). 
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high dynamic range 
on 2 meters 
In  last November's VHFIUHF World 
column1 we discussed high dynamic- 
range (HDR) with emphasis on cir- 
cuitry for the 6-meter band. Judging 
from the correspondence I've received 
and the quantity of parts ordered from 
Proto Parts,* the interest in this sub- 
ject is quite high. There were also 
plenty of inquiries for information 
about a companion 2-meter down- 
converter. 

Further work has been conducted 
since reference 1 was published. Much 
of this new work, which primarily dealt 
with antenna pattern improvements, 
local oscillator phase noise studies and 
problems with the IF or receiver, was 
presented at the Dayton Hamventi~n.~ 

Since time is precious, I'll keep this 
month's column short and to the 
point, concentrating almost entirely on 
the design of a 2-meter HDR receiver 
down-converter as shown in block 
form in fig. 1. The material in 
reference 1 will not be repeated except 
as required. Further information on this 
very interesting subject will be pub- 
lished as time permits. 

preamplifiers 
Let's start by assuming that you've 

read references 1 and 2. Let's go 
directly to the preamplifier stage. Com- 
mon semiconductor devices used on 
2-meter preamplifiers include bipolar 
transistors, JFETs, dual-gate MOS 
FETs and GaAs FETs. All of these can 
attain excellent noise figures (less than 
2 dB) and more than sufficient gain (12 

the gain, the more likelihood of com- 
pression, overload, and IMD (inter- 
modulation distortion). Furthermore, 
overdriving the mixer, which results in 
a lower dynamic range, can result from 
too much gain in the stage preceeding 
the mixer.' 

The HDR transformer-coupled loss- 
less feedback preamplifier described in 
reference 1 can be used as shown to 
cover the entire frequency range from 
1.5 to 200 MHz with almost no loss of 
dynamic range and only a slight in- 
crease (0.5 to 1 .O dB) in noise figure 
at the higher end of this frequency 
range. Hence this circuit is highly 
recommended for a 2-meter HDR pre- 
amplifier. However, it requires proper 
input and output filtering similar to the 
scheme shown on the Smeter con- 
verter to prevent responding to the 

to 30 dB!). entire HFIVHF spectrum! (More on 

.Proto.Parts ,formerly Proto Fab,, 74 Wedgemere High gain is not too compatible with this shortly.) 
Drive, Lowell, Massachusetts 01852. high dynamic range since the higher 

1100 m W )  

LOCAL 

OSCILLATOR A M P L I F I E R  

116MHz 

R F  INPUT 

L- + 7 d B m  L  0 .  OUTPUT 
TO  TRANSMITTER^ 

( S E E  N O T E  I 1  

fig. 1. Overall block diagram of a 2-meter HDR receive-type down converter. Note 1: If the transmitter LO port is unused, terminate 
it with a 50-ohm load. I 
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fig. 2A. Schematic diagram for a recommended JFET 2-meter preamplifier with moder- 
ate dynamic range. Gain is 11 dB and noise figure is 1.5 to 2 dB typical. 
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DOUBLE CLAD PC BOARD 
Jl.J2 BNC connecmm 
L1,LZ S lums of No. 18 AWO on 0.23 Inch 

01 (SEE T E X T )  01 (0.3s mm) ID and 0.5 Inch (12.7 mm) long 
U310 JFET (I*. tart) 
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fig. 28. Bottom view of preamplifier showing recommended construction technique. 
The preamplifier can be built on the cover of a Pomona 2417, Bud CU123, or equivalent 
cast box. (See text for other details.) 

Dual-gate MOSFETs - and GaAs 
FETs as well - are not recommended 
for HDR since they have too much 
gain. Both are excellent for very low 
noise figures. The output compression 
point for GaAs FETS is poor for HDR 
( +6  to + 8  dBm or 4 to 6.3 milli- 
watts).3 If you use them they should 
have built-in bypass relays so they can 
be switched out of the circuit if there 
are strong signals present that limit the 
dynamic range. 

One of my favorite quick-and-dirty 
preamplifiers uses a JFET. I particularly 
like the U310, a low-cost, readily avail- 

able JFET. Caution: don't use the 
J310, a plastic TO-92 version of this 
device, above 1W MHz. The plastic 
package has too much internal induc- 
tance in the gate lead and the device 
will be potentially unstable at 2 meters 
and above. 

The U310 can deliver good perfor- 
mance from 50-450 MHz with a typical 
gain of 11 to 13 dB, a reasonable noise 
figure (1.5 to 3 dB), and very good 
dynamic range. The typical output 
compression point is not as high as the 
HDR lossless feedback circuit and is 
typically in the range of + 10 to + 14 

dBm (10 to 25 milliwatts), which is 
more than sufficient for most 
applications. 

A JFET preamplifier offers another 
advantage in that it has some "built- 
in" selectivity from its associated 
matching circuits so it can be operated 
without additional input or output fil- 
tering. Two of these amplifier circuits 
in cascade will usually have more than 
adequate selectivity to do the job as is. 
The circuit I use has been around 
many years and was discussed in ref- 
erence 4. The recommended circuit 
and values for 2 meters are shown in 
fig. 2. 

If you don't want to build all the ex- 
tra filtering associated with the bipolar 
lossless feedback circuit and can 
sacrifice a small amount of dynamic 
range, you can use the JFET circuit 
shown in fig. 2. If only a single stage 
is used, the overall noise figure of the 
converter will be approximately 4 dB, 
hardly a problem for most types of 
operation. This sure beats many com- 
mercial transceivers that usually have 
a 7-10 dB or higher noise figure along 
with poor dynamic range and phase 
noise to boot! Two JFET preamplifier 
stages can be cascaded for moderate 

DDUBLE C L A D  PC BOARD 

@ r 

OPENING FOR 01-J 

fig. 2C. Typical shield to be placed across 
Q1. Note I :  Solder both sides of shield 
to the ground plane where shown. 
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fig. 3. Typical recommended input band-pass filter. 

noise figure (1.5-2 dB) with a commen- 
surate loss in dynamic range. 
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IO- 

20 

2 

input filters 
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If the HDR lossless feedback 
preamplifier is used, input and output 
filtering are required. A simple single 
section bandpass should be used on 
the input for reasons discussed in 
reference 1. Typically speaking, the 
capacitance-coupled circuit in ref- 
erence 1 has a sort of high-pass type 
of bandpass re~ponse,~ so it is not as 
effective with all the many types of 
high power RF emitters that are active 
on both sides of the 2-meter band. 

Figure 3 shows an interesting filter 
t op~ logy .~  At first glance it looks like 
a Pi-network. It has one more compo- 
nent than the usual filter, a second 
tuning capacitor. 

The advantage of this filter topology 
is that it has a symmetrical response 
about the center frequency with only 
a moderate loss, 0.3 to 0.5 dB typical. 
As shown in fig. 4, the half-power 
bandwidth is 10 MHz, while the 10 dB 
and 20 dB down bandwidths are about 
30 and 110 MHz, respectively. 

band-pass filters 
Again, if a broadband preamplifier 

2 30- 
0 
D 

40 

50- 

is used, additional filtering will be re- 
quired just ahead of the mixer as 
discussed in reference 1. A recom- 
mended three-section band-pass filter 
is shown in fig. 5. A plot of its filter 
characteristics is shown in fig. 6. It has 
a fairly symmetrical passband shape 
and only a moderate loss - 1.3 to 1.5 
dB. Typical half-power bandwidth is 10 
MHz, and the 10 and 30 dB down 
bandwidths are typically 15 and 33 
MHz, respectively. 

The loss in this band-pass filter will 
' 

not degrade noise figure significantly 
if it is preceded by at least 9 to 10 dB 
of preamplifier gain. This filter should 
provide more than adequate selectivi- 
ty for a high performance 2-meter 
receiving converter. 

- 

mixers 

60 25 O5jLU 5 0  75 100 125 150 

FREQUENCY (MHz) 

fig. 4. Frequency response of the simple band-pass filter shown in fig. 3. 

Various types of mixers were 
discussed in reference 1. The double 
balanced mixer (DBM) is highly recom- 
mended. The Minicircuits Labs TAK- 
1 H or equivalent is highly recom- 
mended for 2 meters. Other mixers, 
shown in table 1 of reference 1, are 
also acceptable. The lower drive DBMS 
such as the SRA-1 will reduce dynamic 
range but still may be more than suffi- 
cient for most applications. 

The DBM circuit in reference 1 is 
very wideband and already covers fre- 
quencies through 500 MHz so it will 
not be duplicated here. Don't leave out 
the diplexer; it's very necessary. Also, 
since the 2-meter band is much higher 
in frequency, the use of a 14-MHz IF 
is discouraged since it won't offer 
sufficient image rejection without ex- 
tensive filtering. 

local oscillator 
A Colpitts series-mode oscillator 

similar to the one discussed in refer- 
ences 1 and 7 is highly recommended. 
Since the typical IF for a 2-meter con- 
verter is 28-30 MHz, a 116-MHz local 
oscillator is recommended. Don't use 
a 58-MHz osci/lator with a frequency 
doubler; it will make breakthrough 
from TV and FM stations a potential 
problem. Don't be 'penny wise and 
pound foolish." Remember - this is 

56 November 1985 





I 

VISAIMASTER CARD 
FREE SHIPPING 

S.A.S.E. FOR OUR 
"BENCH-TESTED" MON-FRI 9 AM - 6 PM CENTRAL TIME 

ON MOST RIGS FOR CASH1 USED EQUIPMENT LISTING SATURDAY 9 AM - 5 PM 

1 1 ,  TOWERS 1 
bv ALUMA 

I 11 ALUMINUM CRnh U, 
W TI  Nllm. MI T 110 
crank up TELESCOPING (CRANK-UP) 
Modal T Ball GUYED 15TALK-UP1 

111 TILT OVER MODELS 

1 Easy a install. LW-him. /II I 
Crank-UDS 10 100 It. / 4 

J 220 

58 November 1986 



1.0 1.0 

74 C I  
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b placed 1 turn up Imm around end 
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fig. 5. Typical recommended three-section 2-meter band-pass filter. 
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fig. 6. Plot of the frequency response af the threesection %meter band-pass filter shown 
in fig. 5. - 

a high-performance HDR receiving 
converter! 

Since the frequency of the oscillator 
is much higher than in the 6-meter 
converter, the tuned components had 
to be modified. The final oqcillator cir- 
cuit and q suitable power amplifier are 
shown in figs. 7 and 8. It will provide 
the necessary 100 milliwaqs of power. 
(More on this later.) Again, a low-level 
output is provided for a transmitting 
up-c~nveTter.~ 

postamplifiers 
The low-noise postamplifier using 

the lossless feedback circuit describ- 

ed in reference 1 is recommended 
without changes, so it won't be 
duplicated here. Note how the 
modular approach discussed in 
references 1 and 7 has paid off. If you 
have the mixer and post-amplifier from 
the 6-meter converter, all you have to 
do is to change the local oscillatpr and 
front end, and away you go on 2 
meters. 

constructiop tips 
Once again, the modular approach 

is recommended, with each separate 
circuit packaged in a shielded box. The 
circuits can be built above a double- 

clad priqted circuit type of material as 
described in reference 1. The boards 
can be attached to the cover of the 
boxes with the connectors. This 
method provides excellent grounding, 
and the components can be soldered 
directly to the board where grounding 
is required. 

The three-section band-pass filter 
must be carefully laid out so that 
mutual coupling will not cause pass- 
band ripple. This can be accomplished 
if the individual coils are all wound in 
the seme direction and placed at least 
1 /2 inch ( 12.7 mml apart. 

The U310 preamplifier circuit, if 
used, should be carefully laid out with 
shielding in mind. First a hole should 
be drilled near one side of the center 
of the circuit through the PC board. Its 
diameter should be 0.191 inches (4.85 
mm), the diameter of a No. 11 drill. 
Next, place the U310 in the hole up- 
side down and quickly solder the gate 
lead to ground as well as the tab on 
the U310 can. This provides additional 
input to output isolation. Next place a 
shield with a notch for the transistor 
leads across the JFET to isolate the in- 
put and output circuits as shown in 
fig. 2. 

Leads in the oscillator should be 
kept short, especially those going to 
the crystal and its associated com- 
ponents. Also, it's wise to place the 
oscillator in a box separate from the LO 
amplifier so that any heat generated by 
the amplifier will not affect the stabil- 
ity of the oscillator. This has a secon- 
dary benefit: if the oscillator is sepa- 
rate, it can be used dirgctly with a stan- 
dard ( + 5 dBm or 7 milliwatt) DBM un- 
til you upgrade to the high-level DBM. 

tune-up 
First connect all the modules 

together as a full converter per fig. 1. 
Then connect an appropriate Zmeter 
antenna to the input of the converter. 
If the oscillator is functioning, noise 
and possibly signals will be heard. 

The local oscillator should be tuned 
for maximum output as indicated on 
an RF power meter. Don't detune the 
oscifiator for frequency ''netting'? this 
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fig. 7. Recommended oscillator circuit for a 2-meter HDR receive converter. The values 
shown are for 116 MHz and can be used over a wide range of frequencies. If an oscillator 
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decreased slightly to obtain resonance. 

74 c >  
- 

!s unly a qmmoaore 
(or C128) and A TV Set 
>ves the "Mystery" of 
; to Say in On-the-Air 

L 0 A Y P L I T I E R  

0 00, ,. 

r e  
n 

G64 
Remc 
what 

, 

100 

Cont, 
Exce 
ginnc 

- .  

-; 39 

acts 
Ilent Pr 
?rs and 
. - -  

will decrease frequency stability. If 
only a diode detector is available, place 
a 3 to 10-dB attenuator pad on the out- 

mum signal strength without a great 
loss in performance. 

If the U310 preamplifier is used, first 
set the input capacitor for nearly 
minimum capacitance. Next peak the 
output capacitor for maximum gain or 
noise when in a typical circuit. The 
typical gain should be 11 to 12 dB. If 
noise figure measurement gear is avail- 
able, tune the input circuit for the best 
noise figure. Sometimes this can be 
done at local VHF/UHF conferences, 
especially when noise figure measure- 
ment contests are conducted. 

'or Be- 
ro's" - - 

Standard Format and Gem- 
Abbrev 
L I I  Exch 

r sena Morse wltn your Key- 

put of the oscillator and the diode 
detector on the output of the pad. 
Tune the oscillator for maximum out- 
put power. 

If a normal range DBM is used, con- 
nect the LO directly to the DBM. If an 
HDR DBM is used, connect the LO to 
the LO amplifier with a piece of coaxial 
cable and measure the available out- 
put power. It is not critical, but should 
be between 50 to 150 milliwatts for the 
HDR mixer configuration. 

If the lossless feedback preamplifier 
is used, it doesn't require tuning but 
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APPLICATION 
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At first, performance may not seem 
spectacular. In fact, the gain may 
seem low despite the noise figure 
available. If you can borrow a noise fig- 
ure meter, check the performance so 
you'll know you're where you should 
be. You should be able to hear just 
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P.O. Box C.211 
TELEX 152571 AEA INTL the input and bandpass filters do. The 

input filter can be peaked on a weak 
signal or tuned for minimum VSWR on 
a low-power test set-up. The band- 
pass filter is best tuned on a sweep set- 
up, but again could be tuned for maxi- 
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frequencies Internal FM adjustable from 
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0 to 100 kHz at a 1 kHz rate External FM 
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about anyone who's working into your 
area, if your antenna gain is sufficient. 

In the presence of strong signals, 
you will immediately notice the im- 
proved performance. Now you'll see 
why I've previously stressed that the 
IF will ultimately be the limiting device! 
If you used the modular approach, the 
circuits can be swapped at will as you 
step up in performance. Also, should 
you ever ~u f fe r  a failure, repair or 
bypassing is easily accomplished. It 
may even be smart to incorporate a 
bypass switching arrangement to 
switch out the IF postamplifier when 
high level signals are present. 

0.1 

\ I  

summary 
This month's column again stressed 

improved performance that is within 
the means and skill level of most 
Amateurs. Those who have tried these 
approaches have been pleasantly sur- 

2 k  
, 

prised. It's nice to know that you're 
keeping up with the state-of-the-art! 
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When good gear is used, contacts are 
more enjoyable and the weak ones are 
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important VHF/UHF events 

1 CRI 1N4148 or aqulvaknl slllcon diode 
L1 5 turns or No. 20 4WG w h  on 

0.25 inch (6.35 mmt ID and 0.5 loch 
(12.7 mmJ long 

L 2 . U  7 turns or No. 24 AWG 0.1 lnch (2.5 mm) ID 
and 0.25 lnch (6.35 mm) long 

01 CATV lype of slud.maynl.d medlum 
power tnnslslor. See reference 8. 
MSC 82091, Acrian CD1899. NEc74020/2SC1251. SSM SO 
1005 or TRW ~ r 2 0 0 1  an a11 
sultsbl. 1ypp.r 

0 2  high gain PNP lrsnslstor. 212905 or squlvalsnl 
R I  20 ohms 0.5 watts. Can use two 39 ohm 

1/4 w a l b n  #n p4mllel 

fig. 8. Recommended local oscillator amplifier for use with high-level DBM. Note 1: 
Bolt 01 stud to cover of box to provide better heatsinking. 

-- 
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November 2: Peak of Taurids Meteor 
Shower predicted at 0930 
UTC 

November 2-3: ARRL International EME 
Contest 

November 3: 

-- 
,--, 51 

November 12: 
November 17: 

-- 
,-\ 27 

November 23-23: 

December 2: 

December 11: 
December 13: 

December 21: 

December 21: 

Peak of Casseopids Meteor 
Shower predicted at a930 
UTC 
EME Perigee 
Peak of Leonids Meteor 
Shower predicted at 031X) 

UTC 
ARRL International EME 
Contest 
7- 7 1  PM Local, 2-meter 
SWOT Contest (contact 
K5lS for details1 
EME Perigee 
Peak of Geminids Meteor 
Shower predicted at 01550 
UTC 
Peak of Ursids Meteor 
Shower predicted at 2200 
UTC 
f I month, winter peak of 
sporadic- E propagation 
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nn mwpv? Kantronics outT'8 A F-) 

the competition 
Presenting three intelligent, versatile, 
compatible terminal units. 

"SMART" means an internal microprocessor is used 
to im~rove  ~erformance and add versatilitv. The 2 
"smart" ~antronics TU's can transmit and receive p 
CWIRTTYIASCIIIAMTOR or Packet when . 
combined with your computer and transceiver. 

Any computer with a serial RS232 or TTL 
port can connect directly to a Kantronics TU. 
A s i m ~ l e  terminal proaram, like one used with a 
telephone modem: is ihe only additional program 
required. Kantronics currently offers Pac- 

- 

term and UTU Terminal Programs for 
IBM, Kaypro, Commodore 64, VIC 20, and 
TRS-80 Models Il l, IV, and IVP. D~sk  
version $1 9.95. Cartridge $24.95. 

UTU The Universal Terminal unit (UTU) 
is the original "Smart" amateur TU. 
CW, RTTY, ASCII, and AMTOR can all 
be worked with this single unit. 
Switched capacitance filters and 
LED display tuning make using the 
UTU easy for even the Novice. 12 
Vdc 300mu power supply required. 
Suggested retail $1 99.95. 

UTU-XT The UTU-XT is an enhanced 
version of the UTU. Programmable baud 
rates, tone frequencies, and tone shifts give 
special versatility. Automatic Gain Control and 
Threshold Correction circuits greatly enhance 
sensitivity and selectivity. A RTTY signal 
detect circuit mutes copy with no carrier, and 
the CW filter center frequency and bandwidth 
are programmable. Power supply is provided. 
Suggested retail $359.95. 

Packet Communicator Kantronics 
joined the Packet Radio revolution with the 
Packet Communicator. The unit is an AX.251 
Vancouver compatible TNC with features not 
found in other units, including Direct TTL 
connection for easy hookup to the VIC-20 and 
Commodore 64. With our onboard modem 
you can select either Bell 202 or 103 tones for 
VHFIUHF or HF work. Power supply is pro- 
vided. Suggested retail $21 9.00. 

For more information contact your local 
Kantronics dealer or write: 

- 

K2 Kantronics 
I :  ! ?7,r'd <lp-F;er ro i :~  ~~12 .77 .15  

LawrC-tir'; Kansaq 660.46 





ANOTHER B-ROUGH FROM &?A 

Packet + RTTY= tr:uiscei\~er, ;111cl !fou'rc set .  speci  fie ope r ;~ t ing  p;lr:initbters for 
If yoil'rc a n s i o u s  to t n  i t  ou t ,  o u r  cluick s e t . i ~ p  for emergenc.y 

PakratP PK-64. nc\v "cl~~ic.kst;~rt" m;~ni~:tl sec t ion sc8n.ic.c.s, c ~ u h s ,  ;tnd n i u ~ t i p ~ e  lie- 

If yo11 '\.c. re:icI : ~ h o i ~ t  p ; ~ ~ . k c ~ t ,  o r  
a r e  alrV;lcl!. i n to  it. y ) u  knolv lion 
cSsciting i t  is. W t h  thr hot nca  
I):rkr;rtt PK-64 we've jmst h r o i ~ g l i t  ;I 

n r w  d imens ion  t o  ~ x ~ c k e t .  l'hc 
I';~kratt I'K-64 is ;I comple te ,  l't~lly 
;~ssemhlccl  :lntl testccl p;lcket raclio 
controllc.r \vliich, togcthc2r tvith a 
(:ommoclore 64 o r  178 coIiipllter, 
can  convert  your sli:~ck in to  ;I 
p:~cket oper;itions centcr .  
Antl wc;ve incluclccl ;I n c w  \'ersion 
o f  o u r  ;~cl\.:~ncccl Mf3A-TORm soft- 
xv:lrca t o  m:tkc i t  the, lirst packct 
controller  with AMTOR. I3;1uclot, 
AS(;II :md Morse. But :In evcn 
moreb escit i t ig p:irt o f  tlic 1':tkr;ltt 
(.ontroller is  its jire;rt price. 

can  get !.OII 011 tlic :tir in unclrr 
14 hour.  

Simply P o w e r -  
'I'hc \,c.rs;~tiIr I?.~kr;ltt contrc ) lIr~.  
slio\vs ~ i i c s s ;~ge~s  ancl c.onncc.1 
st :~tus s i ~ i i ~ ~ l t : o c ~ o i ~ s I y  011 yoilr 
<:onirnodorc \vitli a iiniclue split- 
scrc.cBn clispl:~\.. Ancl it lets \.ou 

tlilency L I S ~ .  Ant1 t h c ~  P:tkr:ltt (.on- 
troller's stanclarcl, TAI'K sr\le 
mot lcm gives ?)LI  300 :~ncl 1200 
I,:t~~cl opera t ion with grc:lt 
fII::VI IF performance.  

We c m ' t  p o ~ i l 7 l y  list all o f  
t h e  impor tant  fc.:ttilrcs o f  I);tkr;~tt 
lierc.. 13i1t tlic :tbsolutc.ly I-~est part 
o f  t h e  1';lkratt I'ti-6.4 is tli:it it's nt 
!.oiir cle:tlcr non: S o  s t o p  reatling, 
run c lo~vn to your Ioc:ll clc;iler, 
;lncl check  Pakr;~tt oilt. 13tac:ti~se 
the. real cli:~llt~ngc. \\.ill I>e to find 
o n c  after t h e  o t h c r  Ii;lms sec it. 

I'akr:~tt I'ti 6-4. I';~ckct I'oa.cr 
from AEA. At ;Im:ltcur r:lclio 
clealers c v e n ~ v l i e r c .  

PK-64 shown w~th HF modem option. 
Corn~uter not included. 

Incredibly Simple scncl Icttc.r-l-~~rt'cct lest horn t h e  
To Set Up Advanced Electronic Applications, Inc. 

test eclitor s O f n ~ t r c  aliilc. m o n  P.O. BOX C-a60 
l u s t  p lug t h e  I':rkr:~tt c o n ~ r o l l r ~  i toring incoming  mcssagc.s. 'l'lie ~ ~ ~ ~ ~ ~ ~ d ,  WA 98036-0918 
i n to  tlic C-04's  g:lme c:~rtriclgc 20ti  byte Q S O  h i ~ f l r  s tores  m o r e  (206) 775-7373 
slot, :~clcl :I ~ i i i c  connec to r  l i ~ r  than 20 \.icIeo sc reens  o f  test!  Telex: 6972496 AEA INTL UW 
connec t ing  t o  yoilr p:~rt icul;~r I)isk comni:~ncls Ict you s;l\.c 
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TREC770N FINDING? 
---- -. - 

* ~nrenerence ~ocar.. .. .* VHF and UHF Coverage 

S :e 

x bau~u I ~t au~ecn aynrneslzer 

I Monitorir 

New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 10( DOPPLER SYSTEMS. INC. 5540 E- Charter Oak- 0 

Scottsdale, AZ 85254 1151 

- r - - -  

* 12 VDC Operation 

+ 
CUSTOM COMMUNICATION CONSOLES 

Personal, Commercial, Industrial & Governmental Applications 
Any shape & size to fill a corner or a room. Special design features & services are: 
Replaceable front panel, for equipment changes. Precisely cut front panel ho la  
by computerued equipment. Computer aided design for: Floor plan lay-out, & 
conso!e design. Design assistance, on-site analysis & installation are available. 

Constructed from plastic laminated birch plywood & black anodized 
aluminum extrusions. 

Contact: Larry Kushner, WA6BKC14, President r /  134 
BCS, Inc., 5817 SW 21 Street. Hollywood, FL 33023 (305) 989-2371 
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Over 8.000 sold 
0.5 - 200 MHz 
19 dB gain 
50 $1 inloutput 
For receivers, counters, transmitter 
amp stages 
Built, tested & ready-to-go 

ONLY $9.95 + $1 shlpplng 

1 Fils ~n your shrfl pocket ,fi I 
Uses 1 

4 digit 
6 digit 

1 MHz 

I Great addition to shack and toolbox 

fl 
ONLY $49.95 + $2 shipping I 



ham radio 

the mystery of 
the tapered element 
I received an interesting letter in 
the mail the other day. It seemed some 
of the DXers were having a lively dis- 
cussion on the effects of taper on the 
elements of a Yagi beam antenna. Re- 
cently published information on 
tapered elements seemed to indicate 
that a severely tapered element could 
actually be longer than a half-wave- 
length yet still be resonant.' 

The letter writer concluded that it 
was reasonable to see that a "thick" 
element is shorter than a "thin" ele- 
ment, but it was beyond the realm of 
possibility that a tapered element could 
be longer than either a "thin" or 
"thick" element. 

My friendly inquirer closed his letter 
by saying that a "longer-than-normal 
resonant element of the tapered vari- 
ety contradicts the laws of Nature. Say 
it isn't so!" 

the background 
This was an interesting letter. Is it 

possible to have a tapered element 
physically longer than a half-wave- 
length at a given frequency, yet reson- 
ant at that frequency? A little insight 
into basic antenna theory might pro- 
vide the answer. To quote the ARRL 
Antenna Handbook? 

The shortest length of wire that will 
resonate to a given frequency is one 
just long enough to permit an electric 
charge to travel from one end to the 
other and then back again in the time 

of one RF cycle. If the speed at which 
the charge travels is equal to the veloc- 
ity of light, 300,~,OOY) meters per 
second, the distance it will cover in 
one cycle will be equal to this velocity 
divided by the frequency in cycles per 
second, or 

300 000 000 = -- 
f (HZ) 

in which X is the wavelength in meters. 
Since the charge traverses the wire 
twice, the length of wire needed to 
permit the charge to travel a distance 
X in one cycle is X/2, or one-half 
wavelength. 

Since the speed of light is a univer- 
sal constant, either the frequency can 
be adjusted to a given wire length, or 
the wire length can be adjusted to a 
given frequency. Finally, by changing 
from the metric system to the English 
system and dividing the formula by 

0.99 - 

0.98 - 

two, the familiar and useful formula for 
a half-wavelength in space is: 

492 L = --- 
~ ( M H Z )  

where L is length in feet of a half- 
wavelength for a frequency, f, in MHz. 

The final step is to take into account 
the ratio of length to diameter of the 
conductor. The smaller the ratio, the 
shorter the antenna will be for a given 
electrical length. This is illustrated for 
tubing elements in the graph fig. 1. 

A length-to-diameter ratio of about 
4,000 to 1 is appropriate for a wire an- 
tenna in the HF range. A length-to- 
diameter ratio of, say 250 to 1 could 
apply to a resonant element made of 
aluminum tubing. The tubing element 
would be about 97 percent as long as 
a wire element for the same frequency. 
It is possible, then for a "thick" ele- 
ment to be quite a bit shorter than a 

0 - - - - - - - - - - - - -  - 
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fig. 1. Ratio of half-wavelength to conductor diameter (K-factor for tubihg elements). 



I fig. 2. Early broadcast antenna towers. I 
"thin" wire element, or than the free- 
space dimension of a radio wave of a 
given frequency. No argument so far, 
is there? 

what the broadcasters 
found out in 1934 

In 1924 Stuart Ballantine showed 
that, for a given amount of radiated 
power, the field strength at the horizon 
would be greatest when the vertical 
antenna (over a good ground) was 
0.64 wavelength high.3 This was the 
concept behind the popular 518-wave- 
length vertical antenna. 

This was of immense benefit to 
broadcast stations because it allowed 
them to have a signal about 40 percent 
greater than that provided by a 114- 
wave vertical antenna fed the same 
power. During the period between 
1925 and 1930, many broad-cast sta- 
tions in America and Europe switched 
over to the new antenna design. 

In attempts to obtain this optimum 
situation the broadcaster had to erect 
a tower more than twice as high as had 
been used previously. Two types of 
tower designs were available, as 
shown in fig. 2. The type A installa- 
tion consisted essentially of two 
towers placed base-to-base and held 
in a vertical position by four or more 
guy wires. The type B design was 
more conventional, with the four 
tower legs mounted on base insula- 
tors. No guy wires were required. 

After using these towers for some 
months it became apparent that the 

results achieved were not consistent 
with theory. The promised gain failed 
to materialize, and the unwanted, high 
angle radiation was not appreciably 
reduced. In May, 1934, extensive tests 
were run on the radiation pattern of 
WABC (in Wayne, New Jersey), using 
an airplane to provide vertical pattern 
plots. The results were discouraging 
(fig. 3). 

The next step was to measure the 
current distribution along the tower. In 
the case of the type A design, the 518 
wavelength tower should have the cur- 
rent distribution shown by curve A of 
fig. 4. But the measured current actu- 
ally resembled curve B! The current 
distribution did not resemble the sin- 
usoidal curve predicted by theory, nor 
was there a current reversal approxi- 
mately a 1 /2-wavelength from the top 
end of the antenna! The top portion of 
the antenna carried very little current 
and the bottom portion of the antenna 
nearest the ground carried most of the 
current. 

H.E. Gihring and G.H. Brown of the 
RCA Victor Company ran tests on an- 
tenna models built to scale for a wave- 
length of 4 meters. The tests on the 
models duplicated the results found by 
measurement on the larger broadcast 
 antenna^.^ The clue was that the cur- 
rent distribution on the tower was non- 
sinusoidal, and the rules that applied 
to normal antennas with sinusoidal 
current distribution did not apply to 
towers of irregular cross section! 

Armed with this information, tests 
were run on the type A tapered an- 
tenna tower at WCAU (in Philadelphia, 
Pennsylvania 1. This tower has an addi- 
tional 100-foot shaft protruding out of 
the top. They found little current in the 
shaft and, again, no reversal of current 
at the half-wave point along the tower. 

The final check was to build a 4- 
meter model antenna out of wire hav- 
ing a constant cross-section. They re- 
ported "substantial agreement" be- 
tween theoretical and observed values. 

problem defined 
how to solve it 

Gihring and Brown had proved that 
it would be desirable to make the 

THEORETICAL PATTERN 

MEASURED PATTERN 

I 

fig. 3. Airplane field strength measure- 
ments on WABC antenna showed radia- 
tion pattern was not what was expected. 

A - THEORETICAL CURRENT D ISTRIBUTION 
ON 3 / 8  - WAVELENGTH TOWER. 

B - MEASURED CURRENT DISTRIBUTION 

fig. 4. (A) Theoretical current distribution 
on 5/8-wavelength tower and (B) meas- 
ured current distribution. 

cross-section of the 518-wave antenna 
constant if it were to obey the theore- 
tical laws and deliver the anticipated 
power gain. They proved this in simple 
fashion. They made a wooden frame- 
work the same size as the maximum 
tower cross-section for the WCAU 
tower and dropped wires down to the 
corners of a square frame placed at the 
base of the tower (fig. 5). Voila! Even 
with as few as four wires, the current 
distribution on the tower approximated 
the desired sinusoidal waveform and 
the radiation pattern proved to be what 
was predicted for the 5/8-wave an- 
tenna height. 

So there it was. By summer, 1935, 
broadcasters had started to shift away 
from self-supporting towers in favor of 
uniform cross-section, guyed towers. 
And these are the tower designs that 
are in use today by the majority of 
broadcast stations around the world. 

the taper effect 
Although they had a different goal 
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fi(r.5. Wire frame suspended from "hat" 
atop WCAU tower restored proper cur- 
rent distribution along the tower. 

in mind, Gihring and Brown had de- 
fined and described the so-called 
"taper effect" - that is, that normal 
assumptions about antenna length do 
not apply when the antenna element is 
not unifrom in cross-section through- 
out its length. The antenna can be 
"thick" or "thin" and all is well, but 
when it's tapered, all sorts of strange 
things seem to happen! 

the discoveries 
of W3MWC and WGKPC 

While the tapered tower effect was 
well-known in the broadcast industry, 
it remained unknown to the Amateur 
fraternity in general. The taper problem 
did not apply tp VHF beam antennas, 
it seems, because most of them were 
made of a single section of tubing for 
each element and no taper was pre- 
sent. Even conventional 6, 10, and 20 
meter beams had little, if any, taper. 
For experimenters who built HF beams 
with tapered elements, the puzzling 
results and poor beam performance 
could not be linked to the conventional 
element dimensions in use. 

As far as I know, the first discussion 
of element taper in Amateur literature 
was presented by my good friend 
Frank Clement, W6KPC.5 Frank found 
that his 14 MHz driven element ended 
up 17 feet 2 inches (5.23 meters) long 
because of the extreme taper. (Note 

that the element is longer than the 
conventional electrical half-wave- 
length.) 

There the matter rested until 1967, 
when Jim Berger, W3MWC, attempt- 
ed to build a 3-element, @-meter beam 
with tapered elements. In a letter to 
QST,' Jim noted that he had to  
lengthen his elements to make the 
antenna work properly. The tapered 
driven element ended up 71 feet (23.6 
meters) long (again, much longer than 
the conventional electrical half-wave- 
length.) 

W2PV defines and 
solves the problem 

Aided by data from WGKPC, I de- 
rived a simple chart that provided a 
correction factor for a tapered ele- 
ment, based upon the maximum and 
minimum diameters of the element. It 
proved to be practical, and a few 
beams with tapered elements were 
designed from my data with good 
results. However, I had no mathemati- 
cal proof that my supposition was 
correct. 

I pushed the matter to the back of 
my mind until the late Jim Lawson, 
W2PV, published a mathematical ex- 
planation of element taper in his 
monumental series of articles in ham 
radio.' The computer program he sug- 
gested was quickly compared against 
my heuristic (cut-and-try) data and I 
was pleased to find excellent agree- 
ment. A variation of the original pro- 
gram has since been published in ham 
r a d i ~ . ~ . ~  

and the answer is 
Yes, it is entirely possible for a "half- 

wave" element to be longer than pre- 
dicted by conventional formulas if the 
element in question has a nonsinus- 
oidal current distribution along it. One 
of the most common examples (there 
are.others) is the simple tapered ele- 
ment having a non-uniform diameter 
along its length. But the means are 
now at hand to predict this aberration 
and to compensate for it. 

the 80-meter Yagi at OH1RY 
Build an 80-meter Yagi antenna? 

fig. 6. The 80-meter Yagi of Peter, OHIRY. 
If you look closely, you can see Peter stand- 
ing atop the center of the beam. 

Impossible. But Peter Kolehmainen, 
OHlRY did it! The antenna is shown 
in figs. 6 and 7. This monster is atop 
a %!-foot (30.6 meter) high tower plac- 
ed on the crest of a 60-foot (18 meter) 
hill, making the beam about 150 feet 
(46 meters) above the surrounding ter- 
ritiory. The boom length (including the 
tip guying supports) is 72 feet (22 
meters) long. The antenna itself 
weighs about a half-ton (454 kg). 

Element taper? The element is 6 
inches (15.24 cm) in diameter at the 
boom, tapering to'l l2-inch (1.27 cm) 
diameter at the tips! As you can im- 
agine, this provides some bizarre ele- 
ment lengths. The driven element is 
135.5 feet (41 meters) long for reson- 
ance at 3.8 MHz. The first photo 
shows Peter squatting on the driven 
element, which is hinge-mounted to 
heavy insulating plates bolted to the 
side of the boom. The weight of the 
element is supported by the small 
"mast" and guy wire assembly behind 
him (I wonder where the photographer 
was standing when this picture was 
taken?) 

If you look at the photo of the beam, 
you'll see Peter standing atop the 
antenna, dwarfed in size by the mon- 
ster he has created! 

Does the antenna work? Just listen 
for OHlRY and judge for yourself! 
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good reading f Canada 2. n"ARRL Antenna b ~ o k ,  14th di, lSp, ARRL, 
Nswiwton, Connecticut. IAvaLbk from Ham Radio's 

Our neighbor to the north, Yuri Bookstore. Greenville. N ~ W  Hampshim03048.1 

~ l ~ ~ ~ ~ ~ ~ i ~ h ,  V ~ B M V ,  is the editor of 3. S. Ballan-. "On O~tknum Tra-iniw W ~ M -  
length for a Vertical Antenna Over Perfect Earth." Fro. 

a publication that all Amateurs (espe- ceedings of rhe IRE, December. 1924, pages 833.839, 
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first-class production Radiosporting 
covers all aspects of contest and DX 
operating - antennas, equipment, 
station operation, stories of DXpedi- 
tions - the works! I enjoy every issue 
of this publication. If you're interested 
in it, contact Yuri at Box 65, Don Mills, 
Ontario, Canada M3C 2R6. (I wish 
somebody would explain the British 
and Canadian postal code s y s t e m ! )  
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9. Walter J. Schulr, Jr., K3OOF. "Kay to 3-element 
1. Bill On, WGSAI, and Stu Cowan, W L X ,  Beem 

Yagi Design." ham radio, March. 1984. page 48. 
Antenna Handbook. Available from Ham Radii's 
Bookstore. Greenville, New Hampshire o m .  ham radio 
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PSK DEMODULATOR- 
decodes satell~te's housekeeping status 
reports, environmental data collected and 
pla~n text bullet~ns RADIO Kn 
INPUT- BOX 411 H 
aud~o output of SSB receiver or cassette player. Grmwlllo, NH 

OUTPUT- 1803) IITblO 
RS232 compatible serial bit stream at 1200 baud. ,, 131 telex 887887 



Take it with you. 

ShackMasterm puts your home station in the palm of Exchange electronic mailbox messages with your 
your hand. Whether portable, mobile, around the yard family - like "I'll be late", or "All is OK". Or talk with your 
or around town you'll be linked through your handheld family directly through Shackpatch", with you in remote 
to your high performance equipment at home. Even call control of your home station. Report traffic accidents or 
home from any Touch-Tone phone and operate. disabled motorists through your home phone while 
Scan the bands, change modes, select antennas, turn mobile or portable with Personalpatchy 
gear on and off - all from your Touch-Tone keypad. All the power of your home station (and more) really can 
Check into nets, work skeds, ragchew and DX without follow you anywhere.. . to  find out more about 
being tied down to the shack. ShackMasterm just write, send us your QSL, or call and 

talk with us at 408-749-8330. 

acc advanced 
computer 
controls, inc. iosis Northr~dge Square . Cuperllno. CA 95014 (408) 749-8330 

More Details? CHECK-OFF Page 142 r /  135 November 1985 71 
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1 3 0  450MHI. I S  W A I T S  

I" .In ,deal Mrkaqe -.,IF 

MA-550 55' TUBULAR H D MAST CALL FOR YOUi i  S P E C I A L  P H l L F  

.Why You Should Buy. 
SUPER-COMPACT 
2 METER MOBILE W-51 S899 

2. Pleases neighbors with 
tubular streamlined look 51 ' CRANK-UP 9 SQ' 

ALSO 'IC-27H HIGH POWER VERSION 
AND IC-37A. 220MHz 

IC- 47A. 70CM SAVE'  

CALL FOR PRICE 
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a," w r ~ r  CALIF. AND ARIZONA CUSTOMERS CALLOR VISIT NEAREST STORE 
go8 .,mu* m n l .  

OLFN" K ~ N . Y " ~ > , ~ D  PHONE HOURS: 9:30 AM TO 5:30 PM PACIFIC TIME. 
1, "bli l .  V." uul. 

m M ~ ~ - ~ , ~ , s a m a , s u p * , - - * ~  STORE HOURS: 70 AM to 5:30 PM Mon. through Sat. 
L 

ANAHEIM, CA 92801 OAKLAND. CA 94809 SAN DIEGO, CA 92123 
2620 W. La Palrna, 2811 Telegraph Ave.. 5375 Kearny Villa Road. 

(714) 761-3033. (213) 860-2040. (415) 451.5757. (619) 560.4900. 
Between Dlsneyland 6 Knolls Berry Farm Highway 24 Downlown. Lelt 27111 olf-ram[~ Htghway 163 ant1 Clalrernont Mesa Blvd 

BURLINGAME, CA 94M0 PHOENIX. AZ 85015 VAN NUYS. CA 9l401 
990 Howard Ave., 1702 W. Carnelback Road. 6265 Sepulveda Blvd.. 

(415) 342-5757. (602: 242-3515. (8181 988.2212 
5 moles soulh on 101 from San Fran Atrport. f l  136 Easl o l  Highway 17. San Doego Freeway al Viclary Boulevard 
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Band Wired 
10M,6M, 
21111,220 $680 $880 

440 $780 $980 

FEATURES: -----.J 

SENSlTlVlTYSECONDTO NONE; 0.15uV(VHF),0.2uV(UHF)TYP. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMICFILTERFOR > l00dBAT i 12KHZ. HELICALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
linefront end,0.3uVsens. Kitonly $138. 

I R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFC or hel. res. Kits only $118. Alsoavail w14 pole filter, only $98/kit. 
RllO VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. OnlyS98. m&m 
T51 VHF FM EXCITER forlOM,6M,2M, or 
220MH~.2Wattscontinuous, upto3W 
intermittent. $68/kit. 
T451 UHFFM EXCITER2to3Watts.Kitonly$78. 

I Xtal oven avail. 
w VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 

from 10 to 45 Watts to go with exciters &xmtg converters. Several models. 
Kits from $78. 

c ' E A " E n S y ~ u ~ ~ ~ ~ ~ ~ s ~ ~ n ~ R ; u p ~ 0 2 0 w ~ n s o m ( u p ~ 0  I NOW-FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE I SOW WITH OPTIONAL PA). FOR HIGH-BAND& UHF. CALL FOR DETAILS. 

I Models tocoverevery practical rf 8 if range to listen toSSB, 
FM,AN,etc. NF =2dBorless. 

VHF MODELS 144-148 50-54 
220-222 2830 

Kit with Case $49 ~ 0 . ~ 4  144-148 

Less Care $39 m-2% 144-148 
220-224 50-54 

Wired $69 m-224 28-30 

UHF MODELS 432-434 28-30 
Klt wlth Case $59 435-437 28-30 

Less Case $49 432-43 144-148 

Wired $75 "-" 438.25 50-54 61.25 

I SCANNER CONVERTERS CopyeOeMHzbandonany scan- 
ner. Wiredltested ONLY $88. 

For SSB, CW, ATV, FM, etc. Why pay blg bucks for a multl 
mode rig for each band? Can be linked with recelve convert- 
ers fortransceive.2Wattsoutput vhf, 1 Watt uhf. 

Excitw A!ItOnM 

For VH F, Input Reng. Output 

Model XV2 2830 144-148 
28-29 1 6 - 1 4  

Klt $79 2830 50-52 
27-27.4 144-144.4 

Wlmd $1 49 28-30 220-m. 

(Specify band) 220-224 
?a-52 

For UHF, 28-30 ~ 2 - 4 3 4  

Model XV4 28-30 435-437 
50-54 432-43 

Kit $99 61.25 438.25 
144-148 432-438. 

Wired $169 'AddS20forZM Input 

VHF & UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 
kits from $78. 

Hamtronics Breaks 
the Price Barrier! 

* 
No Ned to Pay $80 to $125 
for a GaAs FET Pnamp. 

FEATURES: 
Very Low Noise: 0.7 clB VHF, 0.8 dB UHF 
High Gain: 18 to 28 dB, Depending on Freq. 
Wide Dynamic Ran~e for Overload Resistance 
Latest bual-gate G&,S FET, Ve Stable 

MODEL TUNES RANG% PR~CE 
LNG-28 2640 MHz $49 
LNG-50 4646 MHz $49 
LNG-144 137-150MHz $49 
LNG-160 150-172 MHz $49 
LNG-220 210-230 MHz $49 
LNG-432 40@470 MHz $49 
LNG-800 800-980 MHz $49 

Low-noise preamps 1~1th 
helical resonators; re- 
duce intermod (and 
cross-band interference 
in critical applications. 
12dB gain. 

Model lJ~ning Range 
HRA-144 1 ,43-150 M Hz $49 
H RA-220 21 3-233 M HZ $49 
H RA-432 4,20450 MHz $59 
HRA-( 1850-174 MHz $54 
HRA-( ) 450-470 MHz $64 

MO-202 FSK DATA MODULATOR. Run up 
to 1200 baud digital or packet radio sig- 
nals through any FM transmitter. Auto- 
matically keys transmitter and provides 
handshakes. 120012200 Hztones. Kit only 
$45. 
DE-202 FSK DATA DEMODULATOR. Use 
with any FM receiver todetect packet ra- 
dio or other digital data in "202" modem 
format. Provides audio conditioning and 
handshakes. Kit only $38. 
COR.2 KIT With audio mixer, local 
speaker amplifier, tail &time-out timers. 
Only $38. 
COR.3 KITas above, but with "courtesy 
beep". Only $58. 
CWlD KITS 158 bits, easily field program- 
mable, clean audio. Kit only $68. 
A16 RFTIGHT BOX Deepdrawn alum. 
case with tight cover and noseams. 
7 x 8  x 2 inches. Designed especially for 
repeaters. $20. 
DTMF DECODERICONTROLLER KITS. 
Control 2separateonloff functions with 
touchtones", e.g., repeater and auto- 
patch. Use with main or aux. receiver or 
with Autopatch. Only $90 
AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control vla 
repeater receiver. Many other features. 
only $90. Requires DTMF Module. 
SIMPLEX AUTOPATCH. Use with your FM 
transceiver. System includes DTMF &Au- 
tapatch modules above and new Timing 
module to provide simplex autopatch and 
reverse autopatch. Complete patch sys- 
tem only $2001kit. Call orwritefordetails. 



tracking the 
hideous intermittent: 
part 1 - mechanical 
intermittents 
Repair problems are never fun, 
especially since they take us off the air 
more times than not. 

Probably the nastiest, meanest, and 
most contemptible of all repair prob- 
lems are the intermittents. These come 
and go, usually occurring when it's 
least convenient. They almost never 
occur when you're ready to trouble- 
shoot; you stand there, instrument 
probes in hand and brain engaged, 
only to find the darn set working prop- 
erly. You turn your back, set the 
probes down, and - zot! - the 
trouble reappears momentarily and 
then disappears again. 

Although I'm the first to admit that 
finding intermittents sometimes falls 
into the unholy realms of sorcery and 
witchcraft, certain things can be done 
to enhance the probability of success. 

There's no such thing as a univerdl 
procedure for locating intermittents 
because different kinds of equipment 
have somewhat different requirements. 
To keep things simple, we'll limit the 
scope of this discussion to trouble- 
shooting a high-frequency SSB trans- 
ceiver with receive problems. 

where to look 
One thing you can do is educate 

yourself about the kinds of parts and 
faults most likely to create intermittent 
symptoms. Very high on the list are 
switches and relays. Because these de- 

vices are mechanical, they're subject 
to wear and tear. You'll find dirty in- 
ternal electrical contacts, poor spring 
tension, and other faults causing inter- 
mittent symptoms. In many cases, a 
session with a pencil eraser on the con- 
tacts or a squirt of contact cleaner (for 
example, Bhe Stuff) will work won- 
ders. In other cases, however, only re- 
placement will solve the problem' 

Another potential sore spot is poten- 
tiometers. These components are vari- 
able resistors in which a shaft-operated 
wiper electrode rubs against 8 wire- 
wound or carbon resistance element. 
If either the element or electrical con- 
tact on the wiper gets diity, then 
operation can become intermittent. 
Unless the dirt has physically damaged 
the resistance element (as sometimes 
happens, especially on carbon ele- 
ments), a simple squirt of contact 
cleaner will solve the problem. Be 
especially aware of potentiometers 

T U B E  

that normally pass direct current (DC) 
through the wiper connection, I recall 
a 1963164 car radio model in which 
cost-cohscious engineers eliminated a 
coupling capacitor from the volume 
control and audio preamplifier circuit, 
thereby making the volume control re- 
sistance pdrt of the preamp transistor's 
bias network. Passing the DC bias 
through the control generated a mas- 
sive warranty problem for the manu- 
facturer as those volllme controls were 
chewed up by the truckload! 

The printed circuit board (PCB) is 
arlother common source bf intermit- 
tent problems. Two forms of the prob- 
lem are common: poor solder joints 
and damage, sometimes hidden, tc 
the board. Both types of fault arc 
especially aggravated in hot parts of 
the equipment: near power transistors, 
rectifiers, vacuum tubes, power resis 
tors (2 watts and above), larhps and sc 
fbrth. These areas sometimes can bc 
identified by discoloration of the PCB 
(We'll discuss PCB problems in z 
moment. 1 

In vacuum tube equipment, the tubt 
socket can produce intermittent prob 
lems. If the tube pins or the socke 
contact (fig. 1) lose tension, then ar 
intermittent connection results. Thest 
faults can be repaired in most cases 
If dirt is the problem, remove the tubt 
and gently clean its pins with a dimt 
store ink eraser, spray the pins with : 
clear contact cleaner, and reinsert the 
tube into the socket. Next, pull thc 
tube out of the socket and then rein 
sert it four or five times in a row. Thi! 
action will clean the socket. Wait a hat 

SPRING TENSION- 

CONTACT MAY 
BE D I R T ~  

November 1986 75 

- P I N  

V 

fig. 1. Dirty tube sockets create intermit- 
tent conditions. 



GLB ELECTRONICS 
presents 

THE FIRST CONTROLLER DESIGNED FOR 
PORTABLE AND SOLAR-POWERED STATIONS 

LOW 25 mA Current drain. 
Designed for portable or solar- 
powered stations. 

Miniature size-Lightweight 
Rugged all metal, shielded enclo- 
sure. 

On-board Lithium Battery RAM 
backup. 

On-board watchdog for reliability. 
Standard DB-25 Connectors. 
Output signal indicates "Con- 
nected" Status. 

Does not require squelched audio. 
Comes with 8K of RAM. 
Remote Command Mode for Unat- 
tended operation. 

Hardware command lockout for 
security. 

Commands ~ 0 m ~ a t i b l e  with our 
Model PKI. 

Retains all other features of the 
Model PK1. 

Extra 110 lines for special applica- 
tions. 

Power requirement: 
9 to 15 Volts DC @ 25 mA typical 

Dimensions: 
4.6 X 5.90 X 1.0 inches 

Total Weight: 
12 ozs. 

PKIL-Wired and Tested 
List- $239.95 
Amateur net- $209.95 

AVAILABLE OCTOBER 15. 1985 

Call or write GLB for 
options or Information. 



hour or so for the cleaner to dry, then 
turn the rig on to  evaluate the results. 
If the intermittent remains, re-tension 
the socket contacts with either a tiny 
screwdriver tip or other sharp-pointed 
tool. 

Components can be the source of 
some maddening intermittents. Unfor- 
tunately, some component problems 
tend to heal themselves the instant a 
probe is attached (especially semicon- 
ductors). Be especially wary of plastic 

Visual i n m - o n  involves examining 
every joint on the PCB with a 10X or 
so magnifying glass under adequate 
light. Examine the board two ways: 
first with the light shining on the 
soldered side, then with the light shin- 
ing through the PCB from the compo- 
nent side (fig. 3). In the latter case, 
subsurface cracks in the PCB material 
can break a joint or track. Even if the 
joint or track appears normal it should 
be reworked. 

packaged transistors, tubular (non- fig. 2A. RFllF transformers. Visual examination takes a certain 
mylar) capacitors, and resistors. These 
components account for a large por- 
l ion of the problems. 

Shielded IF and RF transformers 
(fig. 2A) are frequent sources of inter- 
mittent faults. The coil wire attaches 
to  the lugs on the base, and these 
sometimes break (see fig. 28). In 
some cases, a careful worker can 
repair these transformers; it's merely 
a matter of resoldering - you'd be 
surprised how many escape the fac- 
tory unsoldered! 

finding the intermittent 
The first step, crucial to  quick suc- 

cess, is observation. Define in your 
mind what the rig is doing wrong, 
what functions are affected, and 
whether it happens on both receive 
and transmit. Narrowing down the 
possibilities allows you to restrict your 
efforts to a certain few stages, once 
you determine which stages may or 
may not be affected. For example, if 
the problerp happens on SSB but not 
CW, or on receive but not on transmit, 
we can then infer that the problem is 
probably not in a stage that is common 
to both affected modes. Deciding 
which stages are likely candidates 
depends on understanding your trans- 
ceiver; do a block diagram analysis and 
read any circuit descriptions provided 
by the manufacturer. 

Some interrnittents occur under 
vibration, touching, or thumping. A 
certain number of such problems are 
due to bad switches and potentio- 
meters. A little light tapping with an in- 
sulated probe, a little jiggling, or visual 
inspection will often locate the source 
of the problem. 

fig. ZB. Another cause of intermlnency is 
traceable to broken coil ieadlbase LUG 
connections. 

o n s C n Y i R  

l l G H  l N T E N S l T I  

fig. 3. View the PCB with light shining 
through to find cracks. 

Most mechanical faults are due to 
either bad PCB joints or bad compon- 
ents mounted on the PCB. Unfortu- 
nately, many of these problms fail to 
yield to the tapping method because 
any vibration at all, anywhere on the 
board, will produce the fault. Two 
approaches helpful in this regard don't 
require formal troubleshooting: visual 
inspection and shotgun solder 
touch-up. 

amount of practice; one needs to  
develop a "small eye," that is, the abil- 
ity to  see defects where others would 
see a "normal" joint. 

I usually inspect PCBs with a bottle 
of fingernail polish or a grease pencil 
handy. Especially on large boards, 
each apparent anomaly is marked so 
that I can find it easily later on. This 
habit is especially useful when using a 
magnifier because the glass will distort 
your perception of space. 

Shotgun soldering is especially use- 
ful when the area of the intermittent 
is known, when the PCB is small, or 
when nothing else seems to work. I 
can recall another mobile radio receiver 
problem in which the VHF front-ends 
PCB had a high "bad joint" intermit- 
tent rate, but were difficult to  remove 
and replace. In that case, the more 
elegant "visual inspection" method 
was not cost effective, so we pulled 
the PCBs, soldered every joint, and 
tinned every track. Rarely did this 
method fail on that particular problem. 

At  this point let me digress a little 
bit to answer the purists who would 
criticize this approach. I admit that the 
elegant method is to find the single 
bad joint or broken track and repair 
only that. Unfortunately, this approach 
can be time-consuming and may even 
be impossible. While the purist "super- 
tech" is messing around trying to  
analyze which joint is bad, I'm going 
to  fix the rig! Commercially. the shot- 
gun approach is more profitable - and 
to  Amateurs i t  means getting back on 
the air sooner. 

Next month: Tracking down thermal 
intermittents. 

ham radio 
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When DISASTER Strikes 
YOU May be the Animals' Only Hope 

The World Society for the Protection of Animals 
(WSPA), a nonprofit organization with offices around 
the globe, takes action to help animals in crisis, 
responding in times of fire, flood, earthquake, volcanic 
eruption, oil spills, and civil unrest. 

'U 
To assure the quickest response to these disasters, 
WSPA needs the help of ham radio operators in the 
United States and aljroad who can relay critical infor- 
mation to and from international trouhle \pots. 

THIS H A M  OPERATES FOR ANIMALS! 
WSPA is the only organization officially recognized by 
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NAME 
ADDRESS 
PHONE 
CALL 
EQUIPMENT AVAILABLE 

f \ 
AMATEUR RADIO MAIL LISTS 

Self-sl~ck 1x3 labels 
*** NEWLY LICENSED HAMS *+* 

"*' ALL NEW UPGRADES *** 
+** UPDATED EACH WEEK *** 

Total Ltst = 462,728 (ZIP sorted) 
Price IS 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mlneral Vlr lnla 23117 

70!3:893-5777 / 13 

the United Nations as a consultant on animal disaster 
issue\. We urgently need you and your radio. To 
register as an animal-emergency operator, simply fi l l 
out the coupon and mail i t  to WSPA, Western 
Hemisphere Regional Office, 29 Rrkins St., POB 190, 
Boston. MA 02130. We'll be depentiing on you when 
animals are in jeopardy. 



Everything from Superman I11 
to Super Bowl XX. 

Movies. Sports. News. Entertainment specials. 
Music videos. 

Everything you always wanted to see on 
television but were afraid you'd never get. 

Over one hundred channels of spectacular 
entertainment. Of crystal clear reception. 
Throughout the house. 24 hours a day. 
With no monthly fees. No cable TV. 

Come see the entire line of Uniden 
Satellite Television Systems. It's legal. 
It's affordable. And it's a whole new 
world of television. Right in your own 
backyard. 

Satellite Television Systems 

2410 Ridge Road West 17 Industrial Street 
Rochester, New York 14626 Rochester, New York 14614 
71 6-225-6 130 71 6-454-3630 
1-800-824-501 4 1-800-824-501 4 
Sales Service 
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Thp ARRL 1986 Hnndbook forthe Radio Amateurtakesover where the 1985 Edition left 
off. Each of the 40 chapters has had some revision, and there are more than 500 new or 
revised figures. The new edition will contain 1184 pages- way up from lastyear'scountof 
1024. Many key chapters with "hot'' topics among today's radio amateurs have been 
completely revised and rewritten. In fact the new material represents 532 text pages. 

An understanding of digital electronics is a must these days since such circuitry has so 
many practical applications in station control, frequency synthesis, telemetry, word pro- 
cessing and other information-handling systems. The Digital Basics chapter will help you 
to understand what is going on in everything from simple keyers to sophisticated micro- 
computers. Packet-radio enthusiasts will find the most up-to-date information available in 
the Digital Communications chapter. There are new sections on data interfacing and 
modems, 50 new and revised figures, plus an expanded bibliography and glossary. 

The Special Modulation Techniques chapter has the latest on spread-spectrum. On the 
fun side, we've added a new section on remote control of model aircraft and vehicles. 

On the practical side, you will find many of the 27 new projects described in October 
&ST. There are new power amplifiers for 1.8.50, 144 and 1296 MHz, plus preamplifiers 
and transverters for the VHF/UHF enthusiast. The new digital PEP Wattmeter - SWR 
Calculator will be one of the most popular projects. 

We've only scratched the surface in describing what is the standard manual of RF 
communication. Over 5.7 million copies of Th* Handbook have been published in 63 editions 
since 1926. The new edition is must reading for today's radio amateur! 

The 1986 Hnndbook will be available in November. Paperbound pricesare $18.00 in 
the U.S., $19.00 in Canada and elsewhere. Cloth prices are $27.00 in the U.S. and 
$29.00 elsewhere. Prices in U.S. funds. Foreign remittance should be in the form of an 
international money order or a check drawn on a bank account in the U.S. 

. 



The new ICOM IC-735 is what 
you've been asking for ... the most com- 
pact and advanced full-featured HF 
transceiver with general coverage receiver 
on the market. Measuring only 3.7 inches 
high by 9.5 inches wide by9 inches deep. 
the IC-735 is well suited for mobile. 
marine or base station operation. 

(;I 4 n p r ; ~ r  
w w' 4 -3 

.P 

"mw - - g - m ? q ~ ~  
It's a high performer on all the ham 

bands, and as a general coverage r e  
cerver, the IC-735 IS exceptronal The 
lC-735 has a built-in recerver attenuator, 
preamp and nolse blanker t o  enhance 
recelver performance. PLUS ~t has a 
105dB dynam~c range and a new l o w  
nose phase locked loop for extremely 
quiet rock-sol~d reception 

P2.n q' 
The large LCD readout and con- 

ven~ently located controls enable easy 
operation, even in the mobrle ernnronrnen 
Controls whlch requtre rare aqustrner 
are placed behlnd a hatch cover on th 
front panel of the rad~o VOX control 
mlc galn and other seldom used control 
are kept out of s~ght, but are ~mmed~atel 
access1 ble. 

Yare 3f?,nC~,~rC' 
r ~ 2 c u r p ~  Ld -, . 

Dollar-for-dollar the IC-735 includes 
more standard features ... FM built-~n. an 
HM-12 scannlng mlc, FM, CW, LSB. USE. 
AM transmlt and recelve, 12 tunable 
memories and lithium memory backup, 
program scan. memory scan, switchable Optlons. A new line of accessories See the IC-735 at your authorized 
AGC, automatic SSB selection by band, is mailable, including the AT-150 elec- ICOM dealer. For superior performance 
RF speech processor, 12V operation, tronic, automatic antenna tuner and the and innovative features at the right price 
continuously adjustable output power switching PS-55 power supply. The look at the ultra compact IC-735. 
up  to 100 watts, 100% duty cycle and a IC-735 is also compatible with most of 
deep tunable notch. ICOM's existing line of HF accessories. 

First in Communications 
/ 142 

ICOM America. Inc.. 2380-116th Aw NE. Bellewe. WA 98004 / 3331 Towerwood Drw, Suite 307. Dallar, TX 7523' 
All stated lprcltVrtDm are lpprn#lmtr ami Iubjm to change untlaul mtKr or Wtqlran Nl ICOM r.wlo, Vgnllirnlly rxrewl FCC R(llol.alan% llrnl#nq y u r o u r  rmlrPom 73548 



Message 
Master" 
~eal-voice message system 

For any repeater or base 

Now you can communicate vital information even when Create messages just by talking. Message Master's 
the station you are calling is not on the air - with 'real-voice' technique saves YOUR VOICE in dlgltai 
Message Master. Message Master is a solid state voice memory to deliver messages In your own volce, lan- 
recording system which can record messages just by . guage and dlelec. 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to Mallbox-style operatlon gives indlvldual message 
deliver your messages let Message Master deliver them delivery senice to 100 system users. 
for you - any messages in any languageand in your own 
voice! Easily added to any repeater or base statlon for re- 

mote operation with only four connections. 
Message Master connects easily to any radio system for 
remote access: repeaters, basestations, even transceiv- Special features include callslgn identlficatfons, tail 
ers. It can even be connected to an autopatch device to messages, and bulletin messages. 
exchange messages between your radio system and the 
telephone network. Digltal message storage provldes instant playback of 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets Your exact needs from 2 to 8 
With 8 minutes of message storage it can store mlnutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would you like your callsign identifications. Serving all your needs 
tail messages, and bulletin messages sent in 
real-voice? Message Master can send them - Mark 4 Repeaters and Repeater C~n t r~ l l e rS  are THE PER- 
too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 
and it will even send adifferent IDeach time. more synthesized voice and more features. 
Almost like Message Master - Mark 3 Repeaters offer the winning combination of high per- 
when to send identifications and tail mes- formance and high value. 
sages so it needs no special control signals 
from your base or repeater. - LR- 1 Repeaters boast superb RF circuitry at an economical 

mice. . 
Call or write for further information before 
you make another wasted call. - MR-4 Receivers with 7 helical resonators are the only receivers 

to choose in harsh RF environments. 

users: Ask a On - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. 

" - .* 
COMING SOON: A 4-channel re- 
ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 

MICRO 
KENDECOM INC. 
CONTROL SPECIA 

23 Elm Park 
,LTIES Groveland. MA 01834 



digital frequency readout 
using the Commodore 64 

by 16 prescaler 
designed for the Argosy I 

can be adapted 
to other transceivers 

Although digital frequency readout is clearly a 
major advance in Amateur transceiver technology, 
many excellent rigs that offer most of the other ad- 
vantages typical of state-of-the-art gear don't have 
digital readout. Yet it seems ridiculous to replace a 
good piece of equipment because of this one short- 
coming. If you have such a rig, you might want to 
consider adding a digital frequency display as an 
accessory. 

This can be done through the purchase or construc- 
tion of a frequency counter, but such gadgets tie up 
both station space and dollars, and without special 
hookups can display only transmitted frequencies. 
Furthermore, when the station already contains a 
computer and monitor, it seems redundant to add yet 
another display with its associated batch of 
electronics. 

I was doing a good job of break-in CW with a Ten- 
Tec Argosy and a Commodore 64 serving as a CW 
keyboard. With conditions becoming more and more 
difficult as the sunspot number fell, the need for sharp 
filters and "on-the-nose" schedules became too acute 
to be ignored, and the analog dial of the Argosy fell 
short of what was needed. Accordingly, I decided to 
make the computer display the required information. 

Fortunately, the C64 contains an array of hardware 
timers that operate independently off the central pro- 
cessor and can be accessed through the user port. It 

also contains a stable frequency reference in the form 
of the machine clock. The timers perform the com- 
parison of unknown and reference frequencies. The 
mathematics necessary to display the operating fre- 
quency, formulated in BASIC, run in real time in order 
to provide a continuous readout. The system is easy 
to implement and debug, performs beautifully, and is 
readily adaptable to other popular transceivers. 

timer 
The timers are part of two 6526 Complex Interface 

Adapter (CIA) integrated circuits contained in the 
machine. One of the two ICs is dedicated primarily to 
the keyboard interface, but its timers are partly acces- 
sible through the user port. The second CIA is dedi- 
cated to the user port and the serial interface, and its 
functions are fully accessible. 

The timers are 16-stage binary counters that can be 
preset to any count between 1 and 65,535. They count 
down from the preset value and deliver an output 
when the count passes zero. Thus, they can divide 
an input frequency by any integral number within their 
range. Furthermore, they can be cascaded by appro- 
priate instructions to form a longer counter chain. 

The signal counted can be either an external input 
or the machine clock. The latter runs at 1.Q22727 MHz 
and is derived from a master crystal oscillator that also 
generates the color subcarrier in a TV. 

The counting rate is limited to about 500 kHz by the 
internal mechanics of the interface chip. It is there- 
fore necessary to bring the frequency to be measured 
down into the range below 500 kHz. However, an 
aliasing effect permits moderate extension of the limit 
with appropriate modification of the programmed 
mathematics. 

By Clifford J. Bader, W3NNL, 1209 Gateway 
Lane, West Chester, Pennsylvania 19380 
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I E X T E R N A L  PRESCALER I I N T E R N A L  TO C 6 4  (SOFTWARE CONFlGUREDl 

I I 
I 
I 
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- 
RESET  

I 
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916 BINARY , {-}+-I COUNTER p l N 4 1  {-l= T I M E R  B  
) ) 2 - 8  TO PROCESSOR B I T  B Y T E S  

I I PRESET 6 5 , 5 3 5  

I 
I I 

5 M H z  
F R O M  P T O  

fig. 1. Readout system. 
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USER PORT 

design considerations 

A key requirement for digital frequency readout is 
precise gating of the counter that records the fre- 
quency to be measured. This would be difficult to do 
if the gating were done through software, since the 
machine cycle times for executing BASIC instructions 
are a significant fraction of the counting period re- 
quired. Fortunately, the designers of the CIA arranged 
for direct access of the timer output through the user 
port, without intervention by the computer's pro- 
cessor; thus, one timer can be used to precisely gate 
another by the addition of simple external circuitry, 
and the result can be examined by the computer at 
its leisure. 

In general, neither the transmitted nor the received 
frequencies are present as a steady-state signal (except 
in the case of a direct-conversion system), so an in- 
direct method of determining the frequency must be 
used. Since most modern gear uses a master oscillator 
covering a fixed range, in conjunction with crystal-con- 
trolled heterodyning oscillators for the various bands, 
it is generally satisfactory to measure the master oscil- 
lator frequency and to apply appropriate corrections 
to the display. The stability of the heterodyning system 
is usually good enough to make the correction a con- 

stant factor, and no significant error results from 
warm-up or temperature changes. 

My Argosy oscillator operates in the 5-MHz region, 
as do the oscillators in many other transceivers. To 
get the frequency below the 500-kHz limit, the fre- 
quency to be measured must be reduced by a factor 
of better than 10. Translation through a mixer could 
be used, giving an output of 0 to 500 kHz as the oscil- 
lator covers 5 to 5.5 MHz, but an additional crystal 
oscillator would be needed and the mixer output cir- 
cuit would have to be broadbanded over the range 
from DC to 500 kHz. 

It's easier to use a frequency divider in the form of 
a simple integrated-circuit counter. For example, a 
four-stage binary counter divides by 16, giving an out- 
put frequency range of 312.5 kHz to 343.75 kHz as the 
input varies from 5 MHz to 5.5 MHz. 

An obvious disadvantage of the divider is the loss 
of precision associated with the compressed frequency 
range. The precision can be regained, however, by 
lengthening the counting interval by an equivalent fac- 
tor. Normally, achieving 100-Hz resolution - which 
is typical of most digital readout transceivers - would 
require counting for 0.01 second; with the divide-by-16 
prescaler, the time must be lengthened to 0.16 second 

' or more. Fortunately, a repetition rate of two or three 
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times per second is fast enough for a useful real-time 
readout, so the divider scheme is practical. It is easy 
to implement, requiring only the binary counter and 
a transistor buffer-driver to amplify the small amount 
of RF taken from the 5-MHz transceiver oscillator. 
Power can be taken from the computer's user port. 

The computer program for performing the readout 
and display handles a number of functions. First, it 
arranges the timers for the task at hand. Then it starts 
the count cycle running and monitors for completion 
of the cycle. Next it obtains the resultant count and 
performs the mathematics necessary to deduce the 
oscillator frequency from the count. It applies the 
appropriate corrections for the band and mode in use, 
as input by the operator. Finally, it displays the resul- 
tant figure on the screen, and initiates a new cycle. 
Despite all this activity, the program is a short one, 
requiring fewer than 50 lines of typing and only a few 
seconds to load from tape or disk. 

system implementation 
The readout system is shown in fig. 1. Timer A of 

the user port divides the machine clock frequency by 
65,536. When its count passes zero a pulse is delivered 
to user port timer B. The latter is preset to a count 
of 2; when it also indicates an underflow (at a clock 
count of 65,536 x 3 = 196,6081, line PB7 (Pin L) of 
the user port switches from plus 5 volts to zero volts. 
This voltage transition gates off the external counter. 

The counting interval is 196,608/1,022,727 = 
0.192239 second. 

Counter B of the keyboard interface CIA counts the 
input pulses delivered from the external divide-by-16 
prescaler through Pin 4 of the user port. It is preset 
to 65,535 at the start of each cycle and counts down 
until the external signal is gated off. 

The schematic of the external prescaler is shown 
in fig. 2. The binary counter is a TTL 74197, which 
is capable of 70-MHz operation. There are numerous 
other possible choices, including some CMOS varie- 
ties; however, with the latter it may be necessary to 
run the prescaler at a higher voltage than 5 volts to 
achieve the 5 MHz counting speed. This would in turn 
lead to power supply and interfacing complications. 

A cursory glance at the transistor buffer circuit sug- 
gests that it violates all the rules of stable biasing for 
amplifiers. So it does, but the objective is not linear 
reproduction of the signal, but rather the development 
of a square wave drive from a hundred millivolts or 
so of sinusoidal signal. Thus, it is permissible to 
operate the stages at a small degree of either satura- 
tion or cutoff. The resistor values shown keep the 
2N2222s in such a state. 

The coupling to the transceiver is through a simple 
capacitive pickoff and a 3-foot (0.9 meter) shielded 
cable to the prescaler. The loss in signal caused by 
the voltage-divider effect of the cable capacitance is 
made up by the two-stage amplifier in the prescaler. 

P R E d M P  +5 V  
-I 

P I N  2  

2 N 2 2 2 2  2 N Z 2 2 2  
FROM 

0=-3 
3 9  

\ 
4 7 k  $ 4 7 h  

IN 

T R A N S C E I V E R  I 
I 
I , 1 1 PO7  P I N  L 

I 

Except as ~ndicatsd, decimal 
I ~ I Y ~ E  of capac~tence are ~n mlcro 
farads luFL others are in prcofar. 
ads (pF); rss~r tancsr  are in ohms. 
k = I.OOO M  = 1.OOO.OW 

7 4 1 9 7  

P IN  4 
COUNTER 

0 . 0 0 1  

fig. 2. Prescaler schematic. Bias resistor values are chosen for a small amount of saturation or cutoff. Stage delivers square 
wave drive from about a hundered millivolts of sinusoidal signal. 

-- - - - - - - - 
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The advantage of this approach is that it requires no 
active hardware inside the transceiver and produces 
no large-amplitude square waves near the transceiver's 
receiver circuitry. 

In my Argosy, the 39 pF capacitor is connected to 
the output (rearmost) terminal of the PTO assembly 
and a shielded cable is run from there to one of the 
spare RCA jacks on the rear panel. Many transceivers 
have the VFO signal already available on the back 
panel and require no internal modification. In general, 
the pickoff point should be at the output of the VFO 
buffer, and the rig should be checked after connection 
of the prescaler to make sure that there is no loss of 
output. 

The prescaler is located close to the user port and 
enc10s'ed in a small aluminum box (fig. 3) to prevent fig. 3. Prsacaler is enclosed in a small aluminum box to pro- 

vent harmonic radiation. 
radiation of harmonics of the scaled-down frequency 
every few hundred kilohertz throughout the spectrum. 
Such radiation is also suppressed by the O.OO1-rtF 
capacitor from the prescaler output to ground, which either added or subtracted; these corrections take care 
slows down the edges of the square wave going into of crystal-tolerance errors in the heterodyne frequen- 
the port. cies, deliberately introduced offsets such as those used 

At W3NNL, the prescaler shares the user port with in the Argosy to avoid birdies, and shifts in the re- 
an MFJ-1228 CWIRTTY interface, and is piggybacked ceived and transmitted frequencies dependent on the 
on the latter (fig. 4). There is only one port line (Pin mode of operation selected (CW or either sideband). 
L) in conflict, and a switch is provided to transfer it The correction consists of a term K representing the 
from frequency readout to the MFJ. I have also com- conversion-oscillator related effects, a factor D repre- 
b i n d  a CW keyboard program (not shown) with the 
frequency readout. 

In the absence of such a piggyback scheme, it will 
be necessary to procure a connector with the required 
0.156-inch (4-mm) contact spacing. These seem to 
turn up at hamfests only in much longer sizes than the 
24-pin variety needed for the user port; however, the 
excess length is easily removed with a hacksaw. 

computer program 
The BASIC program shown in fig. 5 can be followed 

sentipg the offset between CW and normal sideband 
operation, and a multiple of D which is the shift in- 
curred when the reverse sideband is selected. Of 
course, if only one mode is to be used, D may be 
omitted from the selection statements and from the 
frequency equation of line 400, and the mode select 
routines of lines 130-160 and 270-280 can be omitted. 
The value of K can be determined for the mode of 
interest. 

Several tasks are associated with formatting and dis- 
play. The screen is cleared and the "FREQ=" leader 

using the memdG map presented in the C64 Pro- is printed, followed by the frequency, a wide space, 
grammer's Reference Guide. Lines 110 through 290 and the mode entered. To avoid a string of meaning- 
are concerned with acquiring the operator-specified less extra digits after the decimal point, the computed 
band and mode, and defining the pre-established cor- frequency is rounded off to the nearest 0.1 kHz. To 
rection factors. The section from line 300 through 420 eliminate the visually unpleasant sensation produced 
sets up the timers, runs the count cycle, and calculates by the C64's dutiful suppression of the decimal point 
the frequency. The remainder of the program is de- and following zero on integral kilohertz readings, some 
voted to formatting and displaying the output and jockeying is performed to tack the point and zero back 
starting a new cycle. on. Finally, compensation is made for the leading-zero 

 he timer interface uses POKE and PEEK statements suppression, which occurs when tuning from above 
directed to the appropriate addresses. The count ip 10 MHz, to below 10 MHz, and which would other- 
timer B of the keyboard CIA is picked off in two eight- wise shift the display left and expose a spurious right- 
bit bytes, and the number of pulses is calculated and hand digit. 
multiplied by a factor which yields the original input The above action is repeated every few hundred mil- 
frequency to the prescaler. The low-edge oscillator fre- liseconds, except that the screen is left uncleared after 
quency is subtracted from the input frequency, and the first cycle. clearing produces flicker and is unnec- 
the lower edge of the band in use is added. Finally, essary unless the format changes. 
corrections unique to the individual transceiver are For the display to work properly, it is imperative that 
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fig. 4. Prescaler mounted on MFJ interface. 

the display portion of the program be typed exactly as 
specified, including all embedded punctuation marks, 

correction factor determinations 
When the program is first typed, lines 180 through 

280 should be omitted. The missing lines may be 
entered after determining the K and D factors as 
described below. 

If the correct nominal low-edge oscillator frequency 
has been entered on line 290, the indicated frequency 
will be somewhere within 10 kilohertz or so of the true 
value when the program is run and'WWV, CHU, or 
the crystal calibrator is tuned in. Before starting the 
correction factor procedure, the calibrator should be 
checked to make sure it is accurately tuned to  the 
standard-frequency station. 

To determine K for a given band, only one measure- 
ment is necessary. With the rig set in the normal side- 
band position for the band in use, the crystal calibrator 
should be tuned to zero beat. The frequency indicated 
by the display should be noted and subtracted from 
the actual frequency of the calibrator harmonic. The 
result is the value of K. This operation should be 
repeated for each band or bandswitch segment and 
the numbers recorded for entry into the program (don't 
forget the minus signs where applicable). 

Next, the transceiver should be set for CW and the 
calibrator harmonic tuned for the proper CW pitch 
rather than for zero beat. The direction and magnitude 
of the change in indicated frequency should be noted. 
The change will normally be about 0.8 kHz. An accu- 
rate value can readily be determined if the rig has a 
sharp audio or crystal filter. If a separate receiver is 
available, a still more accurate measurement can be 
made by noting the display reading when the trans- 
ceiver is placed in the transmit mode and zeroed in 
the external receiver with a known reference. The RIT 
or OFFSET control should be set to zero for this 
measurement. 

The value of D obtained is positive if the indicated 
frequency decreases as compared to the zero beat set- 
ting, and negative if it increases. By way of example, 
in the program (fig. 5) at 10 MHz the indicated fre- 
quency with WWV at zero beat in the SSBN (normal 
sideband) mode was 10010.8 kHz, leading to a K of 
minus 10.8. With the WWV carrier peaked in the audio 
filter, the indicated frequency increased another 800 
Hz to 10011.6 kHz, yielding -0.8 for D. The numerical 
value of D holds for all bands, but the sign changes 
as the rig implements CW on different sides of zero 
beat. 

Finally, the opposite sideband should be selected 
and the zero-beat procedure followed. The correction 
determined should be divided by D to give the multi- 
plier used in l ine 280. Again with reference to fig. 5, 
my display read 10014.2 in the reverse (USB) mode. 
or 3.4 kHz higher than SSBN. This is 4.25 times as 
large as the CW correction and in the same direction, 
so the multiplier in l ine 280 becomes 4.25. 

operation 
The program asks for entries of the band in MHz 

and the mode (0 for CW, 1 for normal SSB, and 2 for 
reverse SSB). It then displays the frequency to the 
nearest 0.1 kHz and the mode in use. A flickering of 
the display between two adjacent tenths digits indi- 
cates that the frequency is approximately halfway be- 
tween the two values. 

The readout follows the incremental tuning on re- 
ceive and shows the transmitted frequency when the 
key is pressed or the mike activated. If there is con- 
siderable RF in the station the readout may be erratic 
on transmit, but will work if the drive is decreased to 
reduce the spurious RF. 

To change the band and/or mode in use, press the 
f l  key. This restores the prompts and starts the pro- 
cess again. 

adaptation to other transceivers 
As described, the program and hardware should 

work with the Ten-Tec Omni as well as the Argosy. 
However, a number of other transceivers use upper/ 
lower sideband selection rather than normal/reverse 
for the band in use. In general, its merely necessary 
to  change the format, substituting LSB and USB for 
SSBN and SSBR. Proper choice of correction factor 
values and algebraic signs will then produce equivalent 
performance. 

Of more concern is the VFO frequency and its re- 
lationship to output frequency. Both the Kenwood 
TS520S and the Yaesu FTlO1 E use backward-tuning 
VFOs' that is, the low-band edge corresponds to max- 
imum VFO frequency. This requires modification of 
the frequency equation of l ine 420 to read: 
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drlvebelts pulleys 3-IZVDC 

decks, would cost several rimes 

TRANSISTOR our selhng prlce if purchased 
separately Bull0 your own audio 
or data recorder or use for soare 

)no t a r  sA.nil 
parts 5 1 4  X 3'2 X 3 ' 8  
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110 REM DIOITRL FREOUENCV RERDOUT BI' U3NNL 3/85 
120 PRINT ZHPS(1471 
110 INPIJT "ZPNO UHZ". B 1NPUT"MJDE (Q'CW 1555BN1 ZISSBR)". M 
140 I F  P I l O  THEli flS."CU" 
IS0  I F  pl-l THEN ns-"S98N" 
168 IF 17.2 THEN ns-"ss8R- 
170 PEN I RNV D FRCTriRS ELUU RP4Y TO WRlNL RROOSV ONLY 
188 I F  8-3.5 THEN K--.I  Dm-.@ 
130 I F  0.7 THEN Km-.. Dm-.# 
200 I F  B-10 THEtl K--10.0 Dm-.8 
i l a  I F  8.14 THEN U--.4 D m . 8  
;ia I F  I - 2 1  THEN U=-18.4 b . 8  
_.,U I F  8-28 THEN Us-11.3 Dm.0 
;4n I F  B=;?.5 THEN Kc-1l.S Dm.8 
. j i?  I F  8-&9 TWEtI 11-11.5 D..P 
258 I F  8-2S.s THEN K3-11.7 Dm.8 
-'a I F  PI-: THE14 11-8 
zrlr IF t i = >  lnElr D=4.2:*U 
r?O E.7Blle WEll RRl,U5V PTO FREB UYZ NT LOU PHNDEUGE 
;I)" FRlNl  CWRS!14i, 
3:R POKE76509.0 
?dB POKE56390.1 
330 P O K E ~ S ~ ~ ~ . Z . P O C E S ~ ~ B ~ ~ W  POYE56591.15 
34,- PCt.E5E:+l, 71 
:-J T L I C I ?  i 7 . 2 5 7  P'INES6325,21r 
15P IF PEEY ~565?7)>I27TYEl< 3CW 
1:11 H-PEEIOE327, L=PEEK(M3c5) 
180 POlt55331.16 
398 POVE?6333.33 
4VU 11=215.I25Li-nIr27Y-L 
L I B  I F  : 1 7 C 9  THE!( b8rN*C5535 
428 F=.BP:iZ975ltl-E'I000IBBIIP 
450 PPlNl '.+*S'191 PPIII1"kREQ .", 
14U F-10.F 
450 I F  F-lNTIF><.Y THEN 470 
450 F.F*I 
470 F-INT(F)/ lB 
400 I F  F<10900 HNU F>'3008 THEN 560 
eSL1 I F  F-I.IT<F)<>8lHEIl 528 
308 PRINTF, PPINT tUWS!l77). 
518  PR~NT-.B",.PPINT ns GOTD 538 
520 PRlNTF, PRINT flS 
530 OET CS 1F CS.CHCS(133) THEN I 2 0  
548 I F  PEEK'MJ77)<128 THEN54B 
550 GOT0368 
360 PRlNl  5HRS(29>, 
5-0 GOT0 490 

RERDY. 

fig. 5. C-64 program for digital frequency readout. 

420 F=E-.08322975*N+lOOO*B+K+D 
The TS520 VFO tunes from 5.5 to 4.9 MHz, so the 

value of E in line 290 becomes 5500. The FT101 VFO 
tunes from 9.2 to 8.7 MHz, so E for this rig is 9200. 

Since 9200/16=575, the FT101 pushes the com- 
puter past its upper frequency limit. This is where the 
previously mentioned aliasing effect comes to the 
rescue: the increasing rate at which pulses are missed 
causes the timer to slow down in exact proportion to 
the frequeqcy excess. It turns out that correct results 
are obtained if the count is subtracted from 2 x 
65536 = 131,072. Thus, line 410 should be changed 
to read: 410 N = 131072-N 

Rigs that have provision for 160 meters require the 
insertion of a correction-factor line for that band in the 
block between lines 170 and 270. For the TS520, B 
should equal 1.8, and for the FT101, B should equal 
1.5. Line 200 may of course be omitted for rigs which 
do not have a 10-MHz band. 

Both the TS520 and FT101 have external access to 
the VFO. The TS520 VFO buffer is available through 
a 2:l resistive divider at the VFO phone plug connec- 
tor, and through direct connection at Pin 1 of the EXT 
VFO socket. The former connection is preferable if 
enough signal is obtained to drive the prescaler. The 
FTlO1 VFO is available at Pins 6 or 7 of the EXT VFO 
socket. 

The program in fig. 5 will accommodate oscillator 
frequencies from about 2.7 to 8 MHz. Frequencies be- 
low 2.7 MHz can be handled if line 410 is omitted. 

final comments 
The most likely causes for failure of the system to 

operate are typing errors in the program or a problem 
in the prescaler. If the latter is running, it should be 
possible to hear harmonics at multiples of the divided- 
down frequency if the receiver antenna is brought near 
the circuit board. An analog DC voltmeter will read 
about 2.5 volts when connected to Pin 12 of the 74197. 
Some experimentation with preamplifier base resistor 
and input coupling capacitor values may be necessary 
if the VFO output is very low. 

One very quickly becomes addicted to the circuit, 
to the extent that the rig is never on unless the com- 
puter is first fired up. It is satisfying to be able to set 
the display to 14000 kHz on a seemingly dead 20- 
meter band and have one of the beacon stations pop 
out right in the center of the audio passband. 

acknowledgements 
Thanks are due to Earle Lewis, W K X ,  Fritz Hauff, 

W3NZ, and Dick Briner, WB3GVU, for furnishing the 
Kenwood and Yaesu manuals. The photographs were 
taken by my son-in-law, Herb Hoppe, Jr. 
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SATELLITE TELEVISION RECEIVER 
SEMlKlT 

* =- b , 
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w~th dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 
AFC, SAW filter 
RF or video output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $300.00 
Completed downconverter add 100.00 
Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~ckel. San Pablo. CA 94806 , 149 Tel 415-724-0587 



last-minute forecast 
The first and second weeks of 

November are expected to favor the 
higher HF bands, 10 through 30 
meters. The solar flux is expected to 
be higher at this time of the month and 

DX result in higher MUFs. If the geomag- 
netic field is also disturbed at this time 
then transequatorial propagation on 

FOR ECASTE R southern paths shou~d also be ex- 
pected. More hours of darkness, less 

winter DX season 
November through February 

constitutes the winter DX season. 
Because the D and E regions of the 
ionosphere receive less energy from 
the sun in the northern hemisphere 
during this time, less ionization occurs. 
Therefore, the daytime attenuation of 
radio signals is lower in winter than 
during the rest of the year. 

Attenuation is a result of signal 
energy being absorbed by ions in the 
D region (35-50 miles or 60-80 km) 
above the earth. The amount of ab- 
sorption is related to the zenith angle* 
to the sun from the points where your 
path crosses this D region. And on any 
propagation path, absorption increases 
with the number of transits of the D 
region and varies inversely with fre- 
quency. So in working DX, it pays to 
use the higher frequency bands to ob- 
tain more distance per hop (resulting 
in fewer transits) and less signal loss. 

This is why we generally think of 6, 
10, or 15 meters for DXing. But in 
winter, particularly near sunspot mini- 
um, we have the opportunity to work 
DX on the lower frequency bands with 
lower signal loss, day or night, than at 
any other time of the year. But you 
can't ahways count on it; signals travel- 
ing a high latitude path may be poor 
for several days at a time. This is 
known as the winter anomaly.' 

Along with the lower signal attenua- 
tion, the QRN decreases as fewer local 
thunderstorms pass through your area 
and the large thunderstorm areas near 

Garth Stonehocker, K0RYW 

the equator move further south, re- 
quiring more than one hop to get to 
us. This decreases the noise some 6-8 
dB, which is particularly noticeable on 
the 160, 80, and @meter bands. 

Even though ion production in the 
D, E, and lower F regions is lower, ions 
are better able to diffuse and drift up- 
ward along the geomagnetic field lines 
into the F region. This layer is the 
major factor in defining the maximum 
usable frequency. In winter this max- 
imum usable frequency rises rapidly as 
the sun rises eaclh day, peaking just 
after noontime, then diminishing dur- 
ing the afternolon, evening, and 
through the night to a low value just 
before dawn the next day. The excep- 
tion to this situation is for locations 
nearer to the equator, where the ion- 
ization continues tlo drift and diffuse up 
during the afternoon and evening to 
become the transequatorial maximums 
described in my October, 1983 col- 
umn.* The maximum usable frequency 
peak reached each day and the depth 
of the predawn miinimum frequency of 
the next morning are related to the 
solar flux of the day. The higher the 
flux that day, the higher the frequency 
peak and the lower the dip the next 
morning. 

Another advantage during the winter 
season is that the geomagnetic field is 
least disturbed during November and 
December. This manifests as least vari- 
ation of the magnitude and direction 
of the geomagnetic field lines in an 
hour's time. This translates into fewer 
periods of QSB during these months. 

QRN, and stable signal conditions give 
an edge to the lower bands for east- 
west and northern DX contacts this 
tirne of year. The lower HF bands are 
expected to be best the last two weeks 
of the month. You can update this 
forecast daily by listening to the time 
arid frequency radio station, WWV, on 
2.5, 5, 10, 15, and 20 MHz at 18 min- 
utes after each hour. When the solar 
flux, as announced, is below 75 and 
the geomagnetic A is less than 15 or 
K is less than 4 the lower bands should 
be best. If the geophysical indices are 
higher, consider using the higher HF 
bands instead. 

The Taurids meteor showers will 
occur from October 26 to November 
22, with a maximum count of ten per 
hour from the 3rd through the 10th of 
November. Lunar perigee is on the 
12th, and a full moon falls on the 27th. 
A total (totality of 1 minute 59 seconds 
duration) eclipse of the sun is calcu- 
lated to be visible on November 12th 
way down in the Antarctic regions. It 
starts south of Africa at 1209 UT and 
moves to the tip of South America, 
ending at 1612 UT. The bands open to 
Antarctica on the accompanying pro- 
pagation chart should lower to 40 
meters and then recover during the 
above time period on eclipse day. Try 
for a contact! 

band-by-band summary 
Ten, twelve, and fifteen meters, the 
day-only DX bands, will be open from 
morning to early evening almost every 
day, and to most areas of the world. 
The openings on the higher of these 

"The Zenith angle is the angle measured from directly 
above an observer to the sun (0 degrees when the sun 
is directly overhead, 90 degrees when the sun is at the 
horizon). 
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MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS 
THE M.E.C. 71n COMPUTER CONTROL INTERFACE THAT WILL 
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. 

MAIN MENU Control cenler lor 32 CH RADIO MEMORY Show- AUXILIARY MEMORY Show- 
enllre system. Showlng 24HR Ing lreq lo 10 Hz, mode, fllter Ing page 1 ol 47 pages each 
UTC Itme, radlo freq. 8 mode, wln Loadlchange any memory. h.~vlng 15 memorles. Freq. 
memory CH, freq, mode plus ID mode, ltller dlrecl lrom key- mode. UTC l ~ m e  and room lor 
funct~ons for your seleclton. board and prlnl command. your noles. Auto log feature 

allows Instant logglng o l  
rrcelver freq, mode, llme 

Easy to us8?. No computer knowl*ge HARD COPY via computer printer of all 
needed, automatic program loading. No channels, 
disk or tape required (except for aux . memoryloading, memory storage). 
Menu driven to aid user at each step. 
No radio modlficatlon necessary (ICOM Price to be announced - CALL. 
EX309 - no1 supplied - required). Available Fall 85. Dealer inquiries 
AUTO LOG Allows logging of radio freq, invited. 
mode and time by press of a key. EEB is  the exclusive distributor for 
UNLIMITED STORAGE via computer Microcomputer Electronics Corp.'s 
d~sk or tape(store 705 CH per disk side). product worldwide. Address all In- 
Let vour ~maa~nation run wild. ouiries lo EEB. - . . . - - - 

software update. As new software IS EEB Is an authorized ICOM dealer and 
a~veloped MEC will make 11 available to servtce center Buv with confidence. 
owner subscrtbers. 

I ORDER TOLL FREE 800-368-3270 1 
Pr~ces 8 specs subject to change Tech Info - VA orders 703-938-3350 
Shipping charges not included 
Returns sublect to 20% restock charge ELECTRONIC EQUIPMENT BANK 
Free catalog in USA; all others 3 IRC's 516 Mill Street NE 

I Vienna, VA 22180 USA I 

For over 17 years. Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely. 
pertinent information on when and where to find 
those elusive DX stations. 
Gus's personable, chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14.00 
USA. Canada B Mexico. 
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bands will be shorter, occur closer to 
local noon, and provide paths mainly 
to the southern hemisphere with a 
possibility of transequatorial openings. 

Twenty, thirty, and forty meters are 
both day and night bands. Twenty is 
the maximum usable band for DX in 
the northern directions these days 
during the daytime, then teams up 
with 30 meters to fill in through the 
night for the day-only bands. Forty 
meters becomes the main over-the- 
pole DX daytime band, with some 
hours covered by 30. This path may be 
affected by anomalous absorption dur- 
ing a few days of the month. 

Eighty and one-sixty meters, the night- 
only DX bands, will exhibit short-skip 
propagation during daylight hours, 
then lengthen for DX at dusk. These 
bands follow the darkness path, open- 
ing to the east just before your sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas during the hour or so before 
dawn. Eighty is the maximum usable 
band for some night hours now dur- 
ing sunspot minimum; consequently, 
signal strength and signal quality can 
be expected to improve. One-sixty 
may also be better. Remember the DX 
windows of 3790-3800, 18251830, and 
1850-1855 kHz. 

refeliences 
1. Garth Stonehocker. KBRYW. "DX Fwxaser," ham 
mdm. Decennber. 1984, page 63. 
2. Garth Stonehocker. KBRYW. "DX F o ~ B ( ; '  ham 
radio. October. 1983. page 92. 
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The "Flying Horse" 
has a great new look! 

It's the blggest change In Callbook history! 
Now there are 3 new Callbooks for 1986. 

The North Amerlcan Callbook llsts the 
amateurs in  all countrles In North Amerlca 
plus those In Hawall and the U.S. possessions. 

The lnternatlonal Csllbook llsts the calfs, 
names, and address lnformatlon for llcensed 
amateurs in  all countrles outside North 
Arnerla. Coverage Includes Europe, Asla, 
Afrlca, South America, and the Paclflc area 
(excluslve of Hawall and the U.S. Posser- 

The callbook Supplement Is a whole new 
Idea in Callbook updates. PUbllshed June 1. 
1986. this Supplement wll l  Include all the 
actlvlty for both the North Amerlcan and 
International Callbooks for the preceding 

Publlcatlon date for the 1986 Callbooks Is 
December 1. 1985. See your dealer or order 
now dlrectly from the publisher. 

oNorth ~merlfin ~ a ~ ~ b o o k  
Incl. shlpplng wlthln USA $25.00 
Incl. shipping to  forelgn countries 27.60 

o International Callbook 
1ncl.shlpPlng wlthln USA $24.00 
Incl. shlpplng to foreign countrles 26.60 

o callbook Supplement. published June 1st 
Incl. shlpplng wlthln USA $13.00 
Incl. shlpplng to  forelgn countrles 14.00 

SPECIAL OFFER 
o Both N.A. & lnternatlonal Callbooks 

Incl. shlpplng wlthln USA $45.00 
Incl. shlpplng to  foreign countrles 53.50 

. * * * * * . . . * . *  
llllnols residents please add 6C% sales tax. 
Al l  payments must be In U.S. funds. 

RADIO AMATEUR 

Dept. F 
&c :! Lake ! Bluff, br~: l L  60044. k., 11:~ USA 247 

Tel: (312) 2346600 
I 

A quarter-wave antenna is 
great for range. But it's too 
tall for most VHF handheld 
applications. So LarsenaU has 
cut the quarter-wave down 
to size, without taking any 
shortcuts in design or 
construction. 

The Larsen HQ (helical- 
quarter-wave) Kulduckien 
antenna stands just slightly 
taller than a helical type, but 
measures up to almost full 
quarter-wave performance. 
The helical design below 

gives it stability and keeps it 
short-nine to twelve inches. 
The flexible quarter-wave on 
top extends therange and 
allows i t  to bend 180." 

Larsen offers ten different 
VHF HQ series antennas in 
the 136 to 174 MHz range. 
to work with most popular 
handheld radios. So whether 
you're calling for help, or 
just shooting the breeze, you 
can be sure that Larsen 
Ktilduckie antennas will 
never run short on 
performance. 

See your favorite amateur dealer or write for a free amateur catalog. 
IN USA Larsen Elec*rtir~~cs lrlc IN CANADn Cdn.til#,!n Larc.r,r Elrr-:.orucc Lld 

11611NE 50ihAvo 149 WPSI 6th /we 
PO Box 1709 v,~,~~,,,vPI n c vsv 1 ~ 3  
Vanc~iver ,  WA 98668 604 R:: Hjl7 
206  5 7 3 2 7 1  

LARSEN" KOLROD* AND KULDUCKIE" ARE REGISTERED TRADEMARKS OF LAHStN tLtCIRONICS. INC 
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a scanner for 
CB to 10-meter conversions 

Diode matrix replaces 
40-position selector switch 

There have been many articles on CB-to-10 meter 
conversion projects over the last few years, one of 
which was an excellent article by MacFarquhar and 
Grant1 in which they described the steps necessary to 
convert a Citizens Band AM radio to an FM transceiver 
operating on 10 meters. In this article, we show how 
to replace their 40-position channel selector switch 
with some digital logic that adds the ability to scan 
up to 20 channels. In addition, we described a way to 
obtain a 100 kHz offset for repeater work without us- 
ing a second crystal. All the other features of Mac- 
Farquhar and Grant's original modification are 
preserved. 

If you already have a converted CB, enough infor- 
mation is provided here to build the scanner; if you're 
starting the project from scratch, the MacFarquhar and 
Grant article will be necessary." 

circuit description 
Since the CB was designed for mobile operation, 

the converted radio must use a mobile power source 
or operate from a 13.8 volt DC power supply. Power 
supplies are available commercially at surplus stores, 
and many excellent articles on building your own have 
been published. 

*Reprints are available from ham radio, Greenville, New Hampshire 03048, for 
$3.00 each. 

Rather than build a separate + 5 volt supply for the 
scanner, we borrowed a few mA from the + 5 volt 
supply in the CB. Low-power components were select- 
ed to minimize the load on the existing CB radio power 
supply. 

The scanner and control circuit requires only six in- 
tegrated circuits and can be built on a 3 x 3 inch (7.6 
x 7.6 cm) card. A diode encoder is used to program 

1 the operating frequencies. This gives the advantage 
I of being able to select any of ten frequencies and more 

importantly, gives one a choice of crystals (frequency) 
I to use. ' A schematic diagram of the scanner section is 

shown in fig. 1. U1 is a decade counter with a built-in 
binary to decimal decoder. The outputs feed the diode 
encoder and indicator LEDs. The input to U1 comes 
from oscillator U2 (in the scan mode) or flip-flop U3A 
(in the single step mode). The other half of U3 is used 
to offset the frequency by 10 kHz. The frequency of 
the original CB is controlled by a Phase Locked Loop 
integrated circuit, or PLL IC. The diode encoder con- 
verts the ten decimal outputs from U1 to four control 
inputs to the PLL. The four control inputs cause the 
PLL to change its output frequency and the receive1 
transmit frequency of the radio. U4A is used to moni- 
tor the squelch of the radio and stop the scan when 
a signal breaks the squelch. 

A type 555 oscillator (U2) is used to provide a scan 
step to the counter. The 7555 is a CMOS version of 
the 555 timer; its operation is identical except that the 
7555 draws much less current. Radio Shack carries a 
TLC-555 which is also low current. 

By Robert K. Baker, W2FMY, 263 Washington 
Avenue, Saugerties, New York 12477, and Gary 
Bischoff KB2GA, 1358 Charles Hommel Road, 
Saugerties, New York 12477 
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The oscillator is cut off by grounding pin 4 or 5. Pin 
5 is connected to S3, the SCAN/LOCK switch. Pin 4 is 
controlled by U4A, a comparator. When the radio re- 
ceives a signal that breaks the squelch, the voltage 
at Q120 collector goes up, forcing the output of U4A 
low, stopping the oscillator. The other half of U4 is 
used to drive a "busy" light for visual indication when 
a signal is present. 

The diodes at the input to the counter form an OR 
circuit so that inputs to either diode will step the 
counter. U3A is a debouncer for the STEP switch, 
which should be a push button or spring loaded tog- 
gle. U3A is used on an R-S flip-flop - even though 
it is a D-type device - by wiring the switch contacts 
directly into the Reset and Set inputs. 

If S2 is closed, the output of U3B will be held in 
RESET state, forcing a logic zero to PLL control pin 
PO. Frequency coverage will be ten "even" frequen- 
cies - 29.50,29.52 through 29.68 MHz. If S2 is open, 
U3B will be toggled by the end carry from the counter 
each time the counter counts ten pulses or wraps 
around. When the output of U3B is high, frequency 
coverage is shifted up 10 kHz to cover the "odd" fre- 
quencies of 29.51,29.53 through 29.69. The circuit will 
alternately scan the even then odd channels while S2 
is open. When the frequency is shifted up, the high 
level at U3 pin 9 turns Q l  I on, lighting the + 10 kHz 
LED. 

The ten outputs from the CD4017 counter drive 10 
LEDS in addition to feeding the encoder. 01  through 
Q10 (and Q11) can be almost any general purpose NPN 
small signal transistor such as a 2N2222 or 2N3904. 
The 4.7 kilohm base resistors were chosen to provide 
about 1 mA of base current, which allows practically 
any transistor to be used. Note that there is only one 
dropping resistor (1 K) used for the ten LEDs since only 
one LED is on at a time. The current for the LEDs 
comes from the 73.8 volt source. 

A diode encoder is used to convert from a decimal 
number to the digital data required by the CB PLL chip 
to select different frequencies. Figure 2 shows the en- 
coder used with our selected output frequencies and 
crystal frequency. 

Figure 3 shows a transmit offset circuit that can be 
added to obtain the - 100 kHz offset required for 
repeater access. Two boards were built using the crys- 
tal switching scheme described by MacFarquhar and 
Grant. They worked fine, but the price of the 10.795 
MHz crystal exceeded the price of the CB board. A 
simple circuit was therefore developed to make use 
of the existing counter U1 when working through a 
repeater. The circuit (fig. 3) consists of two cascaded 
timer circuits, where U5 is a one-shot enable for oscil- 
lator U6. When the microphone PTT switch is depress- 
ed, the voltage on the CB point 14 goes positive and 

is inverted by Q13. The resulting negative shift at the 
collector of Q13 is coupled via the 470 pF capacitor 
to a diode gate and to the input of U5. The negative 
spike at pin 2 triggers U5, allowing oscillator U6 to 
send five pulses to the CD4017 clock input via rhe 
diode, which becomes the third leg of the existing OR 
circuit. When the PTT switch is released, the negative 
going level change at CB point 14 is coupled through 
the 0.01 microfarad capacitor to the input of U5 and 
another string of five pulses ,is sent to the 4017 
counter. The circuit is disabled for simplex operation 
by grounding pin 4 of U5. 

The pulse rate of U6 is about 240 microseconds. It 
is enabled for about 1 millisecond by U5. The time that 
U5 enables U6 must be set carefully. When the entire 
scanner is operating, the pulse width of U5 can be 
trimmed by selecting the proper value for Rx. Use a 
potentiometer or a decade box and lower the value 
of Rx until four pulses are output from U6. The pulses 
can be counted by using the PTT switch and observ- 
ing the LEDs. Note the value at which the pulses 
change from five to four. Raise the value of Rx until 
six pulses are observed. Note this value and install a 
fixed resistor for Rx that is about halfway between 
these two values. If the 0.005 pF capacitor is accurate 
Rx should be around 150 kilohm. A mylar capacitor 
should be used in this circuit. 

frequency and crystal selection 
The following explanation is provided to explain fre- 

quency control and how to use an available crystal. 
The CB Phase Locked Loop (PLL) was designed to 
operate in the range of 2.24 to 2.68 MHz. Attempting 
to operate the PLL outside this design range may re- 
quire modification of the PLL lowpass filter.=e4 

The present ARRL 10-meter FM band plan covers 
the range of 29.50 to 29.70 MHz. The national calling 
frequency is 29.60 MHz (similar to 146.52 on 2 meters). 
Repeater outputs are on 29.62, 29.64, 29.66, and 
29.68, with their inputs 100 kHz lower on 29.52 
through 29.58. 29.50 is used as another simplex fre- 
quency. The CD4017 decade counter forms the heart 
of the scanner and gives us access to all ten frequen- 
cies. The ten additional frequencies are obtained by 
using a flip-flop to program the low order bit on the 
CB's PLL. The ten "odd" frequencies are presently 
all simplex frequencies. 

To see how a crystal is chosen, we start at the re- 
quired output frequency and work backward. If, for 
example, 29.6 MHz is the output frequency selected, 
the PLL VCO is mixed with a 10.695 MHz crystal oscil- 
lator to generate the transmit frequency. Our 29.6 MHz 
target requires that the VCO operates at 29.60 + 
10.695 or 40.295 MHz. This in turn is mixed with the 
third harmonic of another crystal oscillator (Q105 on 
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Deluxe models Regular SALE 
IC-02AT tor 2m ....... 349.00 289" 
IC-O4AT tor 440 MHz 379.00 289" 
Standard models Regular SALE 

.......... IC-2A for 2m 239 50 189" 
IC-2AT w~th  TIP ....... 269.50 19gq' 
IC-3AT 220 MHz . TTP 299.95 239" 

VHF/l IHF bare rn~~lri-modes Regular SALE IC-4AT 440 MHz . TTP 299.95 23gq' 
....... IC-551D 80W &meter SSB/CW 699.00 599" 

EX-242 FM u n ~ l  .................... 39.00 

AG-25 Mast mounted preampl~l~er* 84.95 

HM-9 Speaker m~crophone ...................... 34.50 
HSlO Boom m~crophone/headset .............. 19.50 

FL.70 2.8 kHz w~de SSB I~l ter ...... 46.50 
H I - 1 2  Extra hand m~crophone ..... 39.50 
SM-6 Desk m~crophone ....... .... 39.00 

FL-34 5.2 kHz AM l~l ter ............ 4950 

............ UT-23 Vo~ce synthes~zer 29.95 
AH-32 2m/440 Dual Band antenna 32.95 

............... ME-12 M n h ~ l ~  mount 19.50 

EX-144 Adaptor tor CF.l/PS.15 .... 6.50 

....... PS-25 Internal power supply 99.00 89" 
........... EX-310 Vo~ce synlheslzer 3995 

... SP-5 Remote speaker lor mob~les 25.00 UT-15s CTCSS encoder/decoder 79.95 .... 
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fig. 1. The scanner section only requires a few ICs. 

the CB). The difference frequency is filtered and 
applied to the PLL. This frequency must fall in the 
range of 2.24 to 2.68 MHz. 

When we started this project, we had about a dozen 
crystals left over from an earlier 10-meter club project. 
These crystals were marked 12.61333 MHz and had 
been ordered for a PLL using a reference frequency 
of 5 kHz rather than 10 kHz. The scheme we used re- 
quired the crystal to operate up or down one third of 
a 5 kHz step or 1.67 kHz. We found the oscillator 
(0105) more agreeable to being "rubbered" up than 
down, and had no trouble reaching 12.615 MHz. This 
frequency would have resulted in having to shift down 
to 10 kHz from 29.7 to reach 29.69 and not being able 
to use 29.50, which was clearly not desirable. By re- 
ducing C118 to 15 pF we were able to move the fre- 

quency up to 12.61833 MHz. Two units were built with 
crystals of 12.61833 MHz and they worked fine with 
the original value of C118. 

The crystal's third harmonic of 37.855 MHz, when 
subtracted from the VCO frequency of 40.295 MHz, 
yields a difference of 2.44 MHz. To match at the 10 
kHz PLL reference frequency, the PLL divider must 
divide by 244. The divide number is controlled by 
applying logic levels to the PO-P8 inputs of the PLL. 
Note that the PLL chip has internal pull-down resistors 
on these inputs. An open circuit is a logic zero, and 
a logic 1 is obtained by pulling an input up toward + 5 
volts. 

We can develop a truth table based upon our choice 
of crystal. The P inputs of the PLL have binary 
"weights" with PO having a value of 1, PI  having a 
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I 
table 1. Truth table. 

desired 
frequency 
(MHz) 
29.50 
29.51 
29.52 
29.53 
29.54 
29.55 
29.56 
29.57 
29.58 
29.59 
29.60 
29.61 
29.62 
29.63 
29.64 
29.65 
29.66 
29.67 
29.68 
29.69 

VCO F 
(MHz) 
40.195 
40.205 
40.215 
40.225 
40.235 
40.245 
40.255 
40.265 
40.275 
40.285 
40.295 
40.305 
40.315 
40.325 
40.335 
40.345 
40.355 
40.365 
40.375 
40.385 

mixer F* 
(MHz) 
2.3400 
2.3500 
2.3600 
2.3700 
2.3800 
2.3900 
2.4000 
2.4100 
2.4200 
2.4300 
2.4400 
2.4500 
2.4600 
2.4700 
2.4800 
2.4900 
2.5000 
2.5100 
2.5200 
2.5300 

Note 1 :  0105 oscillator 12.61833 MHz new crystal. 
Note 2: Oscillator x 3 = 37.85499 MHz. 

'2.68) maximum, 2.240 minimum. 

(F,,, + 10.695) - (3 oscillator) MHz 
"divider = -. - 

I0 MHz 

divider*' 
234 
235 
236 
237 
238 
239 
240 
24 1 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 

PLL program pin values 
P 7 P 6 P 5 P 4 P 3 P Z P l P O  
1 1 1 0 1 0 1 0  
1 1 1 0 1 0 1 1  
1 1 1 0 1 1 0 0  
1 1 1 0 1 1 0 1  
1 1 1 0 1 1 1 0  
1 1 1 0 1 1 1 1  
1 1 1 1 0 0 0 0  
1 1 1 1 0 0 0 1  
1 1 1 1 0 0 1 0  
1 1 1 1 0 0 1 1  
1 1 1 1 0 1 0 0  
1 1 1 1 0 1 0 1  
1 1 1 1 0 1 1 0  
1 1 1 1 0 1 1 1  
1 1 1 1 1 0 0 0  
l l l l l 0 O t  
1 1 1 1 1 0 1 0  
1 1 1 1 1 0 1 1  
1 1 1 1 1 1 0 0  
1 1 1 1 1 1 0 1  

1 = logic one ( +  51 
0 = logic zero (ground) 

value of 2 and so on up to P8 with a value of 256. The 
frequency choice of 29.50 to 29.68 MHz works out so 
that P8 is always zero (floating), and the P5, P6, and 
P7 inputs are always logic 1, which we tied up to + 5. 
To cover the desired frequencies, we need control only 
four inputs, PI through P4. Since we have shown that 
the "divide by" number for 29.60 MHz is 244 and we 
are spacing our steps 20 kHz, it follows that 29.62 MHz 
would require two 10 kHz counts higher on 246. From 
the information that we now have, the truth table 
shown in table 1 has been developed. 

Examination of the table reveals that the PO input 
is a logic zero for all of the "standard" 10-meter FM 
channels, which happen to be represented by even 
numbers. Switching the PO input to 1 ( + ) shifts the 
PLL up 10 kHz to ten "in between" frequencies which 
are odd numbers - 29.51, 29.53, 29.55, etc. 

Table 1 also shows the frequencies at the VCO out- 
put and the mixer output. Note that the mixer fre- 
quency must fall in the range of 2.24 to 2.68 MHz for 
the PLL to operate correctly. Table 1 was derived from 
a spreadsheet program that does the mathematics in- 
volved with the crystal selection and frequency genera- 
tion. t To check on the usability of a crystal, the user 
enters the crystal frequency and the highest output 
frequency desired; the program calculates the VCO 

output frequency, the mixer output frequency, the 
divider necessary to match the 10 kHz input to the 
PLL, and the PLL program pin values. The spread 
sheet is useful for demonstrating what is happening 
in the circuit as well as for crystal and frequency 
selection. 

To build the encoder, replace each + in the truth 
table with a diode. No diodes are needed for the - 
points on the table because of the pull-down resistors 
in the PLL. 

construction 
The first step in building this radio should be to get 

the CB working as a CB. (The referenced articles cover 
this subject in detai1.2,3.4) We took the additional step 
of inserting pins in the CB at the points where con- 
nections are to be made such as the speaker output, 
microphone input, and the volume and squelch 
potentiometers. 

In addition to making the board easy to remove, we 
can interchange boards when problems arise. We 
found that the extra work was beneficial. 

t A  copy of the spread sheet, written in Lotus 123 and VisiCalc for an IBM 
PC and compatibles, or in VisiCalc for Apples, is available from the authors. 
Send an SASE for information. 
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The board used for the modification was made by transmitter keyed. If C118 must be changed, use the 
Cybernet when the CB craze was in full swing. largest value that will permit CT101 to bring the 
Cybernet manufactured these boards for several oscillator to the desired frequency. This will make 
manufacturers such as Hy-Gain, Kraco, and others. CT101 much less critical to adjust. 

We found some CB boards with wrong value com- 
ponents. If the phase locked loop can not be made 
to lock by adjusting the VCO coil slug, check the value 
of R103 in the VCO circuit. The correct value is 1.5K, 
not 3.3K. Also, C101, which is buried in wax, should 
be 18 pF. (Some had a purple mark and measured 22 
pF. If C101 is black, it's OK. This is apparently a pro- 
duction change that works on 27 MHz but doesn't 
work on the high end of 10 meters.) 

We had a severe birdie problem on all 20 channels 
during tune-up of one of the first conversions that we 
built. The birdie was apparently caused by the 10.695 
offset oscillator's being off in frequency. To prevent 
problems when the radio is being tuned up, all three 
oscillators must operate at the correct frequency. 
Radio Shack carries 3-10 pF trimmers (catalog No. 
272-1338) that fit directly in the board; they are useful 
for adjusting the oscillators. Start with the 10.24 MHz 
reference oscillator. Loosely couple a frequency count- 
er to the collector of transistor Q104. If the frequency 
is off, install a trimmer in location CT103 and try to 
move the frequency. C178 may have to be changed 
from 56 pF to a 39 or 43 pF capacitor. Set the fre- 
quency to exactly 10.24 MHz. To adjust the 10.695 
MHz offset oscillator, connect the frequency counter 
to the emitter of 0109. Since the oscillator is not buf- 
fered, any appreciable capacitive loading will pull the 
oscillator frequency. We used a 10 to 1, low capacity 
oscilloscope probe to connect the counter. Install a 
trimmer in location CT102, and change C127 to a lower 
value. Adjust the CT102 for 10.695 MHz out with the 
transmitter keyed. Next connect the frequency counter 
to the dummy load at the output. Set up the PO-P8 
PLL inputs to a known value such as 29.60 MHz and 
tune CT101 for the correct output, again with the 
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fig. 2. The diode encoder converts a decimal number to 
the digital data required by the CB PLL chip. 

/f;__d CLOSE FOR SIMPLEX - OPEN FOR IOOhHz TR4NSMIT OFFSET +5v  

1 

6 

20OPr PRF 
IN914 

n 
2 0 0 h  OSCILLATOR 4017 "CLK" 

2 

T 

fig. 3. Digital 100 kHz transmit offset circuit. 
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m conclusion 
The scanner approach described above adds a new 

dimension to the CB-10 meter conversion by providing 
a simple yet versatile circuit. The digit offset control 
also has the capability of shifting up 100 kHz as well 
as down, in case you want to use the rig as a repeater 
- one local Amateur (Bob, WWL) answered a call 
in the repeat mode and managed to work a station in 
Mexico. 

In addition to the communication possibilities of a 
low power 10-meter FM rig, many local Amateurs use 
the radio to monitor 10 meters for isolated band open- 

1 ings. A dedicated rig eliminates the need to change 
freauencv to check conditions: the radio is set UD to 
monitor several repeaters. With the sunspot cycle on 
the decline, 10 meter openings are more sporadic, and 

Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 
.* 154 

when they occur, it's nice to know about them. 
The circuits covered in this article can be used as 

shown or they can be used as a starting point for other 
innovative designs. There are other ways of obtaining 
the correct frequencies using a scanner approach such 
as using a decade counter and an adder to go directly 
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into the PLL, which would make it easy to add the 
repeater offset. That may be a subject for a future 
article. 
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external product detector 
improves receiver 

Add this circuit to 

your R390A or other 
older receivers 

This unit is a combination of an IF amplifier, high 
stability local oscillator, wide dynamic range mixer and 
a separate audio amplifier circuit for SSB and CW 
reception. A stable high-current power supply is in- 
cluded so that the user needs only a speaker, a length 
of RG 581U coax and a 120 VAC source of power. 
There is no need to re-enter the receiver past the IF 
output stage. The unit itself (fig. 1) is housed in an 
aluminum shielded cabinet. 

Assembly and testing are straightforward. The only 
special equipment needed is a digital counter to set 
the oscilloscope and a 1 MHz heterodyne oscillator to 
the required frequency. 

The construction and testing of each circuit should 
be done in the following order, completing each ele- 
ment before proceeding to the next: 

power supply 

audio amplifier 

VFO unit 

mixer-audio preamp (combined on board 3) 

The power supply is a typical textbook assembly, 
with a three-terminal regulator. The bleeder R14 is 
used so that a constant load is placed on the power 
output at all times. To set the voltage, before AC is 
applied to the transformer, set R13 to the mid-point 
of the trimmer. Attach a voltmeter to the output point 
(at R141, apply 120 VAC to the primary of the trans- 
former, observe the voltage at R14 and adjust trim- 

performance 

mer potentiometer R13 to 12 volts. This circuit will 
need no further adjustments. 

The assembly of the audio section has several im- 
portant considerations. The TDA 2002 or TDA 2003 
must have a 5-square-inch (12.7-cm2) heat sink. A 
piece of aluminum 2 inches (5 cm) per side and 2-1 12 
inches (6.35 cm) long was used to sink the device. The 
sink can be grounded to the B minus (and cabinet), 
providing a current return path for power and an ade- 
quate sink for device heat. Each module of the working 
model was assembled on a 3 x 4 inch (7.6 x 10.6 
cm) vector board, with push-pin mounting for com- 
ponents and sockets for the transistors. 

Keep all leads as short as possible. The 5 PC leads 
were soldered to push pins staggered in alternate 
rows. The assembled module was speaker tested with 
an audio oscillator and an oscilloscope with satisfac- 
tory results. The low-frequency cut-off was about 100 
Hz and the upper range fell off after 6 kHz. 

The local oscillator was assembled on a separate 
vector board using a standard Colpitts design. Note 
that the oscillator/mixer portions are FET devices, and 
consequently are high impedance circuits. To prevent 
loading down, the circuit testing was done with 10X 
scope (probe) leads. 

frequency adjustments 
To set the center frequency to 455 kHz, first set the 

C2 capacitor to its mid-point. Set C1, the compression 
trimmer, also to about its mid-point. Measure the oscil- 
lator frequency at the output end of C7 with the 
counter set to 1 MHz range. The coil, L1, should have 
a tuned resonance of 455 kHz f 50 kHz. Adjust the slug 
in L1 to a point well before it extends beyond the wind- 

By Alan Nusbaum, WGGB, 13222 Ballad Drive, 
Sun City West, Arizona 85375 
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fig. 1. External product detector schematic. I 
Parts list. I 
item 

BNC 
C 1 
C2 

C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
CRBl 
Cx 

description 

BNC male, chassis mounting 
20-100 pF trimmer 
5-20 pF SFL ("butterfly") variable 
USE-LSB offset tuning 
390 pF, mica, 500 volt 
300 pF, mica, 500 volt 
500 pF, mica, 500 volt 
10 kilohm pF, ceramic, 50 volt 
100 pF, ceramic, 50 volt 
0.01 pF, ceramic, 50 volt 
1OOO pF, ceramic, 50 volt 
5000 pF, ceramic, 50 volt 
1 pF, electrolytic, 50 volt 
1 pF, electrolytic, 50 volt 
50 pF, electrolytic,lO volt 
0.01 pF, ceramic, 100 volt 
10 pF, 10 volt ceramic 
10 kilohm pF, ceramic, 50 volt 
IpF, electrolytic, 25 volt 
4700 pF, electrolytic, 50 volt 
470 pF, electrolytic, 100 volt 
0.1 pF, electrolytic, 50 volt 
1OOO pF, electrolytic, 50 volt 
0.1 pF, electrolytic, 25 volt 
MDA970-1 Motorola 
5 pF, 25 volt if the leads from regulator 
causes oscillation as seen on an oscilloscope 

J.W. Miller No. 23A474RPC 
1.2 mH, Miller No. 73F123AF 
1.2 mH, Miller No. 73F123AF 
2N5486 Motorola 
3N201 Motorola 
2N2222 Motorola 
100 kilohm, 112 watt 
100 ohm, 112 watt 
100 kilohm, 112 watt 
10 kilohm, 112 watt 
100 ohm, 112 watt 
1.5 kilohm, 112 watt 
100 kilohm trimmer, 112 watt 
91 kilohm, 112 watt 
22 kilohm, 112 watt 
150 ohm, 112 watt 
3.9 kilohm, 1 12 watt 
270 ohm, 112 watt 
5 kilohm trimmer, 112 watt 
2 kilohm W.W., 5 watts 
100 kilohm potentiometer, 1 12 watt 
220 ohm, 112 watt 
2.2 ohm, 112 watt 
1 ohm, 112 watt 
DPST toggle switch 
115 volt primary, 17 volt, 2 ampere secondary 
455 kHz Miller No. 8812 
LM317K National 

I F1 buss fuse, 1 amp, 120 VAC Note: All resistors 5 percent I 
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~tputcircuit tor 80 and 160 gives full band 
coverage and exceptiono~~~ smooth tuning. 

e AL-BOA will provide a signal output that is within t/2 " S  unit o f  the signal 
~tput o f  the most expensive amplifier on the market--and at much lower 
.-A Size: 15Yz"D. x 14W. x 8"H. Weight: 52 Ibs. 

rm ,81E&1TR@M RCS-4 REMOTE COAX SWITCH 

The Ameritron RCS-4 is a remote contralled coax switch 
that selects one of four antennas by supplying all 
control voltages through the coax feed line. The elimi- 
nation of a control cable results in a neat and inex- 
pensive installation. 
The indoor control console has bright LED antenna 
selection indicators. 
The remote relay box Is tower or mas? mounted with a 
single clamp. 
The RCS-4 operates from 120 VAC and coven 
frequencies from 1.8 through 30  MHz at full legal power. 

A w l  J OF PRIME INSTRUMENTS. INC. 
9805 WALFORD AVENUE. CLEVELAND. OHIO 44102 (216) 651-1740 

/ 157 

MICROWAVE EQUIPMENT 

m RMLA - 2.3 
Single Stage, Low Noise 

Gas Fet Amplifier 
560.00 

Oplunu,n r..mstsIor Norse Ftgure less lhan 5 dB. 
Assoc~a l~d  Greater Than 1548 al 2 3 GHz 
So~rceiLoad musl he SO* 10 ohm Non.Reacttve 
SMA C ~ n n e c l o r ~  Requires tSVDC Power wllh 
- SVDC presenl when + 5VDC applted Power Sup. 
ply and Sequencmnq IS no1 supplied Zener Protecllon 
Unenclosed an 2 x  2" PC Bosrd 

- ~- - -~ 

Wnle lor Pr~celDel~vary for any lrequency lrom 1 to 6 
GHz Also VCOs. Stgnal Generalors. Delectors. At. 
lenualors. Fillers. Mixers. and Converlers 

- - 

Price tncludes Sh~pplng and Insurance when p a d  by 
check or money order Charge or C 0 D orders. 
F 0 B . Brookl~eld. MO 

ROENSCH MICROWAVE 
R.R. I. Box 1568. 
BROOKFIELD. MISSOURI 64628 / 

> 

covers 0 5 32 Mhz AM f%%' " 2. , cw ~n 31 one M ~ I  tlands \ v **- * using mchanlcal dlgltal 
lunlng 455 Khz IF has *d 0 : 8 lour Coll~ns m~chanlcal 
llllers lor Seleclable 2-4- 

8-16 ~ h z  bandwtdth 1OO Khz callbrator. BFO No covers 
115/230VAC60 Hz.  10't:~19x16~/.". 95IDS Sh (UPS 
In 2 pkgs.). Used-reparable 5215. Checked $335. 
Manual. partial repro $15. 
PARTS FOR R-390A. used-checked: 

......... PTOlVFO assembly $40 11 Collins Mfg. $60 
....................... Mechanicdl fillers 2 ot 4 KHZ $35 

................ . . . . . . . . . . . . . .  8 KHz 527 l6KHZ 520 
............................... Set of four rnach-filters $85 

.... Power supply less 2625 tubes $30 Most olher 
Darts available. exceot meters. Write for listlna. 
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VE Groups! 
Individual VEs! 

Wants Your 
Work with the VEC that was - and 
still is - one of the first (and best) in 
the VEC Program. 

Upgrading? An SASE will bring you 
DeVRY exam dates and locations by 
return mail. 

Call or write Jim Georgius, 
WgJUG, Director 

DEVRY ARS VEC Program 

DeVRY Institute of Technology 
3300 North Campbell 
Chicago, I11 60618 
(3 12) 929-8500 J 162 
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You'll Find Them 
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Etactronic Shopper Maguzine 

NUTS & VOLTS 
Now in Our 5th Ysar 

Nuts 81 Volts is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST A D  RATES PRIVATE A N D  
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION A N D  A FREE CLASSIFIED A D  

WlTH YOUR SUBSCRIPTION 

SUBSCRIPTION RATES 
One Year - 3rd Class Mail . . . . . . . . . . . . . . . . $ 10.00 
One Year - I s t  Class Mail. . . . . . . . . . . . . . . . . S 15.00 
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ORDER NOW1 
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ings, then fine tune by adjusting C1, while keeping C2 
at its mid-range value. If leads have been kept short, 
the 455 kHz point should be found without difficulty. 
The open-air maximum drift as measured on a counter 
was less than 100 Hz at the end of 1 hour. 

The oscillator output voltage through C7 was about 
1.5 volts peak-to-peak, which is the required ampli- 
tude. If the voltage is greater than 1.5 volts, reduce 
the value of C7. The loading of this output by Q2 has 
negligible effect on the amplitude of the voltage. 

A test for upper and lower sideband heterodyning 
is the most important aspect of a product detector 
circuitry. 

With C2 set at its center point, the counter should 
still register 455 kHz. Adjust C2 slowly to a lower value 
of capacitance and frequency should increase to about 
458 kHz. Move C2 to a higher capacitance (at the same 
excursion as above) and the frequency should drop 
to 452 kHz. Return the tuning to mid-point, 455 kHz. 
Turn off the power. 

Install Q2 (3N201) in the socket. Connect a stable 
signal generator set to 455 kHz to the signal input BNC 
connector. The amplitude of the signal should not ex- 
ceed 100 mV peak-to-peak sine wave, unmodulated. 
Connect the scope to the output end of C11, which 
is the top of trimpot R7. Power up the circuit and sync 
the VFO with the signal generator so as to display a 
null on the scope. Swing C2 through its upper and 
lower excursions, verifying that the waveform remains 
linear through sum and difference mixing of the 
signals. The amplitude should be about 200 mV peak- 
to-peak (3-dB mixer gain). Move the scope probe to 
the output side of C17. Adjust R7 trimpot for an out- 
put of less than 500 mV peak-to-peak. There should 
be no distortion of the output signal. If all components 
have been wired correctly, the Pi-section filter C9, C10, 
and L3 will have removed all mixer by-products with 
just the product of the two oscillators displayed on the 
scope. Increasing the signal generator output to 250 
rnV peak-to-peak should not cause distortion of the 
output signal. Be aware that the voice products of a 
product detector vary over the speech range and signal 
strengths. High signal amplitudes should not distort. 
A reduction of the R7 gain potentiometer will reduce 
large signal distortion. 

The MOSFET, Q2, can tolerate high signal levels 
without distortion, however Q3 can be overdriven. A 
distorted signal is not pleasant to listen to. 

After these tests have been completed, you're ready 
to assemble the power audio IC and hook up the 
R390A IF output connector. 

The input and interconnect cabling was done with 
RG 217lU coax. The low frequencies of the system 
could have tolerated audio cords with equal success. 

The builder can use edge card connect boards with 
matching sockets. This writer drilled holes in the vec- 
tor board corners and fastened the boards with 4-40 
screws and 112-inch (1.27 cm) aluminum spacers. It 
all works happily together and that's what it's all about. 

modifying the R390A 
Several changes can be made to improve sensitivity, 

and noise figure of the R390A receiver. The modifica- 
tions are made to the IF module,only. 

Disconnect AC power to the R390A. The rear ter- 
minal board TB102 has a jumper between terminals 
3 and 4. Disconnect this jumper and ground terminal 
4 to the receiver frame. Connect a voltmeter between 
terminal 3 and ground. Carefully remove the aluminum 
shields covering T501, T502, T503, and 2503. 

Drill 3/16 (0.476 cm) holes in the top center of these 
shield cans. Be sure to de-burr afterward since the 
aluminum is soft. 

Inspect the IF transformer T501. Locate the resistors 
shunting the primary and secondary winding. Caution: 
The Litz wire connecting the inductors is very fragile 
and easily broken. The resistor values in my receiver 
were 47 kilohms but could be as low as 15 kilohms 
in other models. Clip out these resistors, and replace 
the shields and observe the AGC voltage. Switch the 
receiver on and set the function switch to AGC, note 
that the voltage measures approximately 28 volts in 
the 2 kHz selectivity position. When peaking T501, 
T502, T503, and 2503, the voltage should increase to 
34 volts (minimum) if all tubes are working properly. 
Replace the jumper on the TB102 AGC line, connect 
the Product Detector Module and you'll discover that 
you have a hot SSB receiver that rivals anything built 
today. 

using it in other receivers 
The application of the Product Detector-audio 

assembly is not limited to the type of receivers dis- 
cussed in the text. If the IF frequency is other than 
455 kHz, (such as the R-388), then the local oscillator 
coil can be chosen to work with the required matching 
IF. Miller coils cover most of the wanted ranges; the 
builder can also wind a coil to the frequency of inter- 
est. The old Hallicrafters receivers, as well as the 
Hammarlund, National, and RCA of WW2 vintage can 
regain their vigor, providing the first local oscillator is 
stabilized. Don't scrap the old boat anchors just be- 
cause they won't copy SSB or CW like some of the 
newer radios. Add this stand-alone module and find 
out how good it was all along! 

The author has several R390A receivers in restorable condition, with the 
manuals. They are laboratory units, not militaw surplus. A QSL card to WGGB 
will get details. - Ed 
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November 1985 1 111 



I CMC COMMUNICATIONS, INC. 
5479 Jetport Industrial Blvd. Tampa, FL 33614 

Phone: 813-885-3996 I 
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75% off list 

Semiconductors 
................... MRF 245lSD1416 ..$30.00 SD1088 19.95 

MRF 454 ................. 14.95 2N3055 ....................... 754 
MRF 455 ................. 10.95 2N6084 ................... 12.50 

RF Connectors 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
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I : Don't buy from Hamtronics . . . , 
I I 

Unless you want the best possible equipment = I 
I at the lowest possible prirce! ! ! I 
I I 
I I 

The "wheeler-dealer" is back and he's beating I 

everyone else's "deals." I 

I I 

= We all know there's no such thing as a free lunch . . . - 
I = so How Can We Do This? I 

We don't run alot of ads featuring sale items I 

I I - We don't spend alot of money on full page ads I - We don't have sales on just the fastest selling - - - - products - - - - We don't short cut you on service. We are a factory - - warranty repair facility for everything we sell! - 
- - 
.- We don't mail out free catalogs - 

- We don't have a free WATS number. - 
- - - You and every other Ham customer is paying for all - 
- these do-dads and sales gimicks. - - - - Hamtrodcs puts the savings into your pocket. - - - 
I Hamtronics guarantees to meet or beat any advertised - - price on every item we sell. - 
9 I 

I Hamtronics Has It All! I 

I I 

I I 

I Let Hamtronlcs be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business 

I 
I at the same location. I 
I I 
I I 
I I 
I 
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A DIVISION OF TREVOSE ELECTRONICS 
I 
I : 4033 BROWNSVILLE RD , TREVOSE, PA 19047 1- 

1 (215) 357-1400 I 

HALF-PRICE SALE! 1 
Super SSB Filters for ICOM 

Models 16-730/740/745, R-70/71. 
COMPARE! 

ICOM FL 44A 2 4kHl 455hHf R pole Rag $159 
FI -44A (Twin of FL-44A) SALE 579.50 

Character~sllcs equal or exceed those of FL-44A 
Replaces lnferlor mechanical fllter 
Easy drop-~nstallat~on - complete ~nstruct lons 

L i m l a d  Ouantltles - Get 'em whl le they last! 

GO FOX TANGO - TO BE SURE 
SHIPPING $3 A r $5 IUS h Canada1 Sin Elsewhere 
Order Dv mall or Dhone VISAIMC or COD AcceDled 

4048 Gamn True Parabolic 20 Inch Dlrh 
Complete System $84 95 (Shlpptnglncl 1 
Dcalershlps 01" Prlclng RrplarerncnlPafl* 
r n l ~ ~ ~ m - m e h  E h d F O n I l  
r o BOX 31772 . moonla u ssoa7 
18021 847 7700 IS10~Tred1lallphoncordarll 

ncludes all currenl, ob- 

I 114 WAVELENGTH I 
Model No. Fnq. MHz Descrtptlon Rka 
196-200 144-148 5/16-32 stud wtaprlng $5.95 
196-204 " BNC connector wlsprlng 7.95 
196-214 " BNC connector 6.95 
196-224 144-UP BNC conn adl. anpb 7.95 
196-814 220-225 BNC connec~or 6.95 

518 WAVELENGTH 

" 5/16-32 lor old TEMPO 
" 8NC conneetor 
" PL-259 w/M-359 ad@. 

220-225 5116.32 tor old TEMPO 
" BNC connector 

440-450 5/16-32 101 HT-220 
" 1/4-32 stud 
" BNC connector 

Largest Selection of Telescoplc Anten- 
nas. W r i t e  for I n f o .  Prices are postpaid 
v i a  UPS to 48 States. For air delivery 
via UPS Blue a d d  $2.25. Florida add 5% 
sales t a x .  P a y m e n t  by M.O. or C a s h i e r s  
Check o n l y .  J 172 

N t , t  C I I I 5 i l R  
l r r l ~ i l ~ c ~ a r ~  I I.,,.,. ORA li.>l i ; i l u d ~  l q  qS 
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10.12 wpm Speed R1111der 995 
I?  I5 wpm Call5 8 Numbers Speed Buttdpr 995 
13 15 wpm Random Code Praclocr 9 95 . 13 wpm Genetal Class OSO Tesl Ptep Tapp 995 
13-15 wpm Speed B u ~ l d ~ r  9 95 
15-17 wpm Speed Builder 9 95 
l i .19 wpm Speed Bulldet 995 . 20 27 wpm Random Code Pracl~ce 995 
20 wpm Erlra Class OSO Tesl Prep Tape 995 

Test Guldes Updated 10 New 85 OueStlOnS and 
Answers 
Slow Code Tapes Use 13 wpm Characler Speed 
We Sh~p Ftrsl Class Mall Same Day 
Add $300 rioslaoe a handllna lor Test Gu~des. 
MC PBH for eat6 lape 
IW" SATISFACTION OR MONFY RACK 173 
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build a handy RF probe 

Build it simple 
- or more complex, 

for increased 

sensitivity 

An  RF probe is a useful instrument to have around 
the shack - if you can find one that's sufficiently 
sensitive. This article will help you build your own, 
using solid-state Germanium or silicon diodes in sim- 
ple circuits to provide the necessary sensitivity. 

using diodes 
Two principles must be understood in using diodes 

of all types: threshold of operation and detection sensi- 
tivity. Ideally, all diodes have a maximum sensitivity 
set by the diode equation: 

I = Is {[exp. (q V/kT)] - 1 ) (11 

where Is is the saturation current, which sets the 
threshold, q is the electron charge, k is Boltzman's 
constant, and T is the absolute temperature (room 
temperature is about 290 degrees absolute), and V is 
the voltage. The expression ( q / k n  is extremely im- 
portant in solid-state electronics and has a nominal 
value of 39. Its reciprocal is 0.026 volt. 

The smaller the value of I,, the larger the threshold 
voltage required with any of these devices." With the 
germanium diode, the threshold will occur at an 
anode-to-cathode voltage in the range of 0.1 to 0.25 
volt, and with the silicon diode, 0.5 to 0.75 volt. 

In practice, an operating current level between 0.1 
and 1 mA is selected to compare various devices. In 
normal operation, the anode-to-cathode voltage at 

"The value of I, is a function of the numbers of the charge carriers in undoped 
or intrinsic material. In undoped germanium, there are 1131 times as many 
carriers than in silicon. This leads to at least 0.180 volt more bias for the silicon 
diode than for the germanium. 

which the chosen level of current flows controls the 
minimum sensitivity of a diode probe. 

Measuring current as a function of voltage in solid- 
state diodes, one finds a two-to-one change in device 
current with approximately 0.018 volt change in ap- 
plied voltage. This is the sensitivity needed (see 
appendix). 

Using a diode having a low threshold and full in- 
cremental sensitivity, as it can be called can improve 
the minimum sensitivity of an RF probe to allow the 
measurement of voltages in the 100 to 500 millivolt 
range. (This is why hot-carrier diodes are important.) 
The simplest circuit for using a high-threshold- 
sensitivity diode is shown in fig. 1. The input capacitor 
is selected so that its reactance ( I /wC)  is small com- 
pared to the diode's apparent resistance, and not more 
than the source impedance of the signal source. The 
resistance value in the output circuit should be large 
compared to the diode resistance, which is approxi- 
mately 0.026/1 where I is in amperes. Such an RF 
probe can be used in some receiver alignment applica- 
tions as well as many routine tuning problems, and 
it can be used with a sensitive analog meter or a digital 
voltmeter. 

building a better probe 
Reducing dependence on the threshold limitation 

results in better RF probes because of high inherent 
sensitivity of solid-state devices. To take advantage 
of this sensitivity, a fixed level of operating current 
must be introduced to overcome the threshold and 
then apply a signal voltage from a low-impedance 
source to achieve the current sensitivity solid-state 
devices are theoretically capable of delivering. 

Possibly the easiest way to avoid the threshold prob- 
lem is to use a transistor so that we can sense the cur- 
rent changes more easily. A circuit using the LM 334 
controlled-current source is shown in fig. 2. An isola- 
tion resistance that reduces the voltage drop across 
the LM 334 to perhaps a volt and a half will separate 
the DC and RF circuits. 

By Keats A. Pullen, Jr., W300M, 2807 
Jerusalem Road, Kingsville, Maryland 21087 
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John J Meshna Jr, Inc. 
P. 0. Bax 62 I 9  AUerton St. E. Lynn, Ma 01 904 Tel: (61 7) 5952275 

COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CPT 

This is a great beginning for a computer terminal. 11 is a brand new, Panasonic, 9"  +5, +12, -12VDC Supply 
TTL input monitor complete will1 its own self-contained, switching power supply, 
and a removeable (four screws) triple output  power supply. The whole assembly 12 
ruhs on 115 1230 V, 50 160 Hz. Now for some specifics: 9 " green phosphor, TTL 
input monitor, attached regulated 12VDC, 1.5A power supply used exclusively to  
run the monitor and an attached triple output  switching power supply with outputs  
of 5 VDC 63 .5A,  +12 VDC @ 500 ma, and -12 VIIC 6. 500ma. The assembly has 
mounting feet and should be a snap t o  make a case for. Comes with hook up data. 
New, factory boxed. We are offering this to  you 4 ways: 

COMPLETE SET-UP AS SHOWN, including monitor, low voltage supply and 
triple ou tpu t  supply. SPL-116-38, 14 Lbs.. $50.00. 5/%225.00 

TRIPLE OUTPUT SUPPLY ONLY, SPL-117-38, 3 L b s .  $15.00 
9"  MONITOR ONLY, (you supply low voltage input) SPL-114-38, 18 Lbs. $ 25.00 

Monitor Chassis '. 9 "  MONITOR WILOW VOLTAGE SUPPLY ONLY, SPL-115-38, 1 2  Lbs. $40.00 wlDisplay Board 

We are now selling guaranteed working, starlight scopes which ATTENTION: 
allow sight i n  alm&t total darkness. They are so named because 
they incorporate a light amplificat~on tube which uses the wailable SECURITY PERSONNEL 
star or moon light to  allow you to see- without being seen. The 
scope has a spectral response of 4.500 to 8,000 angstroms. 

NATURALISTS 
resolution of 50 lineslmm, viewing area of 25mm. standard 
50mm F1.4 lens, optional telephoto 135mm F2.8 lens. cross hair 

HOBBYISTS 
reticle and optional carwing care. A great tool for security and 
naturalist applications. Runs on 9VOC transistor radio battery. 

NEW SEE-IN-THE-DARK EQUIPMENT! 
Due to the nature of this device and people only hwing a one time 
use for it, we cannot accept returns for refund, credit or exchange 
on this item. To our knowledge, this is the lemt expensive starlight 
scope on the market Includes 90 day warranty. 
STARLIGHT SCOPE SPL.130A-39 $1,2W.W 
Ootionsl T d a ~ h o t o  Lens. 135mm F2.8 SPL-131A-39 $85.00 ~. 
Optiond Fitted Carrying Csrs SPL-132A-39 $65.00 

112 Height 1 MEGabyte Disc Drives 
Here we go with another blockbuster buy on disc drives which should 
make the competion's head spin! We are offering brand new, hlitsubislli 
no. 4853,  112 height, 1 megabyte, mini floppy disc drives. These drives 
are beautiful. They are fully S1:ugart 34 pin compatible. All are double 
side, double density. 80 tracks per side units. Each runs on +5vdc, .5A 
and + I  2vdc, .7 A. Just the drives to  use with your IBh4, Sanyo or  other 
computer. Each order will come with schematics and pin ou t  data. 
SPL-8 5 C-35 $175.00 eaili $175.00 each, 21S325.00, 5lQ725.00 
Naw, 75  wan power supply. +5vdc 5.5amp, +12vdc 4amps. -12vdc .3amps 
1151230 input  Made by GI, fully enclosed, with schematic. 
Shpg. w t  4Ib. PSlO $50.00 

HIGH POWER SURVEILLANCE IR SCOPE 

Use wit:> . 
ISM 
RADIO SHACK . HEATH 
XEROX 
SANYO 

This Infra-Red scope was designed specifically for long range surveillant 
use. The builttin, totally invisible, 50 watt halogen lamp IK source is 
coupled with a premium grade type 6032 image converter tube, 265ml 
M .2 lens, and 16 power military spec., color corrected eyepiece make 
this an ideal unit for viewing of clandestine activities o r  animals. The 
scope is capable of detection at more than 300 feet, recognition a t  
300 feet and positive facial identification at  150 feet. I t  runs on 
12VDC which makes it ideal for mobile use. It comes with a remove- 
able hand grip which allows for tripod mounting, 2 power cords for 
cigarette lighter or battery tern~inals,  instructions and a 90 day 
warranty. Listed below are accessories which make this a very 
versatile instrument. The scope and accessories are new and guaran- 
teed functional. Net wt. 5-1 14 Lbs. 
I R Scope part no. ELD Shpg. Wt. 7 Lbs. $735.00 ea. 

ACCESSORIES: 
12  VDC GELL BATTERY for above. Shl~g.  Wr. 6 Llrs. $35.00 MALE "T" f1.6 CAMERA DAPTER for SLR cameras 
BIOCULAR EYEPIECE which can be used ~n place of the standard Shpg W t  1 Lb. 51 29.00 
eye?iece. This allows the scene be~ng produced by the I R v l e w r  MALE "C" to FEMALE "T" ADAPTER for CCTV, requires use 
to be seen by the operator up to 4 f t  away. 2 Lbs. $89.95 of above male "T" f1.6 adaoter. Shoa Wt. 1 Lb. 529.95 . - 
Free 72 page catalogue available or send $1.00 for 1st Phone (6171 595-2275 to  place your order by phone. 
class service to P 0. Box 62 E. Lynn, Ma. 01904. MC, VISA, or American Express charge cards accepted. r g  rm - 
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fig. 1. Simple probe. Note: resistor across RF terminals 
if needed. 

A simple review of the principles underlying detec- 
tion is included in the appendix. 

The circuit shown in fig. 2 works as predicted, but 
it still is not optimum because very small current 
changes must be observed if sensitivity is to be op- 
timized. For this, a reference voltage follower can be 
used, (fig. 31, resulting in a voltage-sensitive bridge. 
Full-scale indication on the output meter with output 
changes of 100 millivolts (the full-scale reading of the 
meter) can be achieved easily. This may correspond 
to as little as 30 mV of RF signal. The scale will not 
be linear, but will approach a square-law function. 

Using the meter directly between the collector cir- 
cuit of the detecting transistor and the voltage refer- 
ence will also reduce the sensitivity of the detector. 
Two circuits that can do this, both reducing the cur- 
rent load on the detector output, are shown in fig. 4. 

The basic problems are now solved. To minimize 
the loading the detector places on the source, a situa- 
tion that is particularly important if the RF source has 
high-impedance characteristics, VMOS transistors 
such as the VNlOKM can be used as an amplifier. 
These transistors are better used as wideband ampli- 
fiers, with the output taken in the drain circuit. A small 
amount of degeneration through the use of a source 
resistance is acceptable, although it does reduce the 
amplification. In no case should the amplification ex- 
ceed ten, and it may be as small as 1.0 to 1.5. A possi- 
ble circuit is in fig. 5. 

If greater sensitivity is required, a pair of high- 
frequency bipolar transistors can be used in a cascode 
arrangement after the VMOS transistor and before the 
input of the detection transistor to get an additional 
XI0 voltage gain. A useful circuit for this is shown in 
fig. 6. This circuit should also be broadband. The out- 
put load resistance required will be approximately 
260/ic, with collector current, i,, measured in 
milliamperes. The resulting unit will have a voltage gain 
of roughly 10, and can be built quite easily. It will ex- 
tend the minimum sensitivity down to about the 
millivolt level. These amplifiers limit with input signals 
over about 10 millivolts, and will also rectify, distor- 
ting the input signal. 

r 

680 

/Oh 

other applications 
The buffered RF probe has a variety of applications 

of interest to Amateurs beyond its use in circuit 
testing. I have built one into a homebrewed Q meter, 
for example, and also into a low-frequency dip meter. 
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U 
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fig. 2. Sensitive probe using an LM334 controlled-current 
source. 
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fig. 3. Two circuits that can be used to improve the sensi- 
tivity of the detector. 
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fig. 4. Circuit for a reference voltage follower to obtain 
a voltage-sensitive bridge. 

The buffer FET can be the VNlOKM mentioned above. 
(I have described an instrument for testing FETs in 
Design of Transistor Circuits, with Experiments.' 

The field-intensity meter uses the cascode amplifier 
operating into the transistor metering circuit. I did not 
use the FET here because I assumed that the dipole 
antenna, consisting of two collapsible TV antennas, 
would have essentially a low-impedance output. (A  
suitable loop may be used instead, however. The unit 
seems to work quite well. 

The low-frequency dip meter must use variable- 
inductance tuning because a variable capacitor of ap- 
propriate size for this application would be much too 
large, and smaller ones would have too high reactance. 
The basic oscillator circuit I used is based on an 
emitter-coupled amplifier with a variable LM 334 cur- 
rent source for the base drive on both transistors, 
fig. 7. The oscillation level is set with a potentiometer 
across the LM 334 control points, and magnetic 
coupling is used to test a circuit. I have arranged the 
assembly so that I can plug in a variety of slug-tuned 
coils; the coils have slugs on threaded rods with a short 
piece of piano wire soldered in the screw slot. The 
drive consists of a piece of quarter-inch brass rod 
drilled and slotted to engage the wire. The frequency 
change is slow and smooth. 

I can also tap off RF output from the FET buffer for 
frequency counting or use as a signal source. This unit 
easily fills the gap between audio and 2 MHz, the lower 
limit on most dip meters. The actual circuit is a com- 
bination of figs. 3, 4, and 7. 

The Q meter used the same metering circuit as the 
dip meter for measuring RF. The RF source I use is 
a conventional inexpensive signal generator, except 
that I have tapped in on it prior to its normal output 
stage. These deliberately generate distorted wave- 
forms to create harmonics in the output. You may 
wish to put an FET buffer between the oscillator and 
the special output to ensure better frequency stabili- 
ty. A suitable circuit for this is shown in fig. 8. About 
10 millivolts of RF are needed by the Q meter input 
circuit. 

0 
S E T  R p  F O R  I V  

A C R O S S  RL RL = 1 0 0  

RI 

I O O p F  1 RF O U T  
0 

1 G N D  
<+ 0 

fig. 5. High-impedance preamplifier. Gain should not 
exceed 10 and may be as low as 1.0 to 1.5. 

I RF OUT 
0 

O . O l p F  

G N D  
___O 

fig. 6. Cascode preamplifier with a voltage gain of about 
10. Sensitivity is at the millivolt level. 

The RF drive transistor that provides the RF signal 
to the measurement circuit should be a high-frequency 
bipolar transistor, and should provide a voltage gain 
of approximately 10 overall. (Only a hundredth of this 
is actually applied to the tuned circuit, 100 microvolts.) 
The full output is used to calibrate the circuit, and the 
part to control the tuned circuit. One is then matched 
against the other, based on oscilloscope calibration. 
A possible circuit is shown in fig. 9. Minimum Q sen- 
sitivity will be about 20. About 25 mA of collector cur- 
rent will be needed by the 2N2222 or 2N2369 to pro- 
vide the required signal voltage. A Q test circuit is 
shown in fig. 10. 

calibration 
This calibration technique, done with an oscillo- 

scope, can be used wherever minimum or maximum 
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fig. 9. Q driver has a minimum sensitivity of about 20. 
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deflection is insufficient to assure proper circuit opera- 
tion, but an actual voltage value is required. The oscil- 
loscope can be calibrated with a reference voltmeter 
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fig. 7. Oscillator for low-f~requency dip meter. 
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and an AC signal. RMS calibration should be used. 
The low-frequency calibration is used, with the help 
of the oscilloscope, to calibrate sinusoidal signal well 
within the upper limit of the oscilloscope (1 /2  to 1 MHz 
for a 5 MHz unit). This calibration then is transferred 
to the Q meter measuring circuit. The source calibra- 
tion voltage for setting the Q meter reference input 
may be adjusted for 20, 50, and 100 millivolts for the 
reference excitation. This will make possible measure- 
ments of Q to 100,200, and 500. In addition, the meter 
is calibrated for a series of input signals ranging from 
about 10 mV to 100 mV, at least every 10 mV, to pro- 
vide the actual Q measurement. A special scale may 
be made for the meter if desired. Since the Q is pro- 
portional to the RF voltage generated, calibration is 
important. 

m 
fig. 8. Buffer stage to ensure better frequency stability 
for Q meter use. 

I 

concluding remarks 
These simple probe circuits can easily be built into 

transmitters, and receivers in which critical tuning is 
required as well as into other useful test instruments. 
In all cases, it is important to minimize probe loading 
on the circuit being tested without simultaneously 
degrading sensitivity. The VMOS circuits are ideal for 
this purpose, and they do not limit as readily as bipolar 
transistors. Where either germanium or silicon diodes 
can provide adequate sensitivity, they, of course, are 
the component of choice, but they do have the exces- 
sive threshold voltage requirement that the current- 
stabilized transistor circuits can help overcome. 

RF measurements have always been a stumbling 
block in the typical Amateur station, including mine. 
I can remember building a nice wavemeter that I was 
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fig. 10. Q test circuit using an RF voltmeter. High- 
impedance input i s  used. 

- 
, unable to calibrate. The described circuit techniques 

are a result of years of trying to solve similar problems 
inexpensively. Perhaps these ideas can help rekindle 
the experimental spark in other Amateurs, and help 
reverse the trend away from homebrewed equipment. 
You don't have to be a mathematician or physicist to 
contribute to progress! 

reference 
1. Keats A. Pullen. Jr.. Design of Transistor Circuits, with E~perimenrs. 
Howard W. Sams. Inc.. Indianapolis, Indiana. 

appendix 
Rectification is a change in the effective resistance (of conduc- 

tance) of a diode as a function of its applied voltage. This difference 
causes distortion, and i t  is the distortion of the current-voltage rela- 
tionship that converts an AC signal into some level of change of 
average current and average voltage. 

Strictly speaking, the relationship between the current and the 
voltage in a diode is nonlinear, or exponential. But for small voltages, 
it "looks" like a square-law device. The basic relationship can be 
stated in terms of the equation: 

I = I(, exp { q  V /k  T /  = I,, /I t q V / k  T t l q  V / k  T/-'/2 + . . . / 
I A l )  

When V is set equal to v, .sin f2rr/1), the relationship becomes, if 
a = ( q / k T / :  

The third term in the brackets on the right converts to the form: 

( O ~ C , ~ / ~ /  11 - cos 4 q f 1 )  

and the DC term now is ( I  + o2l$-'/4/. The term a-'C;,-'/4 represents 
the DC shift due to detection. and the current peaks in the two direc- 
tions are: 

The capacitor-input detector has a peak shift f rom 
( I  + 04, t o 2 K , - ' / 2  x I,, lo / I  - aC:, t o2l+'/2) x I,,. We filter 
out the I:, s i n  2rr/1 and the cos 4 x f l  terms with the RC circuit. With 
the peak detector. the current change is I,, /u-'l:,2/2); this is what 
we wish to read. 

From the above relationships, it is possible to show that with the 
normal diode detector, a current change of 2: l  can be obtained with 
18 millivolts peak-to-peak signal on a diode, and a DC shift between 
8 and 16 percent may be generated, depending on whether square- 
law or peak detection is selected. The signal distortion is roughly 
8 percent. 
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PKOOC . Documentation only. Refundable on f~rsf  PK1 
purchase S 9.95 

Please rpclly Call Slgn. SSlD Number. and Node Number when ordering 
Conlacl GL8 lor rddillonsl inlo rndavrilsoIa oplionr 

Wb o N w r  complele line 01 lnnrm,llen m d  mcarsn slnps, pmrelrclor 
pmsmps, CWIO'en 6 synlhrazan lor rmrlsur d commerorl use 

R e q m l  our FREE calrlog MC (CI Yirr micome. fl 176 

Heavy Duty swltch 
1 KW POWER - 2 KW 

Slngle PoIo, 3 PosRbn 

for true 
v P.E.P. 

Desk or wall mount 
All unused positions grounded 

ucs SGHNC HNC connectas 1 $36.50' 

2 Pole, 2 Posnbn. byposses. 
llnears reflectorneten antenna 
tuners, etc 

A 
XCSI' 7 U I ~  conmc~ors/ $34.25' 

\ Slngle Pok. 5 Posltlon, all unused 
i pos~tions Qrounded 

UC', h~ IJI~F connectmr 1 $32.00' 
rtCS6c7 RNC RNC connectmi $46.50. 

i Shipping a n d  handling for any 
item a d d  $2 each. 

ALL OUR PROGUCTS MADE IN U! 

BARKER & WILLIAlYI 
GWallty Cornrnunlcotlon Products Since 
At your D~strlbutors write or coll 
10 Canal Street Br~stol PA 19007 
(145) 708-5584 
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WHAT'S REALLY 
HAPPENING 

SATELLITE 

SA TELLlTE 
TELEVISION 

M A G A Z I N E T .  

Od.rr'' AT LAST" A VERY AFFORDABLE COMPUTER 

Id .> A 1  A V E R I  &FIOROABLE PRICE 

-6llSUL FULLY -IUYUABLE WIT* a Or U r U O r l V - m T .  
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mI.I-.CCI"".II r 0  Y I  1 UCCIUA, 'LACES 'OR ru,, -.*ti, M I ! "  
INL) x l r m r c  FV*IIT~OUS-.I .N ,T~ORDABLI PIIICC 
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U lD t  R I  . GlYDUS WATCH COYPAMY TMST YS IO  70 IFli roll 
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, . . I i u V i  . : ' l  . i l S I 6 4 5  . : , A .  A I195 
. ~ . . ,  .. .'.., ,,.i,,*:n,.mnnra.s,,l095 .: :..<>I. ,O*Y lul".G,<,  I295 

See September 1934 iswe of X? f a  TlMEVF(Trr Micle 

A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STV" you will 
receive a FREE LCD Calendar/Clock. 

CHIP EONAN24 sr nrr r  n r r r  r w n  n r  r rrrru 
2m i lo, EA O* i c  *OR s em 
nte  on ~r ou lo roa vom 
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I U S B O O I N L Y E m C R (  1 1", 
I I M D X Y I * L  YTmPCLOCIOE* .*ODgl"SII '" 
I U S  99 'e lNL MICRO P COLOR BIIAPMICZ AND 015VL.Y l P Y I  
I E ~ W I D R P I I U I n S U L I Y I I I I . .  toI"lTr..I , QV, 

APPLE .w r r m ~  1 8 .  muwma ..,.,.,,,,,,,,,, ,,.. ,,, ,,, C**utt*  S O ~ I W * ~ :  
Rl.,um,r - ,- - 0 "." C.."". .0111.1. 
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SUPPLIES 129 85 .nm mr cn~.rat .I ?, lo< $am,,' Only $19.95 per year (12 monthly issues) 
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IF YOU HAVE 
A SATELLITE 
SYSTEM, THEN 
YOU REALLY 
NEED ... 

W M O  ImPO(IUm* War15 W E I  rn 11111 BE SVIPRD 4 5 1  PA10 FXCIPI 
a #revs w*tar rmmrrr, c*raccs aar aroJ lsr rDaaaaar  r t s  ,*a* 
m iwrua .mra.i ua S O *  *wa,m r*o urrlwo cwracrs L*L:> 
YCWIGAM arr,rmrr rm  o. uLrr r u  w ~ u  m STAMP aa SAX rou ,arc 
rjrrlr ,>Nmr,* -4 AWUm lDSIAGt  IN U S  FUND3 hL',&/ HAL-TRONIX, INC. #== . a , .  - P.O. BOX 1 1 0 1  - DEPT. HR 

SOUTHGATE, WCH. 48195 "HAL" HAROLD C. NOWLANO 
PHONE ( 3 1 3 )  2 8 5 - 1 7 8 2  WBZXH 

, 

The best in satellite programming! Featuring: +All 
Scheduled Channels *Weekly Updated Listings 
*Magazine Format +Complete Movie Listing *All 
Sports Specials +Prime Time Highlights *Specials 
Listing and +Programming Updates! 

Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (1 04 weekly issues) 
$1 .OO for sample copy 

VisaIm and Mastercard'" accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STV@/OnSat @ 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1-800-438-2020 

# BEAM ANTENNA HANDBOOK 
by Bill Orr, W6SAl and Stu Cowan. W2LX 

The Beam Antenna Handbook. l!r$l published in 1955. 
has been completely rcv~sed and updated wlth the latest 
lnlormatlon on Beam Antenna deslqn Computer deslgned 
Yagls give maxlmum gain In mlnlmum space New info 

on Yagl HF and VHF beams and d~mensions on beams lor 10. I 8  and 24 
MHz WARC bands. Everything you need to know about beam deslgn, con. 
structlon and operation 204 ~llustrat~ons. 268 pages Is1 ed~tlon 1985. 
ILIRP-BA Sonbound 59.95 
SIMPLE-LOW-COST WIRE ANTENNAS 

by Bill Orr, W6SAl 
Learn how to bu~ld slmple, economical wire antennas. Apartment dwellers take 
notel Fool your landlord and your ne~ghbors wim some ol  the "~nv~sible" anten- 
nas found here Well d~agrammed 192 pages. ,1972 2nd editlon. 
URP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by Willlam I. Orr, W6SAl and Stuart Cowan, W2LX 
Contains luts of well Illustrated cunstructlon prolects lor verl~cal, long wire. and 
HFNHF beam antennas There IS an honest ludgment ol  antenna qaln f l g ~ r e ~ .  
inlormat~on on the best and worst antenna locar~ons and he~qhts, a long look a1 
me quad vs me yagl antenna. lnlormatlon on baluns and how to use them, and 
new ~nformatlon on the popular Sloper and Della Loop antennas. The text IS has- 
ed on proven data plus practical. on-lhe-a~r experience 190 pages 1978. 1st 
edihon 
LIRP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 

by Bill On, W6SAl - New 3rd Edition 
Includes NEW data lor WARC bands 
The cublcal quad antenna IS considered by many to be the best OX antenna 
because ol  11s s~mple. llghhvelght deslgn and h~gh pertormance You'll find quad 
designs lor evetyrh~ng lrom the slngle element to me mult~.element monster 
auad There's a wealth 01 data on conslructlon, leedlng, tunlng, and mounhng 
Quad antennas 112 pages ' ,1982 3rd edrtlon 
1-!RP-CQ Softbound $6.95 
Please add $1 M lor one Wok. I2 50 lor hro or more Woks lo cover shlpplng and handl~ng 

Ham Radio's Bookstore Greenville. NH 03048 
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Rob. WA3QLS Katherine, KA31YO Paul, WABQPX 

I 71 Meadow Road, New Castle, Del. 19720 302-328-7728 
Factory Authorized Dealer! 9-5 Daily, 9-8 Friday, 9-3 Saturday I 

I KENWOOD YAESU ICOM TENTEC 
MICROLOG KDK SANTEC KANTRONICS I 

800-441 -7008 
Order & Pricing 
New Equipment 

1 Larae lnventorv Daily UPS Service 1 
All Other Calls 
302-328-7728 

No Sales Tax 
in Delaware! 

More Details? CHECK-OFF Page 142 J 179 November 1995 123 



ARRL Q&A LICENSE MANUALS 
ALL LICENSE CLASSES NOW 
AVAILABLE! 
ARRL O&A License Manuals are keyed to the latest FCC 
Exam syllabi now in use by the Volunteer Examiners. 
These books are written in an easy-to-read converstional 
style that enhances understanding without scaring the stu- 
dent away. All technical subject areas are explained in clear 
terminology and with plenty of illustrations, dia rams and 
schematics. Rules are also fully covered. Each %?ok has 
the official ARRL multiple cho~ce question Pool w~th 
answers and a key to the FCC Exam syllabus for reference 
to other sludy publications. These are the study guides to 
have. All books 01985 1st Editions. 
I IAR-TG General Softbound $5.00 
! IAR-AG Advanced Softbound $5.00 
I- IAR-EG Extra Softbound $5.00 

HR CODE TAPES 
Formerly Kantronics Tapes 
These code tapes have been designed by experts to help 
you learn code. Several different methods are available for 
all classes of license. Transcripts enclosed for checking 
COPY. 
Gradient Tapes. (Slowly Increasing In speed) 
I IKT-NG Novice 4-9 WPM $6.95 
I JUT-GG General 7-15 WPM $6.95 
[]KT-EG Extra 13-23 WPM $6.95 
OSO Simulation Tapes 
LJKT-QSO1 7.5, 10, 13 & 15 WPM 1 hour $5.95 
nKT-OS02 7.5. 10. 13 & 15 WPM 1 hour $5.95 
r IKT-QSO13 13 WPM 1 hour $5.95 

ANTENNA COMPENDIUM edltsd by ARRL St#! 
Th~s book has more than 20 antenna articles that have 
never been published before. Subjects covered include: 
Quads. Yagis, Phased Arrays. Log Periodic?,, Subsurface 
Antennas, "The Old Spruce Antenna", as well as discus. 
sions on Smith Charts, antenna design, the G5RV multi- 
band antenna and antenna polarization Great summer 
readlno and full of Ideas for Fall '85 antenna Dro~ects 
(cj1965. 1st Edition. 
LIAR-AC 

. . 

Softbound $9.95 

AMECO STUDY GUIDES 
Deslflned tor VEC Exams 
AMECOA Study Guides are taken from the FCC Amateur 
Exam syllabus, PR-1035 and have answers keyed to 
ARRL's recently released study material. These sludy 
guides are compatible with ARRL and all other VEC Exams. 
While nothing can guarantee that you will pass. AMECO 
Study Guides will make sure, that you are fully prepared 
and ready to go when you s ~ t  down for the exam, Written 
in clear, concise, eas to read format, each queshon fully 
explained. Novice anr!heneral books cross refqrenced to 
AMECO's 102-01 for a more thorough explanahon. 
321-01 Novice Class Softbound $2.95 
E12-01 General Class Softbound $4.95 
(-126-01 Advanced Class Softbound $4.95 
1717-01 Extra Class Softbound $4.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 
by Cpl. Paul H. Lee, USN (Ret.). NGPL 

This is the only book dedicated to the vertical antenna and 
will be of interest to all those using or looking to use the 
vertical design. Based upon the author's years of work 
with a number of different vertical antenna designs, you'll 
get plenty of theory and design information along with a 
number of practical construction ideas, Included are 
designs for simple 114 and 518-wave antennas as well as 
broadband and multi-element directional antennas. Paul Lee 
is an engineer and avid ham and IS Amateur Radio's resi- 
dent expert on the vertical antenna. 01984, 2nd ed~tion. 
OCO-VAH Softbound $9.95 

COMPUTER WIMP 
BY John Bean 

"166 th~ngs I wish I had known before I bought my first 
computer." Based upon ten years of oflen frustrating ex.. 
perience, this light-hearted, text is designed to help you 
learn about computers and to make intelligent decisions 
about their purchase. Author Bean first examlnes cqmmon 
p~lfalls about purchasing a computer. He then examlnes 
warrantees, how to deal rat~onally with malfunctions, how to 
buy by mail, how to talk "technobabble" or computerese, 
how to avoid computer phob~a, games, software piracy and 
much more. 1st Edition 285 pages 81983 
OTP-CW Softbound $9.95 

COMMUNICATIONS SATELLITES 
bv l a r r  Van Horn 

 ere'; the most exhaust~ve text ever wntten about com- 
munlcatlons satell~tesl Easy-1o.read text along with plenty 
of pictures and ~lluslrahons make this new book a ver~tab 
oold mlne of ~nformat~on N~ne chaoters Include OSCAR 
keather, domesic and international communications 
satell~tes, OBS, space shuttle, U.S. Military and space 
surveillance systems and Soviet Space program. Also in- 
cluded are four appendices on satellite frequency cross 
references, satellite,compendium, current geostationary 
satell~tes and a bibl~ography. Must reading for all satellite 
users. 01985 1st edition 216 pages. 
LIGE-CS Softbound $12.! 

THE COMPLETE DX'ER 
by Bob Locher, WKNI  

DX'ing can be as simple as turning the rad~o on and 
searching across a band, or it can be hours spent studyii 
propagallon reports, sunspot figures and the OX newslet- 
ters looking for tidbits of information. The first part of t h ~  
book is designed to teach the reader OX'ing fundamental: 
Part two is for the "over 200 countries worked" operato 
and has plenty of handy tips, aids and ideas. Part three i 
full of more esoteric hints for the "over 300 countries 
worked" operator. This book tells all and should be re- 
u~red reading before anyone starts thew quest for DXCC 

h e n  i t  you don't care about DXCC. Bpb's easy-to-read 
style of writing IS most enloyable read~ng. 01984, 1st 
ed~t~on 
 ID-DX Sonbound $10. 

UNDERSTANDING DATA COMMUNICATIONS 
(Includer Packet I n f o d o n )  
By G. Friend, J.L. FIB, H.C. Baker and J.C. Bellamy 
Covers basic concepts of data transmiswon and receptio~ 
asynchronous and synchronous protocols, error control z 
neworking data communications systems. Data termlnah 
are fullv discussed as are messaoe and transmission ter- 
minals.~modems and interfaces, fiber optics and satellite 
communications systems. Packet Networks and standard 
are covered with information on X.25 switching architec- 
ture. 0 1984 1st edition 272 pages. 

TI-UDC Softbound $14 

Ham Radlo has many other books in stock not shown here. 
Call or write today for your free catalog or to place an order. (603) 876-1441 8-4 EST 

Please enclose $3.50 with your order to cover postage and handling. 

ANTENNA DESIGN go back and edit the entry. Super Lo also allows YOU to 
This self-prompting program covers dipoles, Yagis, long print out either selected contents or i e  whole log Will 
wires, rhomb~cs, quads, loops, verticals and other anten- print OSLs. 
nas. You simply enter the frequency you are designing an OHD-SL (For C-64) s19.95 
antenna for, the antenna you want to make, and the comb 
puler will give you all the initial design specifications you 
need. The results can be stored on disk for permanent 
retention. CONTEST LOG 
UHO-AD (For C-64) $9.95 This disk contains four different contest programs; ARRL 

Sweepstakes, Field Day, Universal WW Contest log, plus a 
dupe checking routine. Each program is designed for real 
time use. It automatically enters date, time, band and 
serial number tor each contact. A 24-hour clock is PROPAGATION CHART displayed at the top of the VDT screen. When the contest 

Invaluable addition to any Hamshack. The Propagation is over, the program will print your results listing all duped 
Chan allows ou to determine the maximum usable Ire- and scored contacts in serial sequence with all the 
quenc (MUF! and the optimum frequency (FOT) between necessary information as well as completed score at the 
your ~ T H  and any spot on the globe. You can get e~ther a bottom of the page. 
screen display, a printed tabular list over several days, Or a oHD-CL (For C-64) e4.95 
grinled graph of MUF and FOT. You also get automatic 
eam head~ngs and distance to the OX station. Covers 

16010 meters and the new WARC bands. MASTER LOG CIHD-PC (For C-64) s16'95 Over three ears of development went into this program. It 
creates a fire of 2100 individual records with up to 13 dif- 
ferent entries per record. Master Log can do a search and 
select based upon time, frequency, mode or an of the 

SUPER LOG other variable ararneters. It keeps track of D X ~ C  and WAS 
Super log gives you all the advantages of a computerized status, prints ~ S L  labels and can search its whole file in 
data base without significantly changing the traditional log less than 5 seconds! Complete documentation is included 
format. For contesters. Super Log can be configured to to help you learn and use this truely state-of-the-art Ioggirlg 
either manually or automatically enter contact number as program. 
well as time of contact. Make an error and you can easily DHD-ML $28.95 

 ere'; Radio Amateur, the best source Besides book covering of computer computer programs basics, this for t 
book gives you programs that will help you log, determil 
sunriselsunset times, track the Moon's path across the 
sky, use Greyline propagation and set up record system: 
for WAS. DXCC and VUCC, or any other award. You car 
either buy the book alone or you can buy the book with 
the programs already on disk. Take full advantage of yo1 
computer with this well written source book. 01984. 1s 

327 pages. 

Propram Llrtlnp 
Data srra Hgmt. 

Awards Oats Base* 

zF&?~!$f d ~ ~ D i s p l a y ,  Sunrise Chart, 
Greyline, DX Checker 
Contest and Duplnp 
Du echecker. General Contest Logger, 
~ i e b  Day Logger, Sweepstakes Logger, Log Print 
Antenna Pmpramr 
Antenna Scaler. Matching Evaluator, Vertical Pattern Plot 
W E  
E ~ E  system Calculator, sky Locator, Moontracker 

OHA.0657 Softbound $17 
OHA-0857 book wlth pmpnm dlsk 

specify computer (see list below) 
528 

OPmpnm dlsk alone $19 
specify computer (see list below) 

Programs available for: Apple Il (DOS 3.3), IBM PC-MIS 
TRS-80 Model I and Model Ill and Commodore C-64. 
Please mark your order with the program disk you want 



R l l ' Y  MAILBOX #SO 
for Vic 20 and C-64 Computers 

Turns your Commodore home computer lnto a powerful. 
easy to-use message handllng system Messa es can be 
stored, read or deleted by elther lncomlng R A Y  slgnals or 
by uslng the computer's keyboard Each message IS lhsted 
In a directory by llle name, along w~th  date and tlme 01 
message Inltlatlon The Bas~c/Assembly language sotware 
combines h~qh speed wlth user lr~endly lpatures and lully 
controls your transmitter and recelver mth automatlc 
Ident~f~catlon, an optlonal spec~al messa e and automahc 
transmlsslon of date and ttme durlng M!O use You can 
also use thls pro ram to operate dlrect RT'N and 60. 67. 
75 or 100 wom iaudot or 110 baud ASCII Vlc 20 needs 
24k 01 memiry to use th~s program 
VC-CP Use wlth AEA CP1 tnterlace & equlv $79.95 
VC.MFUse wth MFJ interlace 8 equlv $79.95 
VC-KT Use w~th Kantronlcs ~nterlace & equlv $89.95 

R F  N O E S  by John SImmm. W O I  
Heres an easy wa to et answers for onen asked elm- 
trontcs queshons k~ N ~ T E S  contalns programs wnnen by 
RF consulnng engineers that answer dB convemon to 
convert voltage, current or power levels to dB d8m con- 
vewons, converts voltages or power levels to dBm and 
dBm to voltaqp or power VSWR calculahons calculates 
VSWR and return loss when both reflected and lnc~dent 
powers are known. Ftlter desrgn 14 d~flerent filter configur- 
anons lnclud~nq Schemahcs (6 low pass 4 hlgh pass 2 
band pass and 2 band ellmlnat~on clrcults) Baoc Mtcm 
slnp and basfc stnp Bne deagn and resonant ctrcvls. 
deslqn parallel and senes resonant clrcults PI capacbve 
Impedance dlvlder and lnduct~ve lmpedence dlvlder Thls 
dlsk IS an invaluable relerence lor all Radlo Amateurs 
Graph~cs cards requ~red 
E-RF (IBM PC only) Monochrome Monitor $59.95 
E-RFC (IBM PC onty) Color Monitor 559.95 

CONTENDER II LOGGING DATABASE 
(Commodore C-64) 
Thls Commodore C-64 program will meet lust about every 
logglng need you can lmaglne It can be used as a contest 
log general log or dupe checker and can be used lor all 
band WAS WAZ or DXCC The storage dlsk holds up to 
2 OW exchanges and can be edited and updated slmply 
and easlly Each entry contalns calls~gn, slgnal reports 
automatlc or manually enlered tlme and date band and 
mode ds well as name and OTH Contender wlll also pnnt 
OSL s, mall labels and contest dupe sheets The Contender 
USA-CA (three dlsks) IS a Worked All County data base 
that saves tlme and hassle and a tremendous amount of 
paperwork. 
I CT.C Bas~c Contender (C.64) 1 disk a . 9 5  
I I CT-CUSA Contender Plus USA-CA (C-64) 3 disks $49.95 

PACKET RADIO THRU SOFTWARE 
AX.25 Pmtocol 

You can get on Packet Radio two ways One is wilh a 
sophishcated "black box." The other IS by making your 
computer act like a "black box" by pro rammlng it in a 
h~gh level machine language code. W4U!H has wnnen a 
machlne language program for the Radlo Shack TRS-80 
Models 1. 3 and 4 computer (Model 4 works with Model 3 
disk while In Model 3 mode). Th~s book has twelve chap- 
ters plus seven appendices that take you step by step 
through lhe process of SeIting your computer to first con- 
vert the digital inlormanon Into a useable formal and men 
to decode the inlormatlon : 1984. 3rd edltlon 
L JRE.AX Sonbound f21.65 
I IRE-MI Model 1 DlSk f20.W 

No Documentation included 
r IRE-MIII ~ o d s l  nl s r OIS~ m.w 

No Documentat~on included 
I IRE-80 speclal book and dlsk $49.95 

ISoeclfv dlsk: Mod. I or Mod. Ill) 

COMPUTERIZED DX EDGE 
Generate p u r  own Greyllns displq. 
Xantek has adapted the~r bps1 selltng DX Edge to the com- 
puter world and 11 comes at a very reasonable pnce Thls 
computer~zed operating a~d bnngs lnto your ham shack the 
abllhly to know and pred~ct when and where OX 1s golng to 
appear When you are using the program Me computer 
will automatically update the ~nlormat~on as the sun pro 
gresses across the face of the Earth To make the com 
puter~zed DX Edge even easler to use the display IS keyed 
to the DXCC list and the 40 CO zones Dlsk and documen- 
tatlon are lust $34 95 Thls IS something you ve Got to 
have1 1985 
t <XN-CM (For Commodore C-64) 34.95 

AEA MORSE UNIVERSITY 
Contalns . C 64 code tralnlng cartridge sotware package 

(no dlsk or cassette necesssary) 
. ARRL's Tune In The World With Ham Radio 

Greal NEW way to study lor your Nov~ce Llcensel 
Thls brand new package contalns all one needs to learn me 
code and theory lor me Nov~ce class Rad~o Amateur exam 
B~SIC code IS taught uslng a character by character teach 
Inq rouhne Pract~ce can be elther w~th lndlvldual letters or 
In groups ol  up to nlne characters Proficiency ~sdeveloped 
through pracbce sesslons mat can be progressively 
speeded up dunng the sesslon e~ther random characters 
or five letter groups Farnsworth (h~gh s eed characters 
slow spaclng) or slow speed sendlng A ~ A  has lncorported 
a v~deo game to make the code learnlnq process even 
more fun You can also enter text lrom the keyboard for 

customized practlce sessions or as an example ol  how 
code should sound An analysls routlne 15 ~nc l lmd  $0 that 
me computer can check on? s progress In learn~ng the 
code ARRL June In The World booklet will glve you all 
you need to know to pass the Novlce theory and regula. 
tlons Exam Great state 01 the-art teachlng dev~ce Sure lo 
be a h ~ t  this fall Get one now I t s  a great hollday season 
ntltl . .  . 

ham ~IAEA-MU (For C-64) $39.95 

~ ~ ~ ~ O , ~ ~ - B O O K S T O R E  GREENVILLE, NH 03048 



The Model DX-A combines the tremendous firepower of the qwrkr 
wave sloper with the wide bandwidth of a half wave dipole. Siml 
t o  install, quick t o  tune. Proven longhaul DX performanc- 

Installs llke an Inverted-V dlpole. One leg down. A slngle "150-RES" lsol 
for 80 meters (67') and the other leg for Is used In the 160/40 meter ley. 
160/40 meters (55'). Fed wlth a single Curmnt lobs up high for maximum rat 
SO ohm coax. 50.239 connector provided tlon and excellent OX performance. Can I 
on mounting bracket. Installed from 25 to 40' hlgh. 

Conflguratlon pmvldrs wide bandwidth The Model DX-A Antenna Is fullylSmn 
on all three bands. T)rplcally 70 kHz on bled. uses all stalnless steel hardware. a 
160 meters. 200 kHz on 80 meters and full UV.pmtected "ISO.RESh coil. *I2 copper 
band on 40 meters. Much wlder than most wire and Is rated for severe envlmnments. 
other loaded slopers. dlpoles or verticals. Specially coated wire disappears from your 
nne r  usuallv not reauired. neighbors' view. 

Model DX.A also operates on 30-17-12 Available f rom 
meters. VSWR of less than 2.5:l. Easily V O U ~  local 
matched w ~ t h  a tuner. Alpha Delta Dealer 

Hiah-wwsr overation. Rated at 1500 @4BD5 or add $4.00 shipping 
watt; P'EP outbut. NO traps to break and handling (USA only). 

,Ie 

tor 

P.O. Box 571 Cenlerv~lle. OH 45459 
(513) 435-4772 Orders (513) 376-4180 Antenna Tech Info 

current solutions to current problems 

[@!a OF SPECIALIZED 
L AI COMMUNICATIONS! 
Thousands of "Ham Radlo" 

operators across the country 
are  enjoying "Speclallzed 
Communicat ions"  modes. 
Whether it's FSTV, SSTV, FAX, 
OSCAR. EME, RTTY, PACKET 
or COMPUTERS, today's Radlo 
Amateur Is a highly skilled 
Communlcatlons Speclalist! 

Prov ld ing fu l l ,  In -depth  
coverage of these modes is our 
business and we've been do- 
Ing ll now lor over 19 years! 
And now we're expanding! 

Iowa Rcsldenls Must 
AW 4% SdLs Tax 

4% Awed To A l l  
Charge Cald Orders 

Now published "monthly" 10 tlmes 
per year, SPEC-COMn readers are kept 
u p t e d a l e  In  a world of fast moving 
modern technology. 

Why not give us a try? Back Issue 
samples are available for just 52.00 ppd. 
(Master Article Indexes add $1.00). 

Special Six Month Trial Subscrlptlon 
.$10.00. U.S.ICanadalMexico Annual 
Subscrlptlon $20.00. (Foreign Subscr lp 
l ions slightly higher). 

SPEC-COM" 
Amateur R a d l o  S p e c i a l i z e d  

Communication Journal 
P.O. Box H 

Lowden, Iowa 52255 
(319) 944-7669 (Membership Senices) 

-\ 
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AZOTIC INDUSTRIES 
2026 W. BELMONT 
C H I C A G O . l L 6 0 6 1 8  

31 2-975-1 290 

ELECTRONIC COMPONENTS b SUPPLIES 
RF CONNECTORS . InC CONNECTORS 
ilCiCONNECTORS . 0-SURMINIATURE 
AUDIO CONNECTORS . TEST EOUlP 
LINEAR IC S TRANSISTORS 
DI(L1TAL IC S DIODES 
TRANSFORMERS . TRIM CAPS 
METERS . R E L A Y S  

COMPUTER CA81ES . SWITCHES 

DISKETTES . TOOLS 

VISIT OUR RETAIL STORE 
HRS. MON-FRI 10-5 SAT 10-2 
PHONE ORDERS WELCOMED 

312-975-1290 , lm 

STATION 
MANAGERIADVANCED 

A General Purpose Logging Program 

Designed lor the IBM. PC,' XT." en- 
hanced PC Ir." Menu dnven; prompts lor 
easy use; lull color displays: multiple logs 
(each up to 1.000 entries with user editing). 
several reporting methods including one by 
partial callsign. 
FALL SPECIAL 
559.00 ~ncludes 90 pg. User's Guide & 
D~skerle (source code ~ncluded) 
520.00 - User's Guide only (may be applied 
lo lull purchase price) 
Ohlo res!denls include sales lax 

OMEGA CONCEPTS 
Pmfsraional soltwn lor the Radio Amateur'" 

P.O. Box 615 1.1. Jones (KBIWA) ,. 0H.U. R A"- , 183 

IBM tr a reg~slered Iradrrrinrk ol Internallonal Buslnesr 
Machlw Corp 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The mos t  comple te  repair facil i ty on 
t h e  East Coast.  

Large par ts  inventory and factory 
author ized warranty service for  

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years, no rig 

too old or  new for us. 

4033 Brownsville R o a d  
Trevose, Pa. 19047 

-' 21 5-357-1 400 



"HAM HOTLINE" 
THE PROVEN MONEYMAKER 

The "Ham Hotline" 1s a complete 
mailing list of novlce amateur radio 
operators and current hams who have 
renewed, upgraded or modifled their FCC 
licenses. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publications. 

The Hotline IS UPDATED EVERY 
TWO WEEKS with an average of 8.000 
names and addresses each month. And. 
because we know the Hotline IS the most 
up-to-date amateur radio listing available. 
we'll guarantee 98% deliverabrlity. 

Target your sales efforts to your most 
likely buyers. Call DCC Data Service to- 
day and begin your subscr~ption to the 
"Ham Hotline" . . . the proven 
moneymaker. 

I)CC Data Service / lU 
1990 M Street. N.W. Suite 610 - Washington. D.C. 20036 

Toll-free 1-800-431-2577 

I n  DC & AK 202-452-1419 - 
p l l l l l l I l l  
I FREE CATALOG! 
' 

Features Hard-to-Find Tools 
and Test Equipment 

- 
Jensen's new catalog features hard-to- 
flnd precision tools, tool kits, tool cases 
and test eauipment used by ham radio 

the top to you 
1N brings the tc 
~u with its patenrea aeslgn. 

r u r  the ultimate "on the ground" 
service and antenna installation, 
a RQHN "Fold-Over" Tower is your . 
best' buy. Your safety comes first with 
"Fold-Over." For complete details write: 

I agencies. Call or write lor your lree copy I 1 - - today. / 1115 

JENsaNI 7815 Phoenlx. S. 46th AZ 85040 Street I 1 
TOOLS INC. (602)968-6231 - 

b 

SPS 
DIST. -71' 

F l ~ ~ E R  +- 

./' 

7 
Complete Line of 

Satellite Receiving Systems 
SPS 

San Pierre, IN 
(219) 828-7255 - 828-3091/ 

Model PT-2 IS a continuous tunrng 6-160 meter Pre-Amp 
and master power slatlon control. It 1s specifically des~gned 
for use with a transceiver. The PT-2 contains new soph~stl- 
cated control circuitry that permits it to be added to virtu- 
ally any transceiver with No modification. No serious ham 
can be without one. Olher features include: 'Improves sen. 
sitivity and signal-to-noise ratio. 'Boosts signal up to 26 
db. 'For AM or SSB. 'Bypasses itself automatically when 
the transceiver is transmitting. 'FET amplifier gives super- 

ior cross modulation protection. 'Advanced solidstate circuitry. 'Simple to install. 
'Improves immunity to transceiver front-end overload by use of its built-in-attenuator. 
'Provides master power control for station equipment. 
Model PT-2 . . . 117 V. 60 Hz. / 1Cn 
Model PT-2E . . . 220-240 V.. 50-60 Hz. 
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"TRoDUCING NEMAL ASTROTMSERV/CE 
GUARANTEED SAME DAY SHIPMENTOR WE PAY THE FREIGHTON ORDERS O F  $100 OR MORE 

FOR STOCK ITEMS RECEIVED PRIOR TO 12 NOON EASTERN TIME. 

Factory Authorized Distributor for 

COLUMBIA ELECTRONIC CABLES 
DIVISION CAROL CABLE COMPANY 

COAXIAL CABLES 

I Over 75 types in stock, available in full roll or cut to order. 
Nemal offers cable made to both rnllitary as well as com- 
mercial speclflcatlons lncludlng Teflon cables, Silver plated 
cabies and hlgh power RF cables. 

MULTl CONDUCTOR CABLES 
Large inventory of both shielded and non-shielded types from 2 
to 120 conductor and from 10 to 24 Gauge. Jacket types 
available for specific applications including PVC. ..- 
Polyethylene, and neoprene. Complete Columbia line. 

I COAXIAL CABLE SPECIALS I 
RGBIU mil spec 96% copper shield polyethylene $2911 00' 
RGBIU (EQ Belden 8214) 96% copper shield foam 5311100' 
RG58IU mil spec 96% copper shield polyethylene $101100' 
RG62AIU mil spec 96% copper shield 9 3  ohm $1 411 00' 
RG213lU mil spec 96% copper shield noncontam $3611 00' 
RG214lU t inned coooerdouble shield $6511 00' . 

NEMAL ELECTRONICS INTL., ANC. 
12240 N.E. 14th Ave., No. Miami, FL 33161 Telephone: (305) 893-3924 TELEX 532362 

COMPLETE 'Also available Complete line of WE'LL BE GLAD TO 

MULTICONDUCTOR top quality connectors and SMAN equipment CUT ANY OF OUR 
LINE FRANCHISED DISTRIBUTOR - KINGS CONNECTORS CABLES TO MEET 

PRICING 
F~~ Authorized Distributor: Amphenol, Blonder.Tongue. Cable Wave Systems. Tyton, B&K YOUR EXACT LENGTH 

AI I OIIANTITIES 'Call or wrile for complete pricing REOUIREMENTS 
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/ product \ 

REVIEWS 
Butternut HF-2V vertical 
antenna 

About seven years ago, Butternut burst on the 
scene with one of the first "new" antenna ideas 
for the Amateur market. Their HF-5V was a five- 
band, no-trap antenna that covered 80-10 
meters. I was one of the first to get one for 
review and was very much impressed with its 
performance. In head-to-head competition with 
comparable antennas, the Butternut always was 
at least one S-unit stronger during on-the-air 
tests. Owners of Butternut's current model, the 
HF-GV, have told me that it does equally well. 

Recognizing that the six-band HF-6V was 
little short for 80 and 40 meters and the fact that 
the high bands are going to be at best marginal 
for the next few years, Butternut modified their 
basic antenna design to optimize performance 
on 80 and 40 meters. The net result is the HF-ZV 
antenna. The HF-2V incorporates all of the 
design features of the HF-6V - stainless steel 
hardware, T-6061 aluminium tubing, for strength 
and a double-walled base section for even more 
structural integrity and no traps. 

the antenna 
As with any antenna project, the first task was 

to read the instruction manual from cover to 
cover and take a full inventory of all the parts 
and hardware. All you need to assemble the an- 
tenna is a blade screwdriver, pliers, and a knife. 
A set of nut drivers would also be handy. 

Assembly is straightforward and should only 
take an hour or so to accomplish. Identification 
of parts and hardware is easy if you use the 
schematic diagram that comes with the unit. The 
antenna is constructed of telescoping aluminum 
with sections held together with stainless nuts 
and bolts. 

The antenna is loaded four feet from the base 
with an LIC combination made of very heavy 
duty aluminum wire and high voltage transmit- 
ting mica caps. Since the antenna is almost a 
full quarter wave on 40, very little of the #meter 
coil is used to tune the antenna. Should there 
be too much inductance for 40, a shorting strap 
is provided. The antenna is impedance matched 
at the base with an adjustable coil. 

about radials 
A lot of fuss is made about radials for vertical 

antennas and rightfully so. Many of those who 
install verticals constantly complain that the per- 
formance is less than was expected. In a major- 

ity of the cases, the prime reason is that there 
were either no radials or an insignificant number 
of radials under the antenna. In Butternut's opin- 
ion, it's best to assume that the earth you're 
working over is poor and that you'll need to 
engiheer an artificial ground of your own. Radials 
can be either buried or laid atop the ground, 
whichever is easier. In general, it's better to in- 
stall more short radials above ground than to lay 
just a few long ones. 16 50-foot radials will work 
rather well in most installations. The ideal radial 
system would include 120 resonant radials, 114 
wave on each band. Needless to say, that is 
beyond the capabilities of most of us. 

checkout and adjustment 
Tune-up is simply a matter of adjusting the 

two loading coils for minimum SWR and adjust- 
ing the base impedance matching coil to cor- 
rectly match the coax. As mentioned before, be- 
cause the antenna is almost a full 114 wave on 
40, very little inductance is needed to tune the 
antenna. To set up and tune it, you need to first 
short out a full seven turns of the 40 meter coil. 

Now it's simply a matter of tuning the antenna 
for the lowest SWR on first 80 and then 40 
meters. The next procedure is to attach the base 
step-up transformer and match the feedline to 
the antenna. This is a little trickier than it sounds, 
and took me more than a few minutes to accom- 
plish. In order to get a proper match, you either 
expand or compress the coil to increase or de- 
crease the inductance needed to get a proper 
match. I found that no matter how much I 
changed the coil, I couldn't get a proper match. 
Sometimes drastic measures are necessary; I 
used one here, reasoning that no matter how 
much I expanded the coil, I still had too much 
inductance to match the antenna. So I cut the 
coil in half, reattached it, and again applied 
power. The result was that the antenna was 
nearly matched and required only one minor 
change to complete tune up. 

optional accessories and top 
loading 

Butternut offers a number of accessories you 
can use to tailor the HF-2V to your own personal 
needs. As most low band operators will know, 
top loading antennas is a very practical way to 
make short antennas perform better. The top 
loading kit gives you four 25foot stranded "um- 
brella" wires and insulators. The "umbrella" is 
designed to improve the overall antenna perfor- 
mance on 80 meters (and 160 with optional TBR- 
160 160-meter base loading kit). It will also im- 
prove the bandwidth of the antenna to over 100 
kHz on 80 and approximately 35 kHz on 160 
meters. Butternut also has a 30 and 20-meter 
resonator kit that can be added to the antenna. 
Unfortunately, you can only add one or the 
other, but not both. 

operation 
I've had this antenna up now for several 

months and have used it on both 80 and 75 as 

FRESH STOCK -NOT SURPLUS I TESTED - FULLY GUARANTEED ( 
2-30 MHz 12V (' =28V) 

PIN Rating Each Match Pr. 
MRFIOg 20W $14.50 $32.00 
MRF412,IA BOW 18.00 45.00 
MRF421 l00W 25.00 58.00 
MRF421C 110W - 60.00 
MRF422' 150W 38.00 82.00 
MRF428,IAB 25W 18.00 42.00 
MRF428* 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435' 150W 42.00 90.00 
MRFU9,IA 30W 12.50 30.00 
MRF450,IA SOW 14.00 31.00 
MRF453,IA 60W 15.00 35.00 
MRF454,IA BOW 18.00 36.00 
MRF455,IA 60W 12.00 28.00 
MRF458 BOW 20.00 46.00 
MRFlsO 60W 18.00 42.00 
MRF464' BOW 25.00 60.00 
M R F W '  40W 18.75 46.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF465' 15W 8.00 15.00 
MRF492 W W  18.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3862 l lOW 28.00 80.00 
SRF3775 75W 15.50 34.00 
SRF3795 85W 18.50 37.00 
CD2545 SOW 23.00 52.00 
SD1078 70W 17.00 40.00 
SO1451 50W 15.00 36.00 

Selected Hlgh G a ~ n  Matched Quads Ava~lable 

MRF212 
MRF221 
MRF222 
MRF224 
MRF231 
MRF234 
MRF237 
MRF238 
M RF239 
MRF240 
l X f 2 4 5  
MRF247 
MRF250 
MRF260 
MRF261 
MRF282 
MRF264 
MRF607 
MRF841 
MRFBU 
M R F W  
M R F W  
2 k 3 W '  
2NU27 
2N5591 
2N5642' 
2N5945 
2N5946 
2N6080 
2N8081 
2N8082 
2N8083 
2N80M 

VHFlUl 
Rat~ng 

low 
15W 
25W 
40W 
3.5W 
25W 

4W 
30W 
30W 
40W 
BOW 
75W 
50W 

5W 
low 
15W 
30W 

1.75W 
15W 
25W 
40W 
60W 

1W 
1W 

25W 
20W 
4W 

low 
4W 

15W 
25W 
30W 
40W 

YF TRANSISTORS 
MHz Net Ea. Match Pr 

136.174 $16.00 - 
136-174 10.00 - 
136.174 14.00 - 
136.174 13.50 32.00 
66-88 10.00 - 
66.66 15.00 39.00 

136.174 3.00 - 
136-174 12.00 - 
138.174 15.00 - 
138.174 18.00 - 
136.174 28.00 85.00 
136-174 27.00 83.00 
27.174 20.00 46.00 

136-174 7.00 - 
136.174 9.00 - 
136-174 9.00 - 
136.174 13.00 - 
136-174 3.00 - 
407-511 22.00 - 
407.512 24.00 54.00 
407.512 28.50 59.00 
407.512 33.00 89.00 

30.200 1.25 - 
136.174 1.25 - 
136-174 13.50 34.00 
30.200 13.75 34.50 

107.512 10.00 - 
407.512 42.00 .- 
136-174 6.25 - 
136.174 7.50 - 
138.174 8.90 - 
136-174 9.30 24.00 
136.174 11.75 28.50 

TMOS F R  
MRF134' 5W 2-200 $10.50 - 
MRF137' 30W 2.200 22.50 - 
MRF138" 30W 1.5-150 35.00 - 
MRF150" 150W 1.5-150 80.00 - 
MRF172' 80 2-200 85.00 - 

Selected, matched finals for Kenwood. Yaesu, 
Icom, Atlas, etc. Technical assistance and cross. 
reference information on CD, PT, RF. SRF. SO PINS. 

QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC 

INFORMATION AND CALF. ORDERS: (619) 7460728 
OUTSIDE CALF. ORDER DESK. 8OlM54-1927 



ANTENNA SALE 
HYGAIN TOWERS 
H(>.'liSS . . . . . . . . . .  
HG52SS . . . . . . . . . . . . . . . .  
HG54HD . . . . . . . . . . . . . . . . . .  L 
HGiOHD . . . . . . . . . . . . . . . . . .  L 

CUSHCRAFT 
A5 205 00 
A4 . . . . . . . . . . . . . . . . . . . .  27500 
R3 255 00 
40-CD2. .  . . . . . . . . . . . . . . . . .  275 00 

AOP 1 137 00 

KLM 
KT 34A. . . . . . . . . . . . . . . . . . . .  329 00 
KT34XA . . . . . . . . . . . . . . . . . . .  47500 
432-20LBX. . . . . . . . . . . . . . . . .  64.00 

HYGAIN 
TH3JR 

HUSTLER 
25% OFF ALL MOBILE 
GRTV . . . . . . . . . . . . . . . . . . . . . .  125 00 

AEA 
144SR . . . . . . . . . . . . . . . . . . . . .  42 00 

BUTTERNUT 
HFGV. . . . . . . . . . . . . . . . .  11000 
HFZV . . . . . . . . . . . . . . . . . . . . . .  11000 

RG2 13U $ 26lfoot 

ROTATORS 
C045 . .  . . . . . . . . . . . . . . . . . . . .  139.00 
HAM IV . .  . . . . . . . . . . . . . . . . . .  228.00 
T2X . . . . . . . . . . . . . . . . . . . . . . .  275.00 

AVANT1 2M . . . . . . . . . . . . . . . .  29 95 
HI -0  BALUN 9.95 

well as on 40 meters and have been quite im- 
pressed with its performance. On 80 the anten- 
na has performed as well as my 1 /+wave sloper, 
and actually outperformed it in certain directions 
and conditions. When Ron Wright was on 
Tonga, A35EA. I was able to work him through 
a fair-sized pileup without too much difficulty. 
Not being a fan of 40 meters, my operating ex- 
perience there is admittedly spotty. But this 
antenna has performed very well and I've been 
able to work just about everyone I called. 

The Butternut HF-2V is the perfect antenna 
for those who want good low band performance 
without investing a lot of time and money instal- 
ling a larger antenna. It's performance is corn. 
parable with a number of other antennas, and 
HF-2V owners will get years of excellent results 
with this antenna. 

It's interesting to note that the recent DX'pedi- 
tion by the Texas DX Society took a Butternut 
HF.2V to the island of Desescheo. Used with the 
optional TBR-160, it accounted for thousands of 
contacts on 80 and 160. The expedition members 
have reported that the antenna was a breeze to 
set up and performed flawlessly. I remember that 
during that operation, night after night, they 
came pounding through with perfectly Q-5 
signals on 160. 

specifications 

weight 131 poundsl5.9kg 
height 32 feetl9.75 meters 
feedpoint impedance 50 ohms 
VSWR at resonance 1.511 over a suitable 

ground 
VSWR < 211 65 kHz on 80, full band 

on 40 
power rating 2 kW PEP11 kW CW 

(less with TBR-160) 
wind no ice 80 MPH1125 kph when 

properly guyed 

-de NlACH 

MFJ-204 antenna bridge 
The MFJ 204 Antenna Bridge is designed to 

do three basic tasks: measure antenna impe- 
dance, measure resonant frequency. and to tune 
antenna tuners "off the air." It's a handy piece 
of test equipment that every ham should have. 
There are several reasons that an antenna bridge 
is a much more versatile tool than its cousin the 
noise bridge. The noise bridge is basically a wide- 
band oscillator that can be used to roughly deter- 
mine resonant frequency or impedance of an 
antenna. I say "roughly" because the wideband 
oscillator is difficult to use, is imprecise and can 
sometimes give misleading results. The antenna 
bridge, on the other hand, has a tunable oscil- 
lator that can be set to the precise frequency you 
want to work on. The MFJ 204 covers 1.6-2.5. 
3-4. 7-11, and 13-30 MHz so you get full cover- 
age of all HF Amateur Radio bands. 

To measure antenna impedance, the fim thing 
you do is set the oscillator to the frequency you 
want to  work on. This is done by loosely coup- 

ling the antenna bridge to your receiver and lis. 
tening for the beat note. You then connect the 
antenna bridge to the antenna to be measured 
and adjust the resistance control for a dip on the 
antenna bridge's meter. Once you get this dip, 
you flip the bridge over and read the resistance 
from the factorywalibrated chart on the back of 
the unit. On my 160 vertical antenna. I measured 
an impedance of 35 ohms. just about where it 
should be. 

Using the antenna bridge to both measure res- 
onant frequency arid tune an antenna tuner is 
pretty much the same process. When used with 
an antenna tuner, the antenna bridge eliminates 
one of the most annoying aspects of the hobby 
- the ubiquitous and infamous "tuner-upper." 

The MFJ 204 measures2-112 x 2 x 7 inches 
and weighs just about a pound. It will run off 
a 9-volt battery or an optional 110-volt AC power 
supply. It's covered by the standard MFJ 12- 
month warranty and should give many years of 
good, reliable service. 

I've since used the antenna bridge on several 
antenna projects and have enjoyed its utility. As 
long as I can keep the review unit, I think I'll let 
the noise bridge gather dust. 

N l A C H  

computer interface 
The Computer Patch Model CP-100 Interface 

is a complete terminal unit for Morse, Baudot, 
ASCII, and AMTOR. It will interface a computer 
running communications software via l T L  levels 
IRS-232 optional) to your radio. With the op- 
tional current loop provisions, the CP-100 can 
be used with a mechanical teleprinter also. The 
tuning indicator is a ten-segment bargraph fea- 
turing discriminator-type operation which graph- 
ically shows selective-fading and is ideal for 
AMTOR use (tuning 'scope outputs are also 

available). The CP-100 aka features a front panel- 
squelch control which inhibits data to  the com- 
puter when no signal is present (thus preventing 
print when receiving noise). Front panel selec- 



1 20 MHz DUAL TRACE OSCILLOSCOPE 45 MHz DUAL SWEEP OSCILLOSCOPE 
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$66995" 

RAMSEY D-1100 
VOM MULTITESTER , , ,, , ,.,,: ,,.,,,,P,, !..,,,4,,&,0 

NEW RAMSEY 1200 
M M  MULTITESTER 

RAMSEV 0-3100 
DIGITAL MULTlMElER 

I CT-70 7 DIGIT 525 MHz 
COUNTER 

CT-90 9 DIGIT 600 MHz 
COUNTER 
' I , .  I ,  , , r >tmlc, lor I?,? Inan S Fm4?<8r@s3 
re.!,., I , I % ' .  I , , , , .  ,,",?I. " d , " , , ~  . "ale 10dC"IOI . .II..I.I,Iv 11 ,111 . 7'lrnV hi. l id>  Mb4: IVPIC.II \e.n- 
~ # % h # # ,  . ><!  F.4-2 <lmnbn%? fk,r WWV ca~#b~Cn<#cm 

CT-125 9 DIGIT 1.2 GHz 
COUNTER 

CT-50 B DIGIT 600 MHz 
COUNTER 

DM-MO DIGITAL MULTIMETER 
/ , .  11,,,,,1,~ I .  1 ,  I , , , I , .  . I ,  . i'lil 
,,,, 1.\,",.. I(. i .#lll.l..~I I . ,  l.. . i l  ) I i  l l , l , C  
11,) ,,, . i .,,,/,I i~tl,/r l i ,~../.I.1(. ,I,, I., 
rn,,I,. dl., , 1 I , , I  , l l l , '  1III.11, . ,,,111111.1114 "111,111," 

$1 1 995 ;LYdl:;;::da' 
L1V :o11 +,I Sm.65 
MI' I IW<>D'. ... .I 4 95 

PS-2 AUDIO MULTIPLIER 
ll l . . r l \ -1  . . I 1 .  I ' I  - , r  I '  ' . l,,*1., 

,C.,, I,,,,,,,, ,.,, , 1 1 . 1  I,,  1.1 .,,, ,,,, . . li- r ,  118. ,,,,'."," . >2,,.,%! !<,, C'h ,,,,>, ,,,,. , ,,..,?!..,,,< . ,.>,, l l,,, l,,... r.., >,,,,1 1,111 . ,111.  ..: ll.\lllb,l,".& ,>,,,,, ,11 5 ,.,, >.11 ,I,. .,,,,,,, , ,.,. 111 . i s .  

PR-2 COUNTER PREAMP 
T h e .  P H - 1  I ~ I 1 . ~ ~ ~  I u ~  ~<#,.il..t<lmliq *(.,<k .Ilgnnls 
lrllrn 1" 10 1 IKYIMH, . 1111 7r, i lh?a#n . ANC 
r onnw In r l  . <l lr , l l  101 511~!11!1(1 111 . 101.81 
r,%","", 7 "  ,,r.,.,rx>,, 

$4495 ;t=;:,- 
PR . .,I W . 9 5  

PS-10 600 MHz PRESCALER 

$5 995 ;L%::."p' 
PC 1 %  r l urn 
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Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

12033 Otsego Street, North Hollywood, Calif. 91607 

In Germany Elerlron~rladen Wflhelm - Melltes Slr 88 4930 Delmold I 8  We51 Germany 
In JaDan T~yomura Eleclron~cs ComDany Lld 7 9 2 Cnornr Sola Kanda Cnlyoda Ku Tokyo JaDan 

tion of 110 and below or 300 baud operation is 
provided along with an internal monitor speaker. 
The CP-100 is housed in an attractive metal case. 
minimizing any potential RF interference efforts. 

For further informatlon, contact Advanced 
Electronic Applications Inc.. P. 0. Box 2160, 
Lynnwood. Washington 98036. 

Circle 1302 on Reader Sewice Card. 

new division 
Nemal Electronics International has opened a 

new value-added division specializing in cable 
assemblies for the aerospace, data processing, 
and commercial markets. 

With state-of-the-art production and test 
equipment, the new Nemal facility is capable of 
producing more than 1000 assemblies daily. 
Nemal also maintains an extensive inventory of 
component parts and cables allowing for next- 
day delivery on a wide variety of RF and data 
cables, made and tested to exact customer 
requirements. 

For additional information, contact Nemal 
Electronics International Inc.. 12240 N.E. 14th 
Avenue, North Miami. Florida 33161. 

Circle 8303 on Reader Sewics Card. 

smart patch plusTM 
The new Smart Patch Model 5100from C.E.S. 

combines the features of the original Smart 
Patch with an exciting new communications tool 
called "automatic remote." 

Installed in the home or office, model 5100 
allows mobile or handheld radios the ability to 
make or receive telephone calls, as well as allow 
the operation of the base station in telephone 
fashion through the use of in-house telephones. 
The base station radio can be selectively called 
by mobiles using touchtone encoders. 

Special emergency features provide safety to 
those who face crisis while mobile. These fea- 
tures include EMERGENCY 91 1 AUTODIAL, as 
well as an included beeper box installed in the 
home or office that responds loudly to a user 
programmed code. A keylock on the front panel 
protects the user from unauthorized use. 

Autopatch features include USER PRO- 
GRAMMABLE access codes, sophisticated toll 
restrict, and simplex operation, allowing the unit 
to work from base directly; no repeater is re- 
quired. Only five connections to base station 
radio are required. 

For further information, contact CES, Inc., 
P.O. Box 2930. Winter Park, Florida 32790. 

Clrcle #304 on Reader Sewics Card. 

1/ in 
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I Introducing.. . 1 

ON CALL 
It 's on du ly  when 

I - you're not  

I OC-1 ONLY $59.95 ~ ~ ~ ~ : ~ ~ ~ l , , , g  

ON CALLIS acomplelerefecltv~csll lynlen!  no youdon I hars 
10 moot10~ !he lresuency or 8 1  can br "3rd no a decoder for 
controllmna equlpmen! R I  !he rapc*a!nz rite ,and at home 

Compare mere len1ure.i 
6 4  d q t  16 mnr requent,nl desordcr proglsmmahle. 43.680 (111- 
Ierenl cadel. DTMF' Formal wltn Alllo reset 
I AMP SPST relay oulput, momentary or Ialched lor ellernal 
paqcnq oevlce. such nr ~ u t u  t)orn. taw recorder. rpeahcr 
~ u d l o s l c  

.~tashfng LED call md~slor  ene erg ma* when your code nnr I been acceredl 

I .Sale3 1 1  2 15 "' 5 In 
.can be used lor club3or emergency groupslor help rltualtons 

TO Order Send 
E Carler Rd 

OlOPl TO PO Box R P d  

0 
EXMET r source tor Dlscountd Prlm 8061- 
T 6 / 6 0 6 I - ~ l l  aluminum Tubing and Rod lhsl ts 
stronger than steel and I13 Ihe welghl 

TUBING 
0 0  n d d  Length Rka per h o l l l  

in- x osa 17 II 5 1250 
718' r 058 12 11 19 50 

1'" 058 17 11 21 75 
1 114- x 054 12 11 27 35 
I 112" 1 049 12 11 28 80 
I 112. x 058 12 11 33 W 
1 112' x 065 12 It 38 40 
1 112" x 083 12 11 48 W 
I 112' x 125 24 It 86 40 
1 112. x 250 24 11 105 15 

2' x 0% 12 It 47 25 
2' x 065 12 11 45 50 
2" x 125 24 n 110 40 
2' x 250 24 I t  187 20 
3' x 065 12 n 81 50 

ROO 
0 D bnolh 

I2 I! 
*prim 

1!8' $200 
3/16. 12 11 4 50 

Vdume dtmunls on ordns over ISm 00 O h 1  Y m  01 tubing 
and rod qualed upon requesl Mlntmurn order 150 00 lublng 
15000 rod 
Pollcies All p ~ e s  F a  Twlmburg @no Paymenl a COD 
or rave COO Fharges by mlow a ciwck or maney cfc!er mm 
your order Ohlo readenlr add? 117% sab lax 

J 193 Exmet, Inc. 
nm E A s m  Rd P 0 801 117. 111Imb.q. Ollk 44W 

21MZ5d155 

-7 'EVERY "&&I&& 
COMMODOILE HAbf 

,-b%6w' NEEDS A COMPANION1 

. I - ' mom JIM GINBBS. K9EI 

m c w D E s .  . over 60 IO- mr CommOdare mdeur mdlorolt- 
worn and holdware . A bjbuajmphy ol over Kl magoane mn'(ns and 
r m e w  omul u9w Commodore mochlner In the 
ham shock 
HOW lo u s  your mmmodora compller lo loln the 
pockel mdlo revolullon 
where lo Ilndspplallzed p-IM l o r w h  IhIwsar 
slow a n  telews~on. loleulle tmcklna and more . How lo realln, o dmmotlc Increase Inspeed wlhoul 
lea- rnachlne language pwmmmmg 
Why the Commodore mochmes ore Ihe e a u  lo 
~ntefiace 

14ChSWUm/ 1 6 0 p o O . ~ b o Q  

m $1~90 + S ~ W  rm arm 
.acpWw-d-. 
Mafarrold and Vsro occepled 

I 

I Falcon Communications, Well Known For MOSFET Repeater Power I 
I Amplifiers. Also Makes A Hard Working Line Of Bipolar Power I 
I Amplifiers For MobilelBase Use. Our 2 Meter Amplifiers Include: I 
I I - - 

I Model 5121 
I 
I 

I Model 5122 
I 
I 

2 Watts in = 150 out 
1 Watt in =90 out 

10 Watts in = 150 out 
2 Watts in = 50 out 

List $285 ' 
I 
I 

List $275 
I - 

I Model 5123 30 Watts in = 150 out I 
I 10 Watts in =90 out List $235 1 
I I 

A FEW FEATURES: I 
I 1) Made in the USA 4) Automatic COR or remote keying I 
1 2) All mode (FM. SSB. CW) 5) Built in thermal protection I 
1 3) Optional plug-in receive preamp 6) Full 1 Year warranty I 
I For Information On Our Complete Line See Your Local Dealer Or Call Factory 

I ' Direct CIRCLE 155 ON READER SERVICE CARD 
I 

I I 
I P.O. Box 8979 Newport Beach, CA 92658 I 
B (714) 760-3622 

RI 
Box 124: 

rch 
urllngton 

n w k . n  ca 
alon, not ton 
.."I,. I.," I" 

A. Mlcmwavs A n d a t n  10 QHx Qunnpbxar. Two of Mom h 
eommunlcatlon system lor volca, m, rldao w data tmnamla Mnllon mwnlalntop DXlngl 
MA87141.1 (pair 01 10 mW lnn.uhers) $25195. Hlghar power ...... .-, .- 200 mW) arallabls. 8. Micm 
ware Aarocinlea 24 OH. Qunnplaxar. Slmllar charactarlatka l o  10 QHx unlt. MA8782M (palr of 20 mW 
tran8calren) 1739.20. C. m l a  supporl moduh Is d n l g n d  lor use wlth the MA87141 and MA87020 and 
pmvldea all o l  thm clrcullry lor a lull duplex audlo lran8calVa sy.tam. The board conlalns a low~nol r .  
30MHx Im ncelvsr. modulalon lor volce and mcw op.ratlon. Dunn dlode rmgulator and varmctor aupply. 
Metar outputa are pmvlded lor nwnllorlng recalved sfpnal larela, dlecrlmlnator oulput and vsracta tunlng 
voltaga. RXMR30VD masambled and 1asl.d 1118.85. D. Completa, mady l o  uae communlcatlon mystem 
lor rolce or mcw opnt lon.  Ideal tor ~ p . a l e r  Ilnklng. A power supply capable ot dallrarlng 13 volt8 dc 
a1 250 mA(lor a 10 mW venlon). mlcmphone, and headphone andlor loudapmaker arm tha only addltlonal 
Itama nmded lor op.rallon. The Dunnplaxer can be rsnwred lor nmota mounllng to a towar or 2 or 4 
Iwl parabolic antenna.TRIBaA(lOQHx, 10 mW) $399.95. nlphar power unlla available. TR24OA(24 QHS 

20 mW) S039.95. Alu, avallabls: horn. 2 snd 4 1001 para. 
bollc mnlannas. (iunn. waractor and dateclor dlodas. .. . . 
march and lock sysI.ms, oselllator moduhs. wavegulde. 
tlangar. atc. Call or wrlta lor addlllonal Inlormallon Lsl 
ARR taka p u  hipha 4th quallly 10 and 24 OH2 mcubmntl 
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AEAEAEAEAEAEAEAEAEV 
LEARN ALL ABOUT 

TROUBLESHOOTING 
MICROPROCESSOR-BASED 

EQUIPMENT 
AND 

DIGITAL DEVICES 
Attend llta 4.day semlnar and master Me essenhals 
01 mlcroprocessor rnalntenance Ga~n a firm under. 
sland~ng 01 mlcroprocessor lundamenlals and learn 
spec~al~zed mbleshmhng techniques Fee 1s 5695 W 

CURRENTSCHEDULE 
Indianapol~s. IN - November 12-15 
Oklahoma City. OK - December 3-6 
San Antonio. TX - December 10-13 

MICRO SYSTEMS INSTITUTE 
Gar~ l r l t .  Kansas hh032 J 197 

19 1.3) 8'18 4605 

-- 

More Hardware Feature 
P~rformance Than Any ucner 
Morse, Baudot, ASCII, AM- 
TOR, SITOR, or H.F. Packet 
Terminal Unit Anywhere At 
"Any Price! 

s And -.. 

AMATEUR RADIO REPAIRS 
SHOP OWNERS - 

Interested in more work? Major 
manufacturer will establish ser- 
vice center nationwide. Well 
equipped shop with qualified two- 
way Tech and accessibility to 
UPS are required. 

If you would like to increase your 
shop's income, please list your 
qualifications and reply care of: 

Box 498 
Gmmille, NH 03048 

.. .Putn yon o n  dl dl@ 
Murru/l)Rndot/AS('II/ 

H.F. parket ( S ~ f t w a r r  n 
TPI. 110 logic Invrr?rl4... .... ..-. - ....... 

tunlly any nof twarr  
Rall t- in TI'IJRS-232Innd I m p  k r  
Optinnnl I!) Inch rack mount k i t  
I:# \'I)(' operation. I If) \'A(' adnf 

.. .rum yon p r n l n r l y  on ~ m u r n r y  
AII nhinn. 170 Hz f lxrd nr 0 t o  2000 Ha 

ndjuatablr 
,set AFSK ontpnt  tan- Indrprndcnt ly  

This publication is 
available in microform 

from University 

, Plras!mnd tnfurmalmon nhut lhrve 1 1 1 1 ~ :  

-- - ~ - - - . 

- - - - - - - 

Nnmt. -- - - 

D,mp~nyllnsl!loln~n 

- - - . - - . - - - - 

Arl#lrcrr - - - 

C l l ~  - - - 

51~1, . Zip p- 

!?,#ma. - I - ~p 

C?dl lk~U-ln.. A(X1.521-3014 In bttrhlyen. 
Aht4:j  . ~ m t i  l t . u w ; ~ ~ ~  <$)I1 <~tl l t<l 11.1-761-47iW Or 
m i ~ l  , t~ t , t~#r$  181 O r ~ ~ v ~ ~ ~ i # l ~  \ l $vn~ f~ lm~ Inll~rnsllonsl. 
.I(XI N4,rlhfir.b H<lial. Ann Arlxtr, hll ItIlOF, 

frnm 1000 t o  3006 Hz t o  o n r  l l 2  
32 pales. active f l l t r r l n g  
S r t  r r ce lv r  f l l t r r H  t o  one fi W 
.Set m r l v e  MARK &SPACE flit 

prndently f rom 1 0 0  t o  3 0 0  HZ 
CW flltrr ndJu*tnblr 700 t o  2500 HZ 

. . 
:I:! lBelr\  li,Inl nr t iv? 
I l t ~ l l t - i n  4 dlglt rollnl 
T w i n  lo l l -wave d r t r c t o n  
D.C. roupl 

t l on  
5mV t o  61 

k w A € A  
. our m.tnt * 

Aavsnssa nxssrrunlC 
Applications, Inc. 
P.O. Box C-2160 
Lynnwood, WA 98 
(206) 775-7373 
TELEX: 152571 

SAVE YOUR EARS 
wm ms HANDY 
SIGNAL ENHANCER 

/ 198 

i i ldreth Engineering 
936-MR Sumnrde.CA94086 
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Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

Just ask any of the many thousands of 

" U n c l e  Ben  ' Snyder ,  W2SOH 
tho  head m a n  of 

I~I#sODl 
" H A M  H A UARTERS,  

hams all over the world who have been USA"' . S l ~ ~ c e  ;925' 

enjoying my friendly good service 
for over a half a century. 73. Uncle Ben, W2SOH 

CALL M E  ... WRITE M E  ... SEE M E  ... 
(51 6) 293-7995 For my prompt. At one of the world's largest . . 

Ham Supply Gel 

Kenwood TH21AT, 

HAS THEM ALL! 
KENWOD 

Kenwood TR-795017930 Kenwood TS-940S 

3 Kenwood TS-711A (2m) 
TS-811 A (70 cm) 

Kenwood TR-2600, TR-3600 



Ham Radio's guide to help you find your locar 1 
California 

C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
2 13-370-745 1 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom. Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Cleatwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-530. Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1 91 7 
Hours M-F 9-330, Sat. 9-3 

Hawaii 

HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. 

lllin ois 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-330 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 

THE HAM STATION 
808 NORTH MAlN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Massachusetts 

James Millen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, binding posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

TEL-COM, INC. 
675 GREAT ROAD. RTE. 119 
LITTLETON, MA 01 460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
(>omplete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 239-4389 
Gene K2KJl 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, 
Larsen, Lunar, Astron. Wholesale - 
retail. 

NEW YORK 
BARRY ELECTRONICS 
51 2 BROADWAY 
NEW YORK. NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAlN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 
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!mateor Radio Dealer 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM, Bird, Cushcraft, Beckman, 
Larsen, Amphenol, Astron, Belden, 
Antenna Specialists, W2AUIW2VS, 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sonv. Saxton. Vibro~lex, Weller. 

THE VHF SHOP 
16 S. MOUNTAIN BLVD., RTE. 309 
MOUNTAINTOP, PA 18707 
71 7-474-9399 
Lunar, Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

T e x a ~  
MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 
-- - 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

'**RS232CVOLTMETER FOR YOUR PC*.' 
B channel 4% dtg~t ACIDC voltmeter 6 contmller 
SENSATROL talks your computer s lar~guagel Sen 
soffi hook up eas~ly to dtfferent~al Inputs pmvtd~ng 15 
bw of 100uV Spec~al tn-state sertal cwtput allows 
network~ng Includes seven b~nary control outputs 
Uses slmple PRINT snd INPUT w~ th  BASIC Deta~led 
manual starts amateurs In sensor hookup 6 appllca- 
tlons S385 COMPLETEI 

DEALER INOUIRIES WELCOME. 
803-588-3748 

BOX 33. FRANCESTOWN. N H  03043 
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AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H L HEASTER. INC.. 203 Buckhannon Pike. Clarksburg. W 
Va 26301 Clarksburg Phone (304) 624 5485 or W Va Toll- 
Free 1-800-352-3177 

HAROLD HEASTER, KABOHX. 91 Rldgef~eld Place. Ormond 
Beach, FI 32074 Florida Phone (904) 673-4066 

NEW NAlION.WIDE T0LL.FREE TELEPHONE 14W-84-RADIO 
1-8W-04.72346 

Call us lor a quotallon. WE WILL SAVE YOU MONEY' 

buy from a HAM and SAVE 
ZTE Communications 

Pocatelio, Idaho 
Complete SYSTEM PACKAGES are available at 
reduced prices. Cali for quotes before you buy. 

Here are a few sample prices 
- RECEIVERS - we pay UPS Sh~pping 

..................... Drake 324s w ~ t h  Down converter $290 

..................... Drake 4248 w ~ t h  Down converter $418 
............. Uniden UST 1000 with down converter $235 
............. Un~den  UST 2000 w ~ t h  down converter $235 

Uniden UST 6000 with block down converter..... $480 
Uniden UST 7000 with BDC and 18 inch arm---$I008 
STS SRb---$222 STS SR Block---$390 
STS LSR with Actuator---$636 STS BDC--499 
JANIEL BCR-2000 w ~ t h  Block down converter ----$313 
TOKl TR 99---$I87 TOKl 150B with BDC--4292 
- ANTENNAS - ANTENNAS - you pay shipping 
Raydx 8.5 foot-4563 Raydx 10.5 foot---$632 
Uniden 10.5 foot---$575 CALL 

TTE Cornrnunlcations IS owned and operated by John WllSOn. 
WAWYU. I am the only employee, I work out ol my house. 
wh~ch means lower prices for you!! 

Ava~labll~ty and prlces are subject to change Call John AFTER 
5 PM mountaln time Telephone 1-2QU.237-1237 alter 5 pm. 

I no collect calls f l  203 

NOW Shad CAN 
BE MEASURED WITH 

YOUR VOM 
Quickly tune Receivers, Cavities, 
Preamps, etc. 
Works with your VOM or AC 
VTVM that has 2.5V full scale sen- 
sitivity or better. 
Fast accurate measurements. 
Sinad measurement displayed on 
meter in "dB" scale. 
Self contained, pocket size, go 
anywhere instrument. 
Powered by standard 9V battery 
or optional AC adaptor. 

SINADAPTOR SAl-01 

NY res add 7% sales tdx 

J.S. Technology, Inc. 
39 Main Street 

Scottsville, NY 14546 
(716) 889-3048 r /  204 

Rush m e  my copy of the Dick Smith 

I Name..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Address.. 

I c i , .  . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Z i p  I D I C K  WllH ELEClRONlCS INC 
P 0 Box 2249 Redwood City CA 94063 
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new components 
techniques for RF 
designers 

and 

When manufacturers offer n e w  
equipment, the resulting design is a 
complex function of expected market, 
engineering hours, and the availability 
of necessary technology and com- 
ponents. Fortunately for designers of 
RF equipment, new components are 
rapidly being developed to keep pace 
with the boom in telecommunications. 

Among the more exciting develop- 
ments in the semiconductor industry 
is the emergence of commercial 
Gallium Arsenide (GaAs) ICs. Both 
analog and digital functions are being 
implemented. The digital functions - 
prescalers, counters, memories, and 
shift registers - are capable of opera- 
tion at 2 to 3 GHz, allowing the design 
of phase locked loops and frequency 
synthesizers at low microwave fre- 
quencies using only a few chips. The 
required interstage amplifiers are now 
also available as off-the-shelf GaAs IC 
amplifier blocks (Microwave Mono- 
lithic Integrated Circuits, or MMICs) 
covering octave (2: 1)  bandwidths with 
10 to 30 dB of gain. These gain blocks 
are available from 50 MHz to over 18 
GHz. Prices are high right now but we 
can expect dramatic reductions as 
sales volume increases. 

In the realm of discrete devices, the 
High Electron Mobility Transistor 
(HEMT) is just now ready to emerge 
commercially. This improved class of 
GaAs FET can provide noise figures of 
about 1 dB at almost 10 GHz, with 8 
to 10 dB of gain! Several companies 
have developed low-cost ICs based on 
HEMT concepts which would inte- 
grate large portions of complex micro- 
wave receivers into a single chip. 

One of the most fundamental con- 
cepts in modern telecommunications 

is frequency translation, or mixing. 
Most receivers and transceivers have 
several conversions from one fre- 
quency or band to another. An impor- 
tant characteristic of the translation 
device is its ability to minimize the 
generation of unwanted products. 
Mixer development has now advanced 
to the point where we have image re- 
jection mixers (the image is automati- 
cally suppressed by about 20 dB) well 
into the microwave region. There is a 
similar class called "termination insen- 
sitive mixers" that perform well even 
with highly reactive loads. The devel- 
opment of complex GaAs MMlCs will 
soon permit the implementation of 
active frequency converters with high 
dynamic range, selectable image char- 
acteristics, and conversion "gain" in- 
stead of an insertion loss. We should 
see these devices - up to 4-5 GHz - 
readily available in the not-too-distant 
future. 

Plain old resistors and capacitors are 
taking on a new look. Chip- and sur- 
face-mounted components with su- 
perb characteristics well into the 
microwave region are now available. 
The fact that most modern circuits 
operate at low voltage and power 
levels means that spacings and insula- 
tion can be very small. This in turn 
reduces the qverall size of the compo- 
nent, and hence its parasitic induc- 
tance and capacitance. This trend will 
continue to provide more components 
with nearly perfect RF characteristics 
in the VHFIUHF and low microwave 
ranges. 

Even coaxial cables continue to 
undergo substantial improvement. 
Semi-rigid coax with foil shielding, 
foam dielectric, and non-contaminat- 
ing jacket is available at very affordable 
prices. This type of cable is usable to 
500 MHz with losses of less than 0.1 
dBImeter. Small diameter hardline is 

now available to the UHF/ Microwave 
enthusiast on the surplus market, 
thanks to the huge quantities used by 
military and cable TV applications. 
These cables are nearly the ultimate in 
transmission lines; they boast very low 
losses well into the microwave region, 
100 percent shielding, and closed-cell 
foam insulations with permanent water 
intrusion barriers. Properly installed, 
these cables can have a useful life of 
more than 20 years. 

Some of the least heralded ad- 
vances in component design have 
taken place in the realm of interstage 
filters. Multipole ceramic and crystal 
filters with flat passbands, steep skirts, 
and low spurious responses have be- 
come available at remarkably low 
prices. Made for virtually all of the 
standard IF frequencies (455 kHz, 10.7, 
21.4, 30, and 45 MHz), these marvel- 
ous filters, buried deep in our equip- 
ment, give us selectivity and freedom 
from unwanted responses that would 
have been a dream just a few years 
ago. 

The advances continue. Monolithic 
crystal filters with narrow bandwidths 
(515 kHz) have been fabricated at over 
250 MHz. Surface Acoustic Wave 
(SAW) filters with good characteristics 
up to 1.5 GHz are now available com- 
mercially. The availability of these 
higher frequency filters means that 
next-generation equipment can use 
up-conversion (IF higher than the in- 
coming signal) to give us image-free, 
single conversion (large dynamic 
range) performance. 

As the spectrum becomes more in- 
tensely populated, we are fortunate 
that component designers and manu- 
facturers are investing in the technol- 
ogy to assure that there will be room 
for all of us. 

ham radio 
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We just struck gold with a miniature, high qual- 
ity and very reliable DTMF decoder at a rock 
bottom price of $59.95. Our DTD-I will decode 
5040. 4 digit codes with the security of wrong 
digit reset. l t  contains acrystal controlled, single 
chip DTMF decoder that works great in bad sig- 
nal to noise environments and provides latched 
and momentary outputs. Why carry that heavy 
gear when its size is only 1.25 x 2.0 x .4 inches 

$59.95 each 
and it comes with our etched in stone, legendary. 
one year warranty. 

CUMMUMICA T I O M  
Instead of sifting through the field.. .search- .I:(, \\ I.,II :\\c.. O L I I I ~ L . ,  ('!\ 'J?M15-42'J6 

ing, use our super quick one day delivery and L,,..,I (7 IJI oux-3021 1 . h ~  (7141 ~ ~ J - W I I  

m - 
vm 

cash in on a rare find. Entire I1.S.A. 1-800-854-0537 -8 
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* 
THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

A patch should work with any 
radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 

*Your patch should sound just 
like your home phone. 

-There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
the cheap sampling method. 
(Did you know that the competi- 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 
A patch should disconnect 
automatically i f  the number 
dialed is busy. 

A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex, 
or semi-duplex. 
A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 

*You should be able to use a 
power amplifier on your base to 
extend range. 

*You should be able to connect 
a patch to !he MIC and WT. 
speaker jack of your radio for a 
quick and effortless interface. 

*You should be able to connect 
a patch to three points inside 
your radio (VOL high side, PlT, 
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL. and SQ. set- 
tings do not affect the patch. 

*A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where consultation 
and factory service are immed- 
iately available. 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

BEWARE OF INFERIOR 
IMITATIONS 

lv PRIVATE PATCH Ill 1 
SIMPLEX SEMI-DUPLEX INTERCONNECT 

P * - 

With an amazinqlv low price. the all new PRIjfATE PATCH E? +%? mos' 
powerful personal phone patch svstem a v a i l ~ b ! ~ .  vo~r c?n LISP i 
simplex, repeater aided s i m ~ l e x  (from vour hasp: nr q~rni-rkrr~ pr (a* thc 
repeater). 'hays right, you will neve r  h a w  be 5uv anc:wr patch 
PRIVATE PATCH III does it all! There are manu n~w.1 anr' rmno+~n 
features which were formerly only available rn o u r  too ccrnamercia 
models. 
With a flick of the new connect switch you can patch your friends on the repeater intc 
the phone system. One of them may need to report an emergency! 
No hassles with busy signals! If you call a number that is busy, just put your MIC dowr 
and relax. PRIVATE PATCH Ill will disconnect automatically. 
The new CW ID keeps you completely informed as to patch status. ID occurs when yo1 
access and again when you disconnect. ID is also sent after toll call attempts, al 
automatic disconnects, manual disconnect and when timeout is imminent. And a 
course your CW ID chip is free. 
PRIVATE PATCH Ill does not interfere with the normal use of your base radio. A ne# 
audio pre-amp permits audio take off before the VOL. control. As a result, the VOL anc 
squelch settings do not affect patch operation. Of course you can also connec 
PRIVATE PATCH Ill to the MIC and DCT speaker jacks as before. 
A new digit counting system makes the toll restrict positive even in areas where you dc 
not have to dial "I" first. A secret five digit code disables the toll restrict for one toll call 
Re-arm is automatic. 
Additional new features: MOV lightning protection - Three digit access code (eg.*93 
- Spare relay position on board - Plus former features: 316 minute timeout timer - 
Digital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plu: 
much more! 
Please write or call for our four page brochure to get the complete story. 

Options: 
FCC approved coupler 
12 VDC or 230 VAC power 

Warranty? Yes, one full year! 

DEALERS 

AMATEUR ELECTRONIC SUPPLY 
Milwaukee WI. Wtcklllte Oh. 

Orlando F L  Clearwater FL. 
Las Vegas NV 

COLES COMMUNICATIONS 
San Anlonto TX 

ERICKSON COMMUNICATIONS 
Chlcago IL 

HAM RADK) OUTLET 
Anahelm CA. Burllngarne CA. 
Oakland CA. Phoen~x AZ. 
Sen Olego CA. Van Nuya CA 

HENRY RADIO 
Lo5 Angeles CA. Anahelm CA. 
Butler MO 

JUNS ELECTRONICS 
Culver City CA. Reno NV 

MIAMI RADIO CENTER CORP. 
Mlarnl FL 

MIKES ELECTRONICS 
Ft Lauderdale. Mlarnl FL 

NLG DlSTRlBVnNG CORP. 
Mlamn FL 

PACE ENGINEERING 
Tucson A2 

TnE HAM STArnN 
Evansvtlle IN 

CANADPI: 
DOLLARD ELECTRONICS 

Vancouver. BC 

CONNECT (21 3) 373-6833 fl 212 

SYSTEMS 
INCORPORATED 23731 Madison St., Torrance, CA 90505 
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I J~ Celebrate your buying de 
*, 

-'.: !with the money yohe saved. 
\lie11 it comes to getting ~~leniories, :uid push-hutton quick pcrfcct \v:~\, to get :dl [lie IIF ptbrli)r' * .  .. 

maximum 11F perfon11;1nce 
for your tloll;~?, the choice is clear. 
X~esu's Wi7GX. 

Nowhere else will you find 
so m:lnv HF fentures packed into one 
conipa~t,  mo\,ile-re;~dy package. At :I 
price that's got tlie competition 
haffletl. 

For starters. each 757 
includes an electronic kever. 600-Hz 

memory :nit1 h:~;ld sc:~n. 
The '5: also lets you lisfe~l 

from 500 kHz to 30 hlHz \vitll its 
high-perfor111:mce gener;~l cover:lge 
receiver. The tr;~nsmitter c o w 5  I00 
through 10 nieters. ~nclutling the 
new\:4KC h;~ntls, with 100 \\'ntts out- 
put on sitleh:mtl. I:R1 :uitl (>\\\;: 

LX' huffs will enioy the 
delights of full QSt i  operaion. Plus 

m:ulce !nu desire. \\.it11 nlnlle\. left 
over to :1pp1\. to\\.;~rtl other l1;111i ~ I I :  
I)erli:~ps a l > ; ) \ ~ r  suppl!. for h:tse  st:^- 
tion use. ,411 ;mtenn:t or ;ui tc~in:~ 
tunel: Or \vl~:~tever else 11l:lkes y u r  
oper;~tion coniplete. 

So ask your tlenler totl:ty 
a l m t  li~esu's Fr-75:GX. The most 
celeh.:~tetl 1-11: price performer on 
tlie air. 
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ech processor. And a 25-kHz cooling s\stern allow continuous YA ISr  ' 
rker generator AII at no extra RTP~' oper:ttion for up to 30 minutes. lt ie,,.,i l ~ / l l ~ l ~ l / l ~ ~  
~rge. Use the R'-75711D he:nydut\ nower 6~ jl I l l l / t / ,o~  l'o15i,1,,,1,1,t 

And working the OX si~pply option fo~  C I YO7?.< (21.3 / 633 -r 00- 
ler heen easier with du:tl V applicat~ons. Hie.vrr Citicit~t~oti Serr-ice Cr. 
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icy oper:l 
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1 

Digital DX-terity-that outstanding 
attribute built into every Kenwood 
TS-430s lets you QSY from band to 
band, frequency to frequency and 
mode to mode with the speed and 
ease that will help you earn that 
dominant DX position from the 
shack or from the mobile! 

* '  
1-30 IIIIO~I$III 10 I I I I ,~I~~:>, ,I<, ~ 1 . 1 1  III+ 
new30, 1 i ,  and 1% rlieter WAHC bar~cls 
H g h  tlyn:inl~c range. gcneral coveraqe 
rt?celver tunes lrom 150 kHz to 30 MH;. 
tas~ ly  rnodlfled tor HF MARS operat~on 

*c,,,>,..:- <.r , r , , ' . , - ~  r ~ . ,  , -  \ 

Ellnllnatr- ORM wrth Ihc IF s h ~ f  arid 
tuneablc? nolch t~ller. A nolse blanker 
supresscs 1gr11llor1 no~st? Squeli:h. RF 
atlem~nlor, and HIT art. also provldecl 

., .', * ,  : . . ,  
Sol~d ~;ta11! design perrnlts ~nput power l'!;~'!3(.1 [..IIIII GI\:I I J ~ ~ ~ ~ " I ~ , I  ~ . ! I l l r ) l ~  
ol 75(! watts PEP on SSB, 200 watts DC - SP.430 t:x!ern;~l sr:!i'.ikl*r h4MJ30 
cln CW, 1:'i) watts on FM (opttonal), or rnot,ll~ rnor~r'~l~n<l br;ick.+ll .. AT 130 
HI watt4 or-r AM. F~nal arnollller orotec- conl11;icl anl,-:nrl;i t i i r i i ~ r  (-ovc,r!, 8010  . . . . . . - 

tlnn c:~rr.~ll!s and 3 cooling 
tijn ari: ~NIIII In. 

,I )" ., . :.,..{:':<~ 
Elghl nic?rnory channels 
slrlre ~ ~ P C I I J ~ ~ C Y ,  rnode 
antl band tlata. Channel 8 
rnny be pri~grammed for 
~pI~I-lre(lt~f.rrcy operat~on. 
A front [?an~?I swltch 
ijlluw:, ea,;ll memory 
channel 15) .?perate as an 
~ndcnr?ndi?id VFO or as a 

rneIi.r:;, ~ n c l  WARC t>:lnds 
AT~750 ;111tor11;11l~' 

ar1tc?rin;i ILIII~?~ ovt.?rs 
160-10 ~ r~c~ l~~ r : ; .  ~rici. WARC 
t,nnds * TL-"I%?A:) kW PEP 

lriear arn[rlit~c?r * Fh4-430 
FM uritl . YK- IWC 
(500 Hzi or YK-RBCN 

1:?70 H;I CW f~llrrs 
-,* YK 88SI.J 11 8 kHz) 

n;.~rrow SSR f1ltt.r YI<-88A 
[ G  ktl;) Ah1 filter + MC-42s 

~ ~ ~ ~ , j  !rprlll.~,ncy A Ilthltjm ha[1i'rv. t,,ii.ks '..- U I  )V/N h~3rld iT11c * MC-GUA/ 
up sti!red ~rilorriinl~on. 80185 tJitl~rxr d ~ s k  mlns + SW-20001 
: , . , . . , I I . . . . .. 2OOA SWfiil!ower rni.lrrs n. S\/lOOA 
. . , , :. . .,- ,,. : ,,.,,,. . SWR/power!vc~lt meter . P C l A  phone - , , I  ., . ! I ,  

, ,. r ,r vatch HS-4. HS-5, HS-6, HS-7 
I I- 4 headphones 

C!pt~onal IF f~ltt:.rs rnriy b r  added for 
ootlrnum ~nterierencc? redt.rcl~on 
r , ;,, ' .,.., ,, ,, ,, ,,,,,, ,,,, ,,,', ,,,,,,,,,,, !P tr,, , , , 8  l,,, 8 fi,..,,,~,,,~, f';,,r',? ,W,C',, ?v,,'r!lrz'l . , r :  ,'\'.<,,,*''. 
.,.,.' ,:, ,:;,,;,. ,?,.,(,,,, , . . ,  r , .  ,,!,!, 1 I < , ,  i '#,,r.l:.. i v l l f l l : r l  iliiii I ' i , !  .!! i i l l i l ' l l ' l  

TRIO-KENWOOD COMMUNlCATlOFlS 
1111 w,., I \"J,lI,.#O' c>l!w#.l 
cnr~~>rt~c\, ( ~ ~ I . ~ ~ , , I ~ ~ ~ I , ~  '1i1:':!0 
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