


KOM IC.751A 
''ITS WHATS INSIDE THAT COUNTS!" 

All HF Band Transceiver / A Modern Amateur's Delight! 
Special attractions include an elec- General Coverage Receiver tronic keyer, semi or full break-in 

Advanced Circuit Des igns  rated to 40 WPM, panel selectable 
All M o d e s  Built-in USB, LSB, 500Hz/FL-32A CW filter, and volume 

FM, AM, CW, RTTY control-tracking sidetone. sSB trans- 
missions are enhanced with an RF 

Superb  Frequency Stability one year warranty. There's more! speech processor and tone control to 
Continuous Duty Operation The IC-75IA's receiver boasts 105dB produce sparkling clear audio. PLUS 

Crystal Clear Signal Quality dynamic range for superb listening. there's a new rubberized tuning 
The 100% duty cycle transmitter knob for velvet-smooth tuning and a 

Midsize Masterpiece! The de- defies abuse and delivers 100 watts full line of accessories and filters. 
luxe IC-751A includes more high per- stable and 'lean RF RF Power Control, Varies output 
formance features and professional output. Reliability. Quality. One independent of mic gain, ALC and 
circuitry per cubic inch than any year warranty. That's ICOM. speech processor action. Enjoy 
other HF transceiver. Its smooth-as- All Bands, All Modes Included. maximum "talk poweru at any drive 
silk operation and long-term reliabili- Operates 160 through I0  meters, it's level! 
ty produce the ideal contesting, easily modified for MARS operation, To see the IC-751A, contact your 
DX'ing, mobiling and portable rig. plus it includes general coverage re- local dealer, 
Owning an IC-751A truly means ception from IOOkHz to 30MHz. No 
"Going First Class!" compromise, no comparison! 

Unsurpassed Quality and 32 Tunable Memories. Store 
Reliability. Ouality and Reliability is both frequency and mode informa- 
important to you and it's important tion. Use them to quick-access your 
to ICOM. ICOM now covers you and favorite spots or as 32 preferred fre- 
your investment with its exclusive quency-remembering VFOs. 

First in Communications 
/ 101 

ICOM America, Inc., 2380-116th Ave NE. Bellevue. WA 98004 Customer Sewice Hotllne (206) 454-7619 
3150 Premier Drive. Suite 126. Irving, TX 75063 / 1777 Phoenix Parkway. Suite 201. Atlanta. GA 30349 

ICOM CANADA. A Division of ICOM America. Inc.. 3071 - #5 Road. Unit 9. Richmond. B.C. V6X 2T4 Canada 
All Staled s ~ B c I I I c ~ I I O I I S  approxlmale and sublect l o  change wthoul  natlce or obl8gat~on All ICOM radlos slgnlllcanlly exceed FCC regulallonP lhrnfllng ppurlous emlrsions 751Al87 



THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 

Initiate phone calls from your HT or mobile 
Receive incoming phone calls 

~JEN! Telephone initiated control. . . 
, Operate your base station with complete control from any telephone 
H Change frequencies from the controlling telephone 
H Selectively call mobiles using regenerated DTMF from any telephone 
H Eavesdrop the channel from any telephone 
H Use as a wire remote using ordinary dial up lines and a 

speaker phone as a control head. 

Private Patch ISS 
" . , I  r ,  c *  0 c O t r '  - C .,*l 7 S  I U l l h  

P r  1 9  

The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re- 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in  phone remote 
devices. And you are in full control 
100% of the time! 

The new digital dialtone detector 
will automatically disconnect Pri- 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in- 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full useof the radio system from 
any telephone. And of course you 
have full use of the telephone 
system from any mobile or H'T! 

To get the complete story on the 
powerful new Private Patch IV con- 
tact your dealer or CSI to receive 
your free four page brochure. 

Private Patch IV will be your most 
important investment in commun- 
ications. 

,, = NEW FEATURE 

Y *I# o r  n i ~ ~ l i ~ - ( l ~ c l ~ t  c o r i r i n c l l c l l s c o n  

r l e c t  

,, F u l l v  r r ? q p n ~ l ; l t r d  t o n o  d ~ . i l l n g  

PuISE, < ! l ~ i l l r l i :  

T o l l  p r o t ~ ~ c l l ~ i r i  

S ~ c r 6 . t  t r > l l  r ) / i ~ r r l r l i 3   coil^^ 

Busy s l q n n l  l l%r;onn~~cl  
,, D l a l t [ ? r i i ~  ! j l r - , f : o n n r c t  

CW ~ ~ l c n ! ~ f i c ~ ? t ~ o n  

A c t ~ v ~ t y  t l rn r r  

T l m e o u t  I l m , ? !  

,, T e l ~ ' p h o n c  ~ r i i l l a t r ~ i !  c . o ! i l r o l  

,, R c q e n o r . i t c v l  UTMF s c l ? c l ~ v c  c n l l l n n  

R l n q o l l t  

,, H l n g o u t  o r  P u l i r  A n s w r t  1~111 1 H rl l1c;s 

Busy cI i .?r in, ! l  r n q o u t  1 r lh11>1 t  

,/ S t a t i l s  rllcr:c7aqes 

,, I r i l i ! r n a l l q  s o i r - l ( : h f ~ c l  au r l l i -1  

MOV I l c l I i t n ~ ~ l c l  1 1 r n t r c l l o t l  

Y F r o n t  ji;inr.l s:;llus Ir,tl 5 

,, S e p a r a t t )  CL'rl I D  l r w r l  c i i l l t r o l  

,, 24 (j i [) S~.YI~CIII~S rn,akt, ;i l l  f n ; i l u r r ~ - ,  

u s e r  p r r ~ q r a ~ r i r ~ ~ n h l f ~ ~ s c l f ~ ~ ~ t a t ~ l ~ .  

Connects to  MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 
Can be connected to any HT. 
(Even those with a two wire inter- 
face.) 
Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera- 
tion. 
20 minutes typical connect time 
Made in U.S.A. 

OPTIONS 
1. '/z second electronic voice delay 
2. FCC registered coupler 
3. CW ID chip 

CONNECT SYSTEMS INC. 
23731 Madison St. 
Torrance CA 90505 

Phone: (21 3) 373-6803 
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New York NY 
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DISTRIBUTORS 
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144/220 and 144/450 VHz 
FV Dual Banders 
Once again, Kenwood brings you 
another Dual Bander First! The 
TM-621A is the first 144/220 MHz FM 
Dual Bander. The Kenwood TM-621A 
and TM-721A (144/450 MHz) re- 
defines the original Kenwood "Dual 
Bander" concept. The wide range of 
innovative features includes a dual 
channel watch function, selectable 
full duplex operation, 3 0  memory 
channels, extended frequency 
coverage, large multi-color dual 
digital LCDdisplays, programmable 
scanning, and more! 

' - , "  cr' I . , . (  ! . , .  I rnricjc. (138.000- 
173.995 MHz) on 2 m;  70 cni coverage 
1s 438.000-449.995 MHz; 1-114 m cover- 
age is 215-229.995 MHz. (Speciflcat~ons 
guaranteed on Amateur bands only. Two 
meter transmit range 1s 144-148 MHz. 
Mod~fiable for MARSICAP. Permlts 
requ~red.) 
Separate frequency display for 
.,mainnand "sub-band:' 
Call channel  funct~on.  Aspec~al 
memory channel for each band stores 
frequency, offset, and sub-tone of your 
favor~te channel. S~mply press the CALL 
key and your favorite channel is selected! 

channel for each band store frequency. . , , 1 , ,, .,I, ~ ,, ,, , .;,, ,,, 
repeater offset. CTCSS, and reverse. 
Channels 'X and "b" establish upper 
and lower llrn~ts for progranimable band 
scan. Channels "C" and "d" store transni~t 
and recelve frequenc~es independently 
for "odd splits? . ;tr> \l,l;,! .. ,, -, :' r,., ,;; \.!. F , ! ,  .I , >". 

71 w;,r.,: : i '.: I-- Approx. 5 watts 
low power. . ,411io,~i I ? I C  r : . ~ i ~ x r i  C!,,ir:,>~ l ! ,  i: <.. , 

Automatically changes between maln 
and sub-band when a s~gnal is present. . [],!,?I ,fi;!,,~ 1 , ; : , r  l!:,?, , r , , ,> ; , , .  \:I!: ;;r,:d 

L f p r  r!.,-r..: ,~. . ..l,l,;i..irl,s,,,i.-;\. . D ~ ~ ~ q ! ~ : , ~ r ~ ;  ~ t j l t -  r ; , r . r ~ ~ ~ ,  ' ~ , a r , r <  

sc;111r11'1(, , $ . : ' I  nl('ill.-,rL i !. l!lil'.i 
In<;k.,r!~' < ! ; , < '  ~ I I ~ v ! ~ ! ,  1 . v  1 ' 3  ! *  ' : ! ~ , , , i ! t , -  

. . 
, - - :  . . ,;. .. ,.;:..,,I,., . , a ' , .  ,'.I - <  !.-,!)I<. 
r . : m , -  !.; !-! !:.,t,..l or UPIDWN keyson 
m~crophone. (Encode bullt-~n, optlonal 
TSU-6 needed for decode.) 
- - , -  '. .,I* , :  - I : . -  ,'.,, I , , ! . ,  ,- <#! ! I  , , I , ,  ir-:!,? ~, 
, , > r  . ,, ,; , , r .  t ,.,. , ' I ) . ) ,  k 

e ,!!,.,! : . , : ,  ' ! , ~ , [ ? , ~ . >  ,,-,p ,<-,!?. 
,~,<'  ! . , 2 ' ,  

+ : , : ,,,, : J T T $ ? ~  i ! , , - [ ! t c ! ~ r j  

.. , , . , !  ,;.,.:> ~ t , - n ~ , ; . !  ~ < , j , + r > ! l  ,I;:, ,r,,, 
i,, , /  $ 

* ! !,.f;:!c,,.,. ;, , ' ! . > ' I  ! . ~ ! . ~ ! ,  

.a . , , ,~., ',;-.,; ,1, , .-.. . , , , , - .  16-key DTMF 
hand mlc.. mounting bracket, DC cable. 

Opt!onnl A c c ~ \ ? o r ~ f ' ? l  
RC-10 Multi-funct~on handsetlremote mob~le speaker - PG-2N DC cable * PG-3B 

corilroller PS-430 Power supply TSU-6 DC l~ne nolse l~lter MC-6OA, MC-80, 
CTCSS decocie un~t SW-100B Comp,~cl MC-85 Base zlal~on ntlcs MA-4000 Dual 

KENWOOD 
SWRipowerlvolt meter SW-200B Deluxe bdnd 2 mi70 crn nlob~leanler!rid (rin~unt not KENWOOD U.S.A. CORPORATION 
SWR/power meter SWT-1 2 111 dnlenna suppl~ed) . MB-11 Moblle bracket - MC-43s 2201 E Domlr1gut.z S t .  Long B R ~ c ~  CA 90810 
tune! SWT-2 70 cm .lnlcnn,j tuner. SP-40 UPlDWN ham1 nilc * MC-48B 16 kpy DTMF PO Box 22745 Long Beach CA 90801 5745 
Cornl)acl mobtle speaker SP-SOB Deluxe hand nilc 
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Ham Bands Und 

TER 
er Siege? 

Over the years, a number FCC actions have created a tremendous amount of controversy in the Amateur 
field. 

The latest bombshell is assured of being one of the most hotly contested ever. On August 4, the FCC 
decided to reallocate 220-222 MHz to the Land Mobile Service. The roots of this action are in a proposal 
made 18 months ago by the FCC Office of Engineering & Technololgy to "address a need to promote 
spectrum efficient technology and reduce overcrowding in the commercial services." During the formal 
comments period, thousands of negative responses were filed by hams, concerned citizens, the military 
and other government services. In addition, Congressional resolutions against the proposal were working 
their way through both the House 1Resolution -317) and Senate (Resolution -127). 

Then from out of the blue, six months after the formal closing date for comments, the United Parcel 
Service, filed comments in support of the FCC proposal. Even more remarkable was the FCC's acceptance 
of the UPS proposal - it was as i f  they were prepared and had been waiting for it. Is the FCC saying 
to us now that the dates they put on proposals are flexible at the Commissioner's whims? One must wonder 
what kind of anarchy rules the FCC or where the pressure is coming from ... 

What's even more scary is the thought that this could only be the opening battle in the possible war 
to take away all of our frequencies. Chod Harris, editor of "The DX Bulletin" editorialized in the August 
2 issue that due to lack of operation on the 30-meter band, it will only be a matter of time before another 
service proposes to take it away from us. There is the possible threat to 160 meters from the broadcasting 
industry. If they can move the band up to 1700 KHz, why not 1800 KHz, or even higher still? And what 
about 450 MHz? We've already lost part of the band on the Canadian border. What's to prevent a proposal 
to take all of the band from us based upon this action. 

Now is the time to act. There are three ways you can help. First, write your congressional representa- 
tives and senators expressing support for the concurrent resolutions now before them. Second, the ARRL 
is urging all Hams to support a proposed amendment (see below) to legislation to freeze the FCC's rules 
as of August 3. Send your letters, telexes, QSLs in support of the amendment to Congressmen Markey 
and Dingle and Senators lnouye and Hollings at the addresses below. Finally, stay informed of all develop- 
ments in this and all other actions that could seriously affect our hobby1 

There's no turning back now! What couldn't happen has. If we do not stand up to this threat, who knows 
what we'll lose next. 

Craig Clark, NlACH 

Radio Spectrum Allocation Amendment Spec. The Commission shall enforce the regulations, rules, and policies in 
effect as of August 3, 1988, as they relate to the Amateur Radio Service in the 220-225MHz frequency band as defined 
in 47 CFR Section 2.106 (Table of Frequency Allocations). 

U.S. HOUSE 
Rep. John D. Dingel (D-MI) 
Room 2221 RHOB 
Washington, D.C. 20515 
Tel: (202) 225-4071 
Attn: John Orlando 

Rep. Edward J. Markey ID-MA) 
Chairman of Telecommunications and Finance Subcommittee 
Room 316, House Annex II 
Washington, C.C. 2051 5 
Tel. (202) 226-2424 
Attn: Gerry Salemme 

U.S. SENATE 
Sen. Ernest F. Hollings (D-SC) 
Chairman Commerce, Science and Transportation 
Room SD-508 
Washington, D.C. 20510 
Tel: (202) 224-0427 
Attn: Ralph B. Everett 

Sen. Daniel K. lnouye (D-HI) 
Chairman of Communications Subcommittee 
Room SH-227 
Washington, D.C. 20510 
Tel. (202) 224-9340 
Attn: Tom Cohen 

4 October 1988 



Affordable DX-ing! 
HF transceiver with general 
coverage receiver. 
Compact, easy-to-use, full of oper- 
ating enhancements, and feature 
packed. These words describe the 
new TS-140s HF transceiver. Setting 
the pace once again, Kenwood intro- 
duces new innovations in the world 

u 
M. CH/VFO CH sub-d~al. 10 kHz step 
tuning for quick QSY at VFO mode, and 
UPIDOWN memory channel for easy 
operation. 
Selectable full (QSK) or semi 
break-in CW. 
31 memory channels. Store fre- 
quency, mode and CW wideharrow 
selection. Split frequencies may be 
stored in 10 channels for repeater 
operation. 

of "look-alike" transceivers! RF power output control. 
New Feature! Programmable band . AMTOR~PACKET compatible! 

Covers all HFAmateur bands with marker. Useful lor stay~ng w ~ t h ~ n  the . Built-in circuit. 
100 W output. General coverage re- lim~ts of your ham license. For con- 
celver tunes from 50 kHz to 35 MHz. MC-43s UP/DOWN mic. included. 

testers, program tn the suggested 
IR~CC'IVF~ S ~ I C ~ C I ~ C ~ I ~ O ~ S  gorlrrlrlleed Iron] Optional Accessories: 
!>OO  HZ to 30 MHI J Modifiable for HF frequencies to ORM to ,130 compact antenna luner AT-250 ado- participants. 
MARS operation. (Permit reql~rredl m;itlc antenna tuner HS-5lHS-61HS-7 head- * Famous Kenwood interference phvnes IF-232CllF-1oC coniputcr ~nterface 
All modes built-in. LSB. USB, CW, FM reducing circuits. IF shift, dual noise MA-5IVP-1 Hf rnohrle rntenna (5 bands) 
and AM. blankers, RIT, RF attenuator, selectable ;~~~~~ ; ~ ~ i ~ ~ a ; I l f ~ $ ~ ~ I ~ l " , " ~ , " S e  
Superior receiver dynamic range 

rnol~rle rnlc.0 MC-60AIMC-801MC-85 desk ni~cs. 
PG-2s extra DC Labl~: PS-430 power supply 
SP-40lSP-506 rnobllr: slir?akr!rs SP-430 

extr,rn;il speaker SW-100AISW-200AISW-2000 
SWRIpower rnelers TL-922A :? kW F'LP I~ncar 
arnpl~l~er (not lor CW OSk I TU-8 CTCSS tom? unlt 

YG-455C-l 500 Hz df4?rxp CW t~lter. YK-455C-l 
New 500 HZ CW I~Iter 

. ; . A  ;, . .  . , . , .,. , , I , ' ,  l i ~ r i t l lK~n~ i lOd 
f r , , ,  , t < , , , , # 1 8 ~ ? ~  ,I,,, + ,  , . ,t, '?,,,,I ~l~<~rrt",,~;.fc~lf,~les 
;m~prtr , , , , , U P  v~f,f+.ri to, !,,,,,t~t.,v~rl,, ,,~foc,i~r,~nrr~t1ltv8fton 

Amateur l~ands (100 W o1rlp1rtl 
I xtended 6rn recelver frequency range 45 MHz 
to 60 MI47 Specs guaranteed lion1 50 to 54 MHz 
Same t~~nctlons of the TS-140s except opt~onal KENWOOD U.S.A. CORPORATION 
vOX (VOX-4 requlr~d lor VOX opetallon) 2201 E. Dorn~nguez St.. Long Beach, CA 90810 
IJrearnpl~f~~r for 6 and 10 meter band. PO. Box 22745. Long Beach. CA 90801-5745 



carrying conductor only at the service 
entrance; these are addressed in the 
National Electrical Code. One of the 
main reasons for grounding one of the 
secondary wires of the step-down 
transformer which supplies electricity 
from the distribution system is for 
safety. Should the transformer insula- 
tion fail and the secondary not be 
grounded by some means, that fault 
could put a very high voltage (7,000 
volts or more) on house wiring, as 
measured to ground. But precautions 
must also be taken when the neutral C 0 M M E N T is grounded. It is son of a case where 
one solution somewhat creates 
another problem if proper wiring prac- 
tice is not followed. The problem is 

Remembering a great 
scientist 
Dear HR 

KRGA in his article on Hertzian 
Waves omitted the findings of a very 
great scientist. I speak here of Nikola 
Tesla who proved that radio waves 
travel as do sound waves, i.e. longitu- 
dinally. 

He also proved that Hertzian Waves 
are transverse waves and that these 
exist in the gases of the antenna both 
transmitting and receiving. 

From this it can be seen that Hert- 
zian Waves do not travel through 
space. 
Arnold King, Jr. WUT, McAllen, 

Texas 78504 

Neutral grounding 
Dear HR: 

Even though I'm very busy prepar- 
ing for a vacation I feel compelled to 
write in reference to the excellent let- 
ter in the July issue (1988) of Ham 
Radio by I.L. McNally, KGWX and his 
subject of neutral grounding. The sub- 
ject is especially timely, as that same 
issue carries an article by Bill Orr on 
page 60 and gives reference to ground- 
ing the neutral at an amplifier. 

There are several additional reasons 
for grounding the "neutral" current 

that should the conducting path some- 
how be broken between the neutral 
bus between the load the transformer, 
and a small neutral wire somewhere in 
the house (say 14 g. for instance) be 
grounded, all neutral current (which 
could be 100 or 200A depending on the 
"unbalance") will flow over that 14 g. 
wire (which is normally rated at about 
15A current capacity for house wiring) 
and possibly cause a fire. Then, yet 
another problem can occur. When the 
14 g. wire melts through, the neutral 
will no longer be at ground potential 
depending on the load across the hot 
to neutral, and any equipment that is 
connected to what was once a neutral 
at something close to ground poten- 
tial is now possibly somewhere near 
120 v.a.c. creating a real shock hazard! 

There is an important difference 
between a grounding conductor and 
a current-carrying grounded neutral 
conductor. In addition to the reasons 
listed above, any ground fault breaker 
or receptacle I have ever worked with 
will trip if its neutral is grounded any- 
where downstream of the ground fault 
protector. Don't bypass ground fault 
protection or disable it in order to 
ground a neutral somewhere. Don't 
ground neutrals for important safety 
reasons, not to mention ground loops, 
hum, and r f i  problems. Proper use of 
240 v.a.c. and 120 v.a.c. in a device 
which requires both voltages demands 

a four-wire system of two hot wires, 
the neutral grounded current-carrying 
conductor, and the grounding conduc- 
tor; all the excuses ("it's my wiring, I'll 
do with it what I want; I don't believe 
in the wiring code; the government 
isn't going to tell me what to do,") 
notwithstanding, including what you 
see in radio handbooks. I also must 
politely and gently chastise Bill Orr for 
seemingly promoting this incorrect and 
dangerous practice. I suggest the 
proper wiring methods be addressed, 
with schematics, in one of his very 
next articles. 
Richard M .  Lorenzen, WAOAKG, 

Lincoln, Nebraska 68504 

Need for basics 
Dear HR 

As a long-time subscriber to your 
magazine, let me congratulate you on 
your announced intentions of chang- 
ing the editorial policy with regard to 
the type of articles we can expect to 
find in HAM RADIO. 

The quality of your articles in the 
past has been excellent for the better 
educated electronic engineer, but I find 
too many of the average hams are not 
able to cope with the math and other 
explanations. They look at the article 
and lay the magazine down without 
reading this type of article. Pretty soon 
they find so little use for the magazine, 
they drop the subscription. I have had 
considerable contact with many hams 
in this area and that is what they have 
given me to understand. 

Many times hams have told me they 
got along fine building things with 
tubes but they got behind on semicon- 
ductors and now they are lost. It 
seems to me there is a need for ani- 
cles stressing basic understanding of 
how semiconductors work and articles 
on building with simple standard tran- 
sistors and ICs, not the latest sophisti- 
cated ICs that are not available to most 
hams. 

I hope your change of policy works! 
Robert R. Hall, WOCRO, Min- 

neapolis, Minnesota 55406 
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MFJ 3 KW Roller Inductor Tuner . . . lets you get your SWR down to absolute minimum -- something a 
tapped inductor tuner just can't do . . . 
. . . plus you get a p e a k  reading Cross-Needle SWWattmeter. 6-position 
antenna switch, balun for balanced lines and 1.8-30 MHz coverage ...$ 239.95 

MFJ's Innovatlve new Dlfferentlal-T 
Tunerim uses a dlfferentlal capacltor that 
makes tunlng foolproof and e&ler than 
ever. It ends constant re.lunlnf! wlth 
broadband coverage and glvesyou 
mlnlmum SWR at only one settlng. 

The new MFJ-986 is a rugged no- 
compmmlse 3 KW PEP Roller lnductor 
antenna tuner that covers 1.8-30 MHz 
continuously. Includln MARS and all the 
WARC bands. The ro&r Inductor let0 
you tane your SWR down to the 
abwlate minimum -- somethlng a 
k?pped lnductor tuner Just can't do. 

A 3-dlglt turns counter plus a splnner 
knob glves you preclse Inductance 
control -- so you can qulckly return to 
your favorite frequency. 

You get a lighted Cross-Needle meter 
that not only glves you SWR, forward 
and reflected power at a glance -- but also 
glves you a peak-rea- function! A 
new dlrectlonal coupler glves you even 
more accurate readlngs over a wider 
frequency range. 

You get a 6-posltlon cerarnlc antenna 
swltch that lets you select two coax llnes 
andlor random wlres (dlrect or through 
tuner), balanced llne and external 
dummy load. 

A new current balun for balanced 
llnes mlnlmlzes'feedllne radlatlon that 
causes fleld pattern dlstortlon. TVI and 
RF In your shack. Ceramlc feedthru 
Insulators for balanced llnes withstand 
hlgh voltages and temperatures. 

New Antenna lbner Technology 
MFJ brtngs you three innovations In 
antenna tuner technology: a new 
Dlfferentlal-Ttm clrcult slmpllfles tuning: 
a new dlrectlonal coupler glves you more 
accurate SWR. forward and reflected 
power readlngs: and a new current balun 
reduces feedllne radlatlon. 

Differential-T Tanertm: 
A New Trist on a Roren Technology 

By replacing the two variable 
capacltors with a slngle dlfferennal 
caDacltor vou l e t  a ride range 
T-hetwori t&r 4 t h  only &o 
controls .- the dlffrrrnrlal r;lparltOr and 
a roller Inductor. 

That's how you get the new MFJ 
Dlfferentlal-T Tunertm that makes tunlng 
easler than ever. glves you mlnimum 
SWR at only one settlng and has a 
broadband response that ends constant 
re-tunlne. You'll swnd vour tlme W l n E  

Instead of foollng wlth your tuner. 
The compact 1034 x 4% x 15 inch 

cablnet has plenty of room to mount the 
dlver-plated roller lnductor away from 
metal surfaces for maxlmum Q -- you get 
hlgh emclency and more power Into your 
antenna. 

The wide spaced alr gap dlfferentlal 
transmlttlng capacltor lets you run a full 
3 KW PEP -- no worries about arclng. 

A New Dlreetlonal Coupler: 
Accurate 8 W R  and Power Readlmg 
MJ's Cross-Needle SWRIWattmeter 

gives you more accurate SWR and power 
readlngs over a wider frequency range 
wlth no frequency sensltlve adjustments. 

That's because MFJ's new dlrectlonal 
coupler glves you up to an order of 
magnitude higher dlrectlvity and 
coupllng factor than conventlonal circults . . . plus It glves you a flat frequency 
response that requlres no frequency 
compensation. 

The cross-needle meter lets you read 
forwardlreflected power In 2 ranges: 
200150 and 20001500 watts. The meter 
lamp Is front-panel swltched and requlres 
12 volts. 

A switch lets you select peak or 
average power readings. 

A New Current Wnn:  
Reduces PeedlIne Radlstion 

Neuly all commercially bullt tuners 
use a "voltage" balun. The "voltage" 
balun forces the voltages to be equal on 
the two antenna halves. It mlnlmlzes 
unbalanced currents only If the antenna 
Is perfectly balanced --not the case with 
practical antennas. 

The MFJ-986 uses a true CUITent 
balun to force equal currents Into the 
two antenna halves -- e w n  If your 
antenna Is not perfectly balanced -- so 
you get mlnlmum unbalanced currents. 

The current balun gives superlor 
balance over the "voltage" balun. 

Minimum unbalanced current reduces 
Reld pattern dlstortlon -- whlch 
concentrates your power for a stronger 

MFJ ENTERPRISEB. INC. 
Box 494. Mlss. State. MS 39762 

601-323-5669 Telex: 53-4590 MFJSTKV 

slgnal - -  plus It reduces TVI and RF In 
your shack caused by feedllne radlatlon. 
The MFJ-986 WferenW-T Tunertm: 

Get absolute mfnimum BWR 
a t  the tuner that Incorporates the 

latest Innovations by the world's leader 
In antenna tuner technology. 

See your dealer today for the new 
MFJ-986 Dtfferentlal-Ttm 3 KW Roller 
lnductor Tuner. Include $10 
shlpplng/handllng If orderlng direct. 

' 
WHY CHOOSE AN MFJ TUNER? 

Iimd-eamed Reputation: There's 
Just no shortcut. MFJ Is a name you can 
trust -- more hams trust MFJ tuners 
throughout the world than all other 
tuners combined. 

Proven Reliability: MFJ has made 
more IunersJor more years than 
anyone else -- wlth MFJ tuners you get a 
highly-developed product wlth proven 

I rellablllty. 
First-rate Psrformmce: MFJ tuners 

have earned thelr reoutatlon for being 
able to match Just a&ut anythlng -- - 
anywhere. 

One full y e u  unmnditfo~l 
guarantee: That means we will repalr 
or rrplacr your tuner (at our optlon) no 
malwr what for a full year. 

Continuing Serrlce: MFJ Customer 
Servlce Terhnlclans are available to hell 
you keep your MFJ tuner performfng 
flawlessly -- no matter how long you 
have I t  -Just call 601-323-5869. 

Your very best volue: MFJ tuners 
glve you the mnst for your money. Not 
only do you get a prown tuner at the 
lowest cost -- you also get a one year 
uncondltlonal guarantee and connnulng 
servlce. That's how MFJ became the 
world's leadlng tuner manufacturer -- by 
glvlng you your very best value. 

Choose your MFJ tuner wlth 
confidence! You're gettlng proven 
performance and rellablllty from the 
most trusted name In antenna tuners. 
Don't settle for less. 

Call or write for a free full-llne MFJ 
cataloe wlth all 10 of our tuners and 

Ltons 07 ham radlo accessorlesl 

FOR YOUR NEAREST DEALER 
or to order call toll free 

800-647-1800 
One Year Unconditfonal Guarantee . . - 

+ J .  . . making quality qffordable 
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EXPLORING 
PACKET RADIO 
WITH KlSS 
By Michael Pechura, WA8BXN, CIS to implement any new features you might like to put 
Department, Cleveland State University, E. in your TNC. 

24th at Euclid Avenue, Cleveland, Ohio 441 15 There are some problems, however. With KISS you 
can transmit your own packets, but you shouldn't 

Learn more about write anything to the TNC when you're in KlSS mode 
until you fully understand the process. If you don't and 

what you're sending send out packets with errors, they will probably be 
ignored by the TNCs receiving them. They also might 

and how it works be illegal, particularly if there isn't a valid identifica- 
tion transmission. Transmission of valid packets isn't 
really very hard, but it's important to listen and learn 

P acket radio is one of the few areas left in Ama- 
teur Radio where you can do some experimen- 
tation with only a modest outlay for equip- 

ment. Those who already have a packet radio station 
have most of the equipment they need. 

Unfortunately, most people on packet are "appli- 
ance" operators, not experimenters. I know it's easy 
to get on packet radio, but what do you do after con- 
necting to all the locals on packet, reading all the mes- 
sages on the bulletin boards, and watching all the 
Netrom "garbage" go by? Is there anything more you 
can do to find out about the real workings of packet, 
to experiment with this form of digital communication, 
and learn more about the interaction of your computer 
with packet radio? There certainly is! 

There have been many articles explaining the data 
formats and the concept of networks, but it's also 
important to see packets in detail as they are being 
used. Fortunately, many of the Terminal Node Con- 
troller (TNC) manufacturers have begun to include a 
new feature in their TNCs, making experimentation 
and learning the details of packet easier. The feature 
is KlSS mode (Keep It Simple Stupid!) access to the 
TNC. Provided to support a networking method called 
TCP/IP, KlSS lets your computer do all of the decod- 
ing and construction of basic packet frames. 

You can use KlSS to really see everything in the 
packets being heard, and then to generate any type 
of packets you want. Now you can use your computer 

first. 
To understand what happens in KlSS mode you'll 

need to review what the TNC does when it's not in 
KISS. The TNC contains a microcomputer for the ini- 
tial input of commands. When the connect command 
is given, the TNC transmits the right kind of packet 
to initiate a connection. If the connect request is suc- 
cessful, the lines you typed are made into packets to 
be transmitted. The packets received are sent to the 
computer to be displayed as lines of text. The TNC 
handles all the details of the AX.25 protocol, like 
sequence numbers and error handling. These details 
aren't important if you don't intend to experiment with 
packet radio. 

When a TNC is running in KlSS mode it receives 
a string of characters that make up the complete 
packet to be transmitted from the computer. When 
the TNC receives a packet it sends the whole thing 
to the computer, and the computer then decides what 
to do with it. The TNC sends all packets it hears to 
the computer and the computer must retransmit the 
lost packets. There is no command mode; the TNC 
acts much like a dumb modem. However, when the 
TNC is sent a packet to transmit, it is responsible for 
generating the proper error detection bits at the end 
of the packet. It also waits until the channel is clear 
before transmitting and keys the push-to-talk line. 
When the TNC hears a packet on the radio, it checks 
the error detection bits and ignores the packet if it con- 
tains an error. 
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The details of KlSS mode 
Because KlSS mode is simple, the description of 

its interface is short. Once in KlSS mode, strings of 
bytes are sent by the TNC to the computer for each 
packet it receives. The beginning and end of these 
strings are marked by bytes of CO hex. These strings 
are called frames and they all have this basic pattern: 
CO YY XX XX XX XX xx xx ... xx xx co 
where YY is the type of KlSS frame (normally 0 in 
frames from the TNC) and the XX's represent bytes 
that form a packet. These bytes might be header infor- 
mation or data being transmitted in the packet. The 
first byte after CO is a cornmand byte identifying the 
kind of frame. This byte willl be 0 for data received from 
the TNC for single port 1-NCs. 

A minor problem arises when a packet contains a 
byte that is hex CO. You must not confuse this CO with 
the one that marks the en~d of the packet, so the TNC 
will never send a byte that is within a packet with the 
bit pattern CO. If such a byte does exist it will send 
two bytes, DB and DC, indicating that a byte of CO 
is actually in the packet. This solution for the CO prob- 
lem gives rise to another one - how to have the bit 
pattern DB in a packet. This is solved by never send- 
ing a byte that is part of i3 packet as DB. In its place 
two bytes are sent, DB followed by DD. The situa- 
tion above is referred to as the transparency problem, 
or how to tell data from delimiters. (It's much like the 
programming question of how to put a quote mark 
in a character string that is enclosed in quotes.) 

Frames sent to the TNC by the computer also use 
this same format, with some different values for the 
command byte. You must follow the rules carefully 
for solving the transparency problem given above. For 
the present, concentrate on what you can learn and 
do by just listening in KISS mode; don't worry about 
transmission details yet. 

Programs for your computer 
It isn't terribly difficult to write programs for KlSS 

mode. They can be written in most languages. My 
favorite program language is C. BASIC is a much more 
widely available language!, however, and the programs 
given here will use it. 

Because the bytes from the TNC in KlSS mode 
arrive at the computer at times determined by the 
TNC, the program runniing in the computer must be 
ready to receive them. Interrupt driven serial 1/0 is 
required. 

Two popular compute!rs for Amateur Radio are the 
C-64 and the IBM PC, and its clones. Because some 
of the syntax for BASIC iis quite different for these two 
computers, I've provided listings for both machines. 
You can adapt the programs for your own machine. 
lnterrupt driven serial 1/0 is standard in BASIC for the 

C-64 and IBM PC. Make sure this is also the case for 
any other computer you might use. 

Just about any TNC that supports KlSS mode can 
be used with these programs. The difference between 
one TNC and the next is the set of commands used 
to get the TNC into KlSS mode. The TNC used to pre- 
pare these programs is a Kantronics KPC-2, which can 
be used with either true RS-232 compatible computers 
or the TTL levels used by the C-64. When using 
another TNC, refer to its operating manual for the 
necessary commands. 

The simplest (and sometimes most useful) program 
that can be written for KlSS mode is one that displays, 
in hex, the bytes the computer receives from the TNC. 
This program lets you see everything there is in a 
frame, including the CO bytes at the beginning and 
end. 

The program for the C-64 is listed below: 

10 PRINT CHRS(147) + CHRS(5);:POKE 53280,O:POKE 
53281 ,O 

20 OPEN 2,2,3,CHRS(7): GET# 2,AS 
30 PRINT# 2,"KISS ON" +CHRS(13) +"RESETu 
40 HS = "0123456789ABCDEF" 
50 GOSUB 100: A=ASC(AS) 
60 PRINT MIDS(HS,A/16+ 1,l) + MIDSIHS,IA AND 

15)+1,1)+" "; 
70 GOT0 50 
100 IF PEEK6671 = PEEK(668) THEN 100 
110 GET# 2,AS: IF AS = "" THEN AS = CHRS(0) 
120 RETURN 

Go through this program line by line noting the sub- 
tleties. This will help if you want to convert it to 
another version of BASIC. Line 10 uses a print state- 
ment to clear the screen with CHRS(1471 and set the 
character color to white with CHRS(5). There are sin- 
gle keystrokes that could be enclosed in double quote 
marks for these, but since they usually don't repro- 
duce well in listings the equivalent CHRS forms are 
used instead. The two POKE statements set the back- 
ground and border colors to black. While these colors 
work best on my color monitor, you may change them 
if you prefer. 

Line 20 opens the serial port as device 2. The 7 in 
the CHRS(7) specifies 600 baud operation. The default 
of 8 data bits with no parity matches the format of 
data from the TNC when in KlSS mode. Because 600 
baud operation has been specified (the C-64 may not 
operate reliably at higher speeds), the TNC must also 
be set for 600 baud operation to the computer 
(ABAUD 600 for the KPC-2 TNC). The GET# 2,ASS 
turns on the interrupt system. Any byte actually read 
at this time is discarded. 

Line 30 sends commands to the TNC as if they had 
been typed during normal use of the TNC. "KISS ON" 
tells the TNC to turn on KlSS mode. This actually hap- 
pens when the TNC is reset. Using CHRS(13) is the 
same as pressing the return key after typing KlSS ON. 
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Next, "RESET" is sent to the TNC. Because there is 
no semicolon at the end of this print statement, BASIC 
also sends a return character to the TNC along with 
a line feed which the TNC ignores. 

Line 40 initializes a string to the hexadecimal digits 
used later to display the bytes in hex. 

Line 50 calls the input routine that gets one byte 
from the TNC as the character variable AS. The deci- 
mal equivalent is also put in the variable A. 

Line 60 prints the byte received in hexadecimal form 
by using the high and low order 4 bits of the bytes, 
each of which selects a character from the string HS. 
This method is used to print a byte in hexadecimal as 
C-64 BASIC doesn't include such a function. After the 
two hexadecimal characters are printed, two blank 
characters are printed. A single blank could be used 
between the hexadecimal values instead, giving more 
values on a screen, but two blanks keep the values 
lined up in columns. You may change this as you wish. 
After a byte in hexadecimal has been printed, Line 70 
goes back to get the next byte from the TNC. 

Line 100 begins the byte input routine. It's written 
as a subroutine for convenience in later programs, but 
could be included where called in line 50 of this pro- 
gram because it is only called from one place. 

Besides getting a byte from the TNC, this input rou- 
tine overcomes two problems found in the use of GET# 
alone. The first is that GET# always returns immedi- 
ately whether a character is available or not. Locations 
667 and 668 are addresses of bytes in the input buffer 
of the interrupt routine. When these addresses are the 
same, no characters have been received. The loop of 
line 100 waits for a character to be received. The sec- 
ond problem with GET# is that it gives a null string, 
both when no byte has been received and when the 
byte received is all 0 bits. 

Since a byte of all 0 bits is valid when dealing with 
KlSS mode, line 110 replaces a null character string 
with a byte of all 0 bits. You can do this because at 
line 110 a byte has been received. Line 120 simply 
returns to line 50 with the received byte in AS. 

Output from this program might look like the fol- 
lowing: 

C O 0 0 9 2 8 8 4 0 4 0 4 0 4 0 0 0 A E  
82 70 84 00 9C 01 03 FO 4D 53 
59 53 20 69 6E 20 4B 49 52 54 
4C 41 4E 44 2C 20 4F 48 20 20 
57 41 38 42 58 4E 20 31 33 2F 
42 20 20 57 41 38 42 58 4E 20 
31 2F 4E 20 00  CO CO 00 9A C2 
D2 D8 40 40 00 AE 82 70 84 BO 
9C 01 03 FO 40  61 69 6C 20 66 
6F 72 3A 20 41 4C 4C 20 CO 

Here there are two frames, each beginning and end- 
ing with CO. Because the C-64 uses a 40-column dis- 
play, there will be only 10 bytes per line. To study the 

output, run the program during periods of low activity. 
Pressing the RUN STOP key will halt the program and 
let you study what's on the screen. (By the way, don't 
attempt to modify the program to send the screen out- 
put to the printer. Interrupts on the C-64 are turned 
off when it's printing and this prevents bytes from 
being received properly from the TNC.1 

The output may include a few initial bytes that aren't 
in KlSS mode. This is simply output from the TNC 
before it was switched into KlSS mode. Turn the TNC 
off to get it out of KlSS mode. 

The IBM PC version of the program is structured 
like the C-64 version: 

10 CLS 
20 OPEN "COM1:600,N,8,1,CS,DSSCD" AS 2 
30 PRINT R,"KISS ON" + CHRS(13) + "RESET" + 

CHRS(13); 
40 HS = "0123456789ABCDEF" 
50 GOSUB 100: A=ASC(AS) 
60 PRINT MIDS(HS,A/16+ 1.1) + MIDS(HS,(A AND 

15)+1,1)+" "; 
70 GOT0 50 
100 AS = INPUTS(1.2) 
110 RETURN 

Each line performs the same functions it did in the 
earlier program. Although BASIC on the IBM PC does 
provide a function to convert to hexadecimal, it gives 
only one hex character for values between 0 and F. 
Because this would cause variations in the spacing of 
the output, the same method used to convert to hex- 
adecimal in the C-64 program is used again. 

The input subroutine that begins at line 100 is sim- 
pler in this version of the program, since the INPUTS 
function found in BASIC on the IBM PC does all you 
need it to do. The output from this program looks 
much like the output from the C-64 version, except 
that now there will be 20 hex values per line. It's also 
possible to substitute LPRINT for PRINT in line 60 to 
send the output to the printer. 

Suggested modifications 
Now that you can see all the bytes in the frames 

and have verified that the format is indeed as 
described, what next? You can get a copy of the for- 
mat descriptions of the various packet types, and see 
how the bytes displayed fit these formats by decod- 
ing them by hand. You can also make modifications 
to let this program help decode the packets. Adding 
everything needed to fully decode packets results in 
a considerably longer program (about a page long). 
There are a few simple program changes that will allow 
you to see some of the content of the packets more 
easily. 

Try substituting the following statements in the pro- 
gram. They will work in either version. 

October 1988 11 



Model AC 4.8-30 1.0 to 30 MHz 
SWRMax21 141ovemgefrom18to30MHz 
Can be ~mtalled In opaox~motelyaOfl space 
Ideal fm commetclal rewlces for rnultl he 

antenna tuners m addltlonal antennas m s n m  
Handles 1 KW 2 W R P  ICAS 
Higher power models ovallobka on 
special order. Contact w r  
dealer cu foctw 

"7 -m,,,z. ;limn *mW<*" 

/ 0 m O C L W I . I . D  I I 

Model AC 3.5-30 3.5 to 30 MHZ 
~ les r than21horn35 to30MHZ 
Complete assembled Balun terrn~notedbdth 
standard -239 connector '1 811;" 
PowercapablllIy1 W - 2  WPEPlCAS Higher wRPING& ,-VI D L f f i  
p ~ w e r  model IS ava~loble on speclol or* ADD id W 

Designed tm 50 ohm feedllne 
Weother proof balun and balonclno n e w  

I SMILE! YOU'RE ON TV 
Only 
$299 

Designed and 
built in the USA 
Value + Ouality 
from over 25vears 

'I in ATV ... W ~ O R G  

With our all in one box TC70-1 70cm ATV Trans- 
ceiver you can easily transmit and receive live action 
color and sound video just like broadcast N. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on  the air ... it's that easy! 

TC70-1 has >1 watt p.e.p. with one xtal on 439.25.434.0 
or 426.25 MHz, runs on 12-1 4 Vdc @ .5A, and hot GaAsfet 
downconverter tunes whole 420-450 MHz band down to 
ch3. Shielded cabinet only 7~7~2.5".  Transmitters sold 
only to licensed amateurs, for legal purposes, verified inthe 
latest Callbook or with copy of license sent with order. 

Call or write now for our complete ATV catalog 
including downconverters, transceivers, linear 
amps, and antennas for the 70,33, & 23cm bands. 
(81 8) 447-4565 rn-t 8am5:30pm pa. Visa, MC, COD 
P.C. ELECTRONICS TOM (W~ORG) 
2522 Paxson Ln Arcadia CA 91006 M...,...~ I W ~ C V C C \  

60 IF A> =32 AND A <  =I26 THEN PRINT AS;: 
GOT0 50 
65 PRINT "."; 

These statements print as characters the bytes that 
are received from the TNC. Those that are normally 
unprintable will be displayed as dots. Quite a few 
funny-looking characters may be displayed, but you'll 
recognize some strings of characters that make sense. 
You should be able to recognize the text portion of 
the packets that would be seen if the TNC was being 
used normally. 

Here's one output you might get while running on 
IBM PC: 
.... @@@@ . . . p  ..... MSYS in KIRTLAND, OH 
WA8BXN-13lB WA8BXN-1 I N  ........ @@ ...p ...... Mail 
for: ALL . 

Note that the spacing on the screen will be some- 
what different. This output corresponds to  the same 
bytes shown in the hexadecimal output examples 
above. 

Another change that you can make follows. Again 
it will work with either version of the program. 
60 A =  INT(A/2):AS=CHRS(A):IF A >  =32 AND 
A <  = 126 THEN PRINT AS;:GOTO 50 
65 PRINT "."; 

These changes will produce character output once 
again, but it will look different. You should be able to 
recognize the callsign portion of the packets (to and 
from callsigns and digipeaters, if any). The callsigns 
are shifted left 1 bit position in the packet, so the pro- 
gram makes them printable by shifting the bytes right 
1 bit position (by dividing by 21. Sample output might 
look like this: 
'.ID .WA8BXN..x&),l.47.%$lX&' " . . I $ . .  + 
. I , ' . . . .  I . . +  .!'...I.! 

'.Mail .WA8BXN..xEt046.379.. &&. ' 
Again, the output on the screen may be spaced 

slightly differently from what appears here in print. 
These are the same bytes, just looked at a different 
way. 

Conclusions 
These programs and their modifications should help 

you start using KISS mode to  explore the details of 
packet radio. Anyone familiar with BASIC should be 
able to  understand and modify the programs further. 

Many improvements are possible; the possibilities 
are endless. Modifications can be made to monitor 
channel usage (Are the beacons really using up that 
much channel capacity?) or decode nonstandard 
packet types (What does all that "garbage" in Netrom 
packets really mean?). Here's a golden opportunity to 
experiment and put your computer and packet gear 
to good use when you're bored with just reading the 
mail. 
Article A HAM RADIO 
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MAC'S 

'he 3CX80ua7 
Varian ElMAC continues to com- 2'12 (6.35 cm) high. C 
mit Its development of rellablc ments are moc 
tubes for HAM radio. tching socket, 

nney and anode clamp 
The new, rugged 3CX800A' ilable. 
power triode provides 2 kW PEI ata shec input for voice service or 1 kV1 
cw rating up to 30 MHz T~~ 110" is avallaole rrorn varlan 

I EIMAC. Or the nearest Elec tubes will meet the new, higher Device Group sales office. power ratings authorized by the or write today. FCC. 
Varian EIMAC 

Designed for toaay s low profile, 301 Industrial Way 
compact linear amplifiers, the San Carlos. California 94270 
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Join the fun at th 
wha teve r  your interest, 
you'll find the Kantronics 
All ModeTM at the top of 
the pack. CW, Radio- 
teletype, AMTOR, ASCII, 
WEFAX and Packet, 
"KAM handles them all." 
HF and VHF simultaneous 
operation? You bet! The 
KAM can operate RTTY 
or AMTOR on HF while 
communicating Packet on 
VHF. Believe it. It's the 
only true dual-port on the 
market. 

World-Class 
Swedish and German 
hams have noticed KAM's 

engineering and are some 
of our biggest fans. The 
Japanese scrutinized our 
features and gave us ideas 
for extras like a subject 
field for the Personal 
Packet MailboxTM, listings 
of digipeater paths and 
more CW characters and 
functions. We are shipping 
KAM around the world. 

Fun for Everyone 
You'll be the envy of the 
airwaves with all the 
modes and features KAM 
brings to your fingertips. 
In addition to Packet, 
ASCII, AMTOR, 



e topof the 
WEFAX, CW and 
Radioteletype, you'll have 
Dual-Port Operation (the 
only TNC offering this 
feature), Personal Packet 
MailboxTM, KA-NODETM, 
gateway, and digipeater 
operation. 

You can operate non- 
packet modes on HF while 
maintaining a packet 
station at the same time on 
VHF. Or run an HF/VHF 
accessible personal 
mailbox or pc-based BBS 
totally dedicated to 
packet. Configure your 
KAM as an HF to VHF 
digipeater (gateway) or 

KA-NODE. Or open your 
LAN to the world. All 
these modes and more 
features are waiting to be 
discovered. Increase your 
station abilities to the most 
advanced available. 

Today and 
Tomorrow 
KAM is packed with all 
the latest features of today 
with Kantronics-written 
firmware. And since we 
write and copyright our 
own firmware, we're in a 
position to lead you into 
the exciting modes of 
tomorrow first. We have a 

pack! 
history of keeping our 
customers current. Proof is 
in our firmware updates 
(2.7 in 1987 and 2.83 in 
1988) offered at a fraction 
of the cost of a new 
purchase. 

S o  join the fun, join the 
Top of the Pack. 

RF Data Communicalions Specialists 
12117 1 13 SlLawrrnce K R ~ ~ s  660461913) 842-7745 

Kanlronics All-Mode. KAM. Personal Packet 
Mailbox, and KA-NODE are trademarks of 
Kanlronics Company. I ~ c .  



 YOU'^ In A Separate "Class" With The SB-1400 Transceiver 
The world is at your fingertips with the NEW For a FREE Heathkit catalog, send in your 

Heath SB-1400 All-Mode Transceiver featuring dual QSL card o r  mail the coupon below. 
VFOs and 20 memory channels. With a price tuned 
into your budget, the SB-1400 is an assembled 
SSB/CW/AM and optional FM transceiver that r-------------------------- 
delivers lOOW of PEP output on all nine HF amateur I Yes, send me a FREE Heathkit Catalog. 
bands, with 100kHz-30MHz general coverage I Send to: Heath Company, Dept.122-704 
reception. I Benton Harbor, Michigan 49022 

The SB-1400 is the latest addition to Heath I 
Company's full line of amateur radio equipment - 
evervthine vou need to com~letc  vour ham shack. 

d - 2  

Heath Company also c;rriesan extensive line of 1 Addmsr ~ p t .  - 
other electronic products. Frum computers to 
television sets, from test instruments to s t e m s ,  every City 

Heathkit@ product - kit and assembled - is backed bv 
40 years of dedicated attention to design, qualitv I State ZIP 

I R sub~ld8aty 01 zontln Eloctron!rlr Corporallon 

and durability. 1 AM-451 . .  - 

- .  I Heath Company 1 - ;m:.: ;? ' 
--: 7,-., - - " 7 .  . 

I 
rl- ,, , .;; .". .. ' ' 
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DESIGNING A 
STATION 
FOR THE MICROWAVE BANDS: 
PAKT THREE 
By Glenn Elmore, NGGN, 550 Willowside 
Road, Santa Rosa, California 95401 

D art 1 discussed some of the advantages micro- 
waves can have over lower frequency signals 
for point-to-point communications. I 

presented a generalized approach using phaselock 
techniques which allows access to the calling fre- 
quency on each Amateur microwave band and sup- 
ports linear signal conversion: SSB, CW, and other 
narrowband modes. You can obtain a spectrally pure 
and precise local oscillator signal for any of the Ama- 
teur microwave bands with a single pc board design 
in several separate loops, including only those com- 
ponents needed for a particular loop. Table 1 in Part 
1 showed that you can obtain SSB operation on all 
the Amateur bands from 1296-24192 MHz using a 
1010-MHz reference oscillator to downconvert and 
phaselock an available microwave oscillator, along 
with an appropriate i-f and microwave signal mixer. 

I've demonstrated this approach with the descrip- 
tion of a 10368-MHz SSB station. But, its broader 
applications shouldn't be lost in the specifics of the 
10-GHz example; the technique can be used with 
all of the microwave bands. You can achieve 1296- 
MHz, 2304-MHz, and 10368-MHz operation by adding 
the signal mixerlfilters (a harmonic mixer with 1010- 
MHz LO drive can be used on 2304) once circuits for 
the 100-MHz quartz oscillator, 101 0-MHz coaxial oscil- 
lator, and 10-GHz oscillator are functioning. Operation 
is possible at 3456 MHz and 5760 MHz with the addi- 
tion of an oscillator/downconverter and signal 
mixerlfilter. You can add more microwave amplifica- 
tion for transmit and receive on a band-by-band basis. 

Although Table 1, part 1 showed how to get on all 

1296 MHz-I0 GHz 
in one compact 

station 

, 
z e o - z s o u n r  z O . 3 0 u M ~  
TRAYSK?RTER WF TRANSCEIVER 

I 2 9 6 Y M I  
UMER/FILTER. 
IAYPS).  
ANTENNA 

Once the 10388-MHz station using the 280.290 M H z  signal i-f 
is built, 1296 and 2304 MHz are immediately available. The two 
microwave bands in between, 3466 and 6780 MHz,  may be 
included by adding suitllble VCOs at 3170 and 5480 MHz, along 
with harmonic mixem and circuitry to convert their PLL i-f 
to 20 MHz. 
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Five-band operation is easily obtained using this phaselocked 
transverter. 

the bands using the 1010-MHz signal, some of the 
alternatives result in inverted tuning (high side LO) and 
a 432-MHz i-f. If you include a frequency conversion 
after the PLL harmonic downconverter, normal tun- 
ing and exclusive use of the 280-290 MHz i-f is feasi- 
ble. Figure 1 shows the block diagram for a five-band 
LO. You don't need to construct additional phaselock 
circuitry; you can use the 10-GHz phaselocking circuits 
for multiple bands as long as you provide similar oscil- 
lator tuning sensitivities. To change bands, simply 
switch the power and PLL i-f to the desired oscilla- 
tor/downconverter. Photo A shows a phaselocked 
transverter with provision for five bands, having little 
more circuit complexity or size than previous single- 
band units. 

You can get immediate 10368-MHz SSB operation 
if you have a 148-MHz transceiver and proper refer- 
ence frequency to give a 10220-MHz LO. However, 
you'll need a 280-290 MHz i-f to take advantage of the 
potential multiband operation. Part 3 shows the cir- 
cuits for the 260-MHz ohaselocked oscillator, and the 

standard (or ;he 1bO-MHZ h s t a l  if it's operated 
unlocked) by using another common phaselock board 
and building a VCO at 260 MHz. 

Obtain the WMHz PLL i-f by mixing the VCO out- 
put with the third harmonic of a 100-MHz reference 
signal. A standard double-balanced mixer (like an 
SRA-1) works well because it's effectively an odd har- 
monic mixer. A harmonic downconverter produces an 
appropriate i-f for locking. The oscillator uses a junc- 
tion FET. (I make no claim that it's the best that can 
be done.) It isn't necessary to have superlative spec- 
tral purity in this application because, unlike the 1010- 
MHz case, no higher harmonics are used for further 
phaselocking; simplicity of design and ease of con- 
struction win. Even so, the spectrum of this LO when 
locked is good, and doesn't contribute significantly to 
microwave signal phase noise. The 260-MHz bandpass 
filters and buffer stages are present only for isolation 
and to keep any reference frequency derivatives from 
showing up on the 260-MHz signal. If you take care 
to separate the PLL i-f signals from the main 260-MHz 
output, any spurious signals are at least 75-dB down. 
Photo B shows the oscillator. 

You'll need a 40-MHz reference frequency to lock 
this oscillator. A 20-MHz ECL reference signal drives 
a bipolar transistor frequency doubler, which drives 
an extra ECL line receiver. These circuits are located 
on the previously constructed 100-MHz reference 
board. 

As with the 1010-MHz downconverter circuit, a 100- 
MHz bandpass filter and amplifier keeps any lower fre- 
quency signals on the ECL output from passing 
straight into the PLL i-f amplifiers through the har- 
monic mixer. 

All of the locking circuits are identical to the ones 
used before. Table 2, part 1 shows component values 
for the loop filter. Component values for the lowpass 

MHz intermediate frequency required for multiband 
microwave overation. I'II also show the two-stage 
GaAsFET amplifier used for the 10368 station. 

- 

260-MHz local oscillator 
I'II begin the description of 280-290 MHz transverter 

with the 260-MHz phaselocked LO. It would have been 
easy to use a conventional approach because this 
transverter isn't very different from a low power (zero 
dBm) 220-MHz one. I could have used an 86.666-MHz 
crystal oscillator followed by a tripler and appropriate 
filtering, but I didn't want to compromise the fre- 
quency accuracy of the microwave station with a less This oscillator is used in obtaining the =MHz LO. 

18 5 October 1988 



Start Your Winter Project at The ShackB I 
I Save With Our I Auto AC Controller 1 "~otline" Order 

Service 

I A 
Your Radlo Shack storP mnnaqer 
can phone in a spec~al order I& a 
wide variety of parts and accesso- 
rtes not In our catalog-tubes. ICs. 
Dhono stvli. diodes. crvslals and 

& S ~ i k e  Protector 

Allows one componenl lo act as a 
master sw~tch for up to four other de- 
vices, and protects agalnst damag- 
Ing voltage sp~kes. Use !he on/off 
control of a TV, V C R  or slereo to turn 

I inuch more. No postage or han- off the entlre system, or use wtth a 
dllng charges, no mlnlmum order1 clock rad~o or VCR lor t~med opera- 
We II phone when your order ar- tlons Includes notse fllter and 
r~ves ~n about a week breaker UL l~sted AC #61-2781 

New Novice-Exam 
Preparation Kit 
Everyth ing You Need t o  
Painlessly Prepare fo r  

The Voice-Class License 

1gg5 
Helps you quickly prepare for the 
new FCC exam. You get two au- 
dio cassettes for self-paced 
Morse code learning plus prac- Take Advantage o f  the  
tlce exam and an. Enhanced-Novice Privi leges 
swers. #62-2402 O n  Amateur Radio! 

I - ~ i g h - ~ r a d e  coax i RF Connectors ( Computer Hookups I Toroid Choke Coil 
Cable in Bulk 

(3) 14) 

(1) 
Highest  Qual i ty  RF 

Connectors lAdapters 

52 276- 1323 
8IM 52 276-1328 

'9546 Shielding-Super-low loss 

tenna connections. 
U276-1645. 2.49 We also stock TNC. BNC and F t y w  

(3) 

"D" Submini 
Solder-Type 

For cornputrrs modems and packel 
Co"1,011e1s 

Use lo attenuate RFI in m~ke and 
speaker cable, phone Ilnes, com- 
puler r~bbon, antenna coax and 
more It's a snap to use-just wlnd 
the cable through the core and snap 
closedl There's no need to remove 
AC cord or cable term~natton W~th 
data and detatled Instructions. 
#270-104. Pkg. 01 216.95 
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l 6 0 M H z  VCO BUFFER AMPLIFIERS 

Z6OYHz BPF 

BOTTOM VIEW 

- - - - - - - - - - - - - - - - - - - - 
INDUCTANCES IN  oH PLL i - l  AMP ON (SAME1 

CAPACITANCES IN pF 
COMMON PHASELOCK BOAR0 

EXCEPT OECIMAL VALUES IN r F  

IODMHz AMPLIFIER 

The 260-MHz phaselocked LO for the 280-290 MHz transverter uses a simple junction FET oscillator and two different amplifiers 
- one for the signal mixer and the other for driving the harmonic downconverter. 

Discover 

Matchlng XFMR 
L~ne Isolator 
Vert Radlator 

Passport 

Coax fed 
Assembled 
$69.96 . , HF wire anlennas 

Rugged new baluns 

Contact Jim. W4THU 
- free discounl catalog 

Send $1 for catalog by 1st Class mail. 
Box 6159. Portsmoum. VA 23703 

(Dealer lnqulrles welcome) 
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THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX 
Part NO. Dascriptlon Price 
321-11064-3 ~ N C  2 PST 28 volt coaxial relay. 

Amphenol 
Insertion loss: 0 to 0.75GHz. 
0.10dB 
Power ratlnp: 0 to 0.5GHz. 100 
walls CW. 2 kw peak 
Isolation: 0.1 GHzl45db. 0.2 GHZI $25 used 
40db, 0.4 GHzBSdb tested 

83-822 PL-259 Teflon, Amphenol 1 50 
PL-259lST UHF Male Sllver Teflon. USA 1.50 
UG-21DIU N Male RG-8,213,214. Amphenol 2 95 
UG-21BlU N Male RG-8, 213. 214, Kings 4 00 
9913lPIN N Male Pln for 9913.9086. 8214 

f ~ t s  UG-21DlU & UG-21BIU N's 1 50 
LG 2lDl9913 h Idale lor RG-8 ~ ~ r h 9 9 1 3  Pin 3 95 
LG 21019913 h Male lor RG 8nl ln9913  PI^ 4 75 - -  - - ~~ - 

UG-1461U N Male to 50-239, Teflon USA 5 00 
UG.831U Female to 50-239, Teflon USA 5 00 

"THIS L IST REPRESENTS ONLY A 
FRACTION O F  OUR H U G E  INVENTORY" 

THE R.F. CONNECTION 
21 3 North Frederick Ave. #I 1 

I 
Ga~thersburg, MD 20877 1 (301) 840-5477 r 111 

VISAIMASTERCARD: Add 4% 
Prices Do Not Include Shipping 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized 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 Road 
Trevose, Pa. 19047 
2 1 5-357-1 400 rn 



NYE Takes the fear out of full power antenna tuners, 
and the guesswork out of PEP measurement 
with these two MUST SEE PRODUCTS!! 

MB-V-A RFM-003 

Discover this durably built, feature packed MB-V-A Antenna Get correct easy to read measurements of PEPfor SSB. 
tuner. You'll find operating conveniences that make antenna AM, and Pulse along with full timecompletely automatic 
tuning a snap and value engineered to do the job over wide SWR display with this unique Power Monitor System. 
operating ranges. Compare quality, features and the NYE Two models to choose from: The RFM-003 for 3KW 
VIKING TWO YEAR WARRANTY. indication and The RFM-005 for 5KW. 

CHECK THE FEATURES: I 
PI Network Low Pass PI Network lunlng 1 8 30 MH7 Heavy duly sliver ploled I31Modm- Peak Average and Prak and Hold w ~ t h  a un~qtsnon-dr l f l  Sample& 
conl~nuously variable ~ndurtor w ~ l h  25 1 vernlel d ~ a l  7000 voll varlahle c Hold Analog memory clrcull 
capacllor and 10 WOv sw~ l ch  selecled l ~ x e d  capacllors on oulput slde Tunes 
40-2000 ohms loads Good Harmon~c suppresslonl I I21 Ranges - Aulomat~cally sw~lched power scales lo 5 KW 

Antenna Swilch PUSH-BUTTON anlenna swltchlnq l o  141 antennas (2 coax . Remde Cwplers - SIX lee1 renioles Ihe ~nterchanqeable callbraled couplers 
slnqle wlrc and lwln leadl Coax bypassed on flrsl coax oulpl~t  We des~qned 
t h~c  SWIIC~ 10 take the power Raled al  IOKV and 20 amps I True RMS Conversion - H F couplers [lee lorward blased lul l  wave delecl~on 

Automatic SWR Hands free melerlng of  SWR or callbrallon nr,ded 
Separate power meter-3W Or I alltomallcally swllched E'lsy lo 
read 2 5 lececsed atid back I~ghled laut band melers 

3 KW Balun Trlfler wound tr~ple core lo r ro~d glves balanced output lo twln RuggedConstructian- Heavy qauqealrtm~numconelrucllon Topqualltvqlass 
leeder lrom 200 to 1M)O ohms and unbalanced oulpul down l o  20 ohlns I epoxy PCB Th~s tneler IS bull1 l o  lasl 

Fully Automatic SWR - Full llme meter d~splavs rallos dlreclly w~thoul drll l  

Buill-In ALO - Prolecl your ampllf~er lube Investmen1 w ~ l h  t h ~ s  fasl acllng 
lock0111 

. Maximum Power Transler Malch your lransmlfler oulpul lnipedence lo almosl 
any anlenna syslem lor maxlmum power transfer Ampltl~ersonly run at lhelr 
deslqned 0 when propprly malched 

OTHER NYE VIKING PRODUCTS 

Accuracy - Guaranteed l o  * 5" F S 

Warranly - TWO FULL YEARS 

Model Opllons. MR-IV-A1 ~ncludes all ME-V-A fealures less antenna swllch and 
balun MR IV.@ 1s tdenllcal lo ME IV-A1 wllh llie addll~on o l  a lrtplr core 
balm 

18 MHz wlll no1 lune on some anlennas 

Phone Patches - Electronic and Memory Keyers - Squeeze Keys - Straight Keys - Code 
Practice Sets - SWR Wattmeter for the blind - Low Pass Filters - All Band Antennas and more. 

ASK FOR A FREE FULL LINE CATALOG. 

Added Features - Sw~lchable reverse power all mode meterlng - Full slatus 
LED Dtsplay - Adlustable ALO 1s sw~lrhable SWRIREFL power - Heavy 
d r~ l v  Nlcad baller~es charged by Ihe app l l ~d  RF lor the f~e ld  and a charger 
IS supplted lor fasl charg~ng and backl~qhllnq ol  !he laul band meters for the 
ham shack 

T O  ORDER. CALL YOUR FAVORITE DEALER 
Amateur Electronic Supply Barry Electronics 
Ham Radio Outlet C-Comm 
Henry Radio Missouri Radio 
Madison Electronics Quement Electronics 
EGE Texas Towers 
R & L Electronics Ham Station 

Wm. M. Nye Co. Inc. 
1614 130th Ave. N.E. 
Bellevue, WA 98005 
TEL: (206) 454-4524 
FAX: (206) 453-5704 
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Stay in touch with the technology that is affecting our for the reader who wants to learn and remain up-to-date 
everyday lives. Four new books, easy-to-understand with products impacted by new technology. 

Electronic Life-style is about electronic products that are With over 2500 modern technology terms and abbrevia- 
touching our lives. It helps make sense out ol the latest lions, over 150 ol them with illustrations, the Technology 
high-tech products, in non-technical language. This book Dictionary IS a source ol knowledge for terms and defini- 
tells what the products do and how they do it, and helps lions covering the high-technology world ol electronics. 
you to better useand enjoy them. Fully illustrated computers, telecommunications, video and consumer 
with photos in full color. 160 Pages. Soltcover $14.95 electronics. Clear, understandable, easy to read. ' 7% 176 Paaes. Softcover, 

Need help in deciding on telephone services? Save On 
Telephone Sewices for Home and Business provides 
the answers. It discusses what services are prov~ded by 
local and long distance telephone companies, and tells you 
how to choose and manage these services. Learn about the 
present nationwide telephone companies different 
telecommunications networks.168 Pages, Softcover. $9.95 ---------------- 

Using Video in Your Home provides knowledge and under- 
stand~ng of the latest video products and what functions they 
prov~de - TV receivers, monitors, VCRs, video players, video 
cameras and camcorders, video systems interconnections and 

even a troubleshooting guide - in clear $12.95 everyday language. 176 Pages. Softcover. 

------------ - 

L"TrnY - - Mall check or money order lo: Masler Publishing. Inc., 14 Canyon Creek Village. MS 31. 
I 

1 - 400-32 Electronic Lile-Style 6 1  $14.95 - 
R~chardson. Texas 75080. Orders ~n Continenlal US. shipped prepaid. Foretgn orders I 

1 - 400-31 Save On Telephone Services (N $9.95 = Prepay in US. lunds, include shipping cosls. Prices subject lo change wtlhoul notice. I 
1 - 400-03 Technology Dictionary f i ~  $7.95 - - 

Name 
I 

1 - 400-04 Using Video in Your Home 61 $12.95 = I 
( - TOTAL Shipping and handling per book f i r  $1.50 = 

Address 
I 

I SUBTOTAL I 
i b?& Master Publishing, Inc. TAX' cil Y Stale ZIP I 
I TOTAL I 
0 1W Masler Fubl~sh~m~ Inc 'bas resldenls add stale and local sales !ax on subloial 

HR 122 L,,,------------------------------------- 

IF YOU BUY, SELL OR COLLECT 1 OLD RADIOS, YOU NEED ... I 
ANTIQUE RADIO CLASSIFIED 

~ n t h u e  Radio's 
Largest-Circulation 
Monthly Magazine 

FREE SAMPLE COPY! 
Classifieds - Ads for Parts 6 Services 

Articles - Auction Prices-Flea Market Info. 
Also: Early TV. Ham Equip.. Books. Telegraph. 

Art Deco. 40's & 50's Radios & more... 
Free20-wordadeach rnonlh. Don't miss out! 

&Month Trial -$11. 
1-Year: $19 ($28 by 1st Class) 

Fareign by air - Canada: $30: Mexico: 328: Olher: $55 

A.R.C., P.O. Box 2-A4, Carlisle, MA 01741 
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BLACK DACRONo POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRONm 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LLSEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqutr~es lnvlted 

24R~A\IE..BUILDNG21 
synthetic MNTURA.CALIFORNIA930m 
textlles.inc. (805) 6587903 .. . . ." ... ...... ........ I 

K COMM., INC. 
THE HAM SrORE 

Stocking all major lines. San Antonio's 
Ham Store. Great Prices-Great Service. 
Factory authorized sales and service. 
Hours: M-F 10-6. SAT 9-3 

KENWOD 
vAaau W 
m m j "  

5707A Mobud 
San Antonio, TX 78238 
800-344-31 44 

Orders Only J 116 



40MHt 
REFERENCE 
TO 2 6 0 W r  
LO BOAR0 

470  * I N  OF 10116 ISPARE ON IOOMHz 
REFERENCE BOAR01 

- - -- - 

The 260-MHz locking circuitry requires a 40-MHz reference 
frequency. This is obtained by doubling the existing 20-MHz 
ECL signal in a transistor and restoring ECL logic levels with 
an extra 10116 line receiver. 

filter after the harmonic mixer are modified to pass the 
40-MHz PLL i-f. Use the jumpers marked "-" on the 
common phaselock board. Figure 2 shows the 
schematic of the oscillator/amplifier and PLL i-f. The 
40-MHz reference circuit is shown in fig. 3. Figure 
4 shows the spectrum of the phaselocked 260-MHz 
oscillator. 

280-290 MHz transverter mixer, 
amplifiers, and switching 

Figure 5 shows a block diagram for the 280-290 
MHz transverter, fig. 6 is the schematic diagram and 
fig. 7 shows the dc biasing scheme. I tried to use easy 
to find parts and a design requiring a minimum of test 
equipment for final tuning. Broadband amplifiers are 
used in the hf and VHF portions of the transverter. 

The spectrum resulting from phaselocking the 260-MHz VCO 
is quite clean. Both spurious signals end noise are smell com- 
pared to the carrier. 

Frequency selection is performed with a lowpass fil- 
ter at hf and two 2-resonator filters for VHF. It's desira- 
ble to have a moderately high-gain low noise input 
stage to set the overall noise figure on receive at VHF. 
I chose an MMlC since AvantekIMini Circuits MMlCs 
seem to be easy to find at reasonable prices. I tried 
a MARS (Avantek MSA-0885) first, and got good per- 
formance after taking care with grounding and con- 
struction techniques. To increase stability, I used a 30- 
ohm resistor in series with its output. The MAR8 
doesn't have heavy internal feedback to control its gain 
(and SWR), and provides a noise figure in the area 
of 3 dB. But this device is only conditionally stable and 
has lots of bandwidth - several GHz of it. You must 
control feedback paths as well as source and load 
impedances over a very large frequency range in order 

2 8 0 - 2 9 0 M H z  M4R-6 280-290MHr 
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The transverter uses a conventional double balanced mixer, broadband amplifiers, and appropriate filtering to  convert the 
20-30 MHz hf transceiver to 280-290 MHz. Transmitlreceive switching is performed by PIN diodes and a dc switching circuit. 
which provides bias for the appropriate stages. Transmit output power of about 0 dBm (1 milliwatt) and receive conversion gain 
of about 8 dB is provided. 
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The MARS is unconditionally stable, with better input 
and output match. This is important because the 280- 
MHz filter, if not the microwave signal mixer, requires 
low SWR terminations for minimum ripple and inser- 
tion loss. However, the MARS has lower gain at 280 
MHz than the "resistor stabilized" MAR-8. This results 
in a 0-3 dB conversion gain for the transverter with 
the MARS, in contrast to about 8 dB with the MAR- 
8. The extra gain with the MAR-8 helps the noise fig- 
ure by overcoming the 280-MHz filter losses and inter- 
stage amplifier noise figure. Measured overall, trans- 
verter noise figure is about 3 dB with the MAR-8 and 
5 dB with the MAR-6. If you use signal frequency 
amplifiers, and not just a "barefoot mixer", the lower 
conversion gain and higher noise figure of the MAR- 
6 may not be a concern. If you choose a MAR-6, 
change the collector bias resistor to 390 ohms and 
remove the 30-ohm series resistor required for the 
MAR-8. 

I use a BFR-96 on transmit, with the appropriate col- 
lector and feedback resistances, to provide a com- 
promise of gain and match at 280-MHz. This stage 
only needs about zero-dBm output to drive the signal 
mixer (assuming microwave LO power in the + 10 
dBm vicinity). The interstage amplifiers used between 
the two filter portions ensure a good input and out- 
put match forathe filters to work against. I could have 
used a 4-resonator filter without interstage amplifiers 
instead of twin 2-resonator sections, but I felt that 
tuneup without test equipment would be harder. The 
mixer should probably look into a broadband 50-ohm 

i l P P  18 M H z  i T I l P  600 M H z  
"iS RW  3 C i l i  t i * .  3 *HZ 5 W P  1 1 7  5PC 

The spectrum of this transverter on transmit shows unwanted 
signals suppressed by more than 60 dB. At full output of about 
0 dBm only the 280-MHz LO feedthrough and the second har- 
monic of the signal are visible. 

termination instead of a filter for best signal perfor- 
mance and lowest conversion loss, but once again 
simplicity won out. Unwanted LO leakage and image 
signals should be at least 60-dB below maximum out- 
put. Figure 8 shows the output spectrum of the trans- 
verter on transmit. 

For transmitting, special circuit versatility is neces- 
sary in the transverter's hf circuit. This is because 
there's no standard transvert-mode output power level 
for modern multiband Amateur transceivers. Some 
manufacturers provide outputs of 1-100 milliwatts, 
while others are almost 30 dB less. I used another BFR- 
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91 stage which can be "programmed" for various 
gains. The values on the schematic are right for my 
ICOM IC-751; it puts out about - 15-dBm maximum 
on SSB/CW transmit in transverter mode. If your 
exciter has more drive than this, you may need to elim- 
inate the stage or put in a resistive attenuator. As 
shown, the transverter puts out about 0 to + 3  dBm 
on voice peaks of my IC-751. The PIN diode switch 
lets the full mixer output reach the receiver during 
receive. If your station receiver has particularly low 
gain, you could include another amplifier stage here. 
This shouldn't be necessary for most applications 
using microwave preamplifiers. Even with a "barefoot 
mixer", the transverter as shown exhibits 8-10 dB con- 
version gain on receive. This should make up for most 
of the conversion loss from a microwave mixer. 

The 280-290 MHz filter was designed to be easy to 
use and construct. The inductor is an extremely sim- 
ple and reproducible wire-over-ground plane. I was 
concerned that most of the coupling between reso- 
nators might be between the tuning capacitors them- 
selves, and too dependent upon construction tech- 
nique and layout. However, construction with a 
number of different types of tuning capacitors 
produced similar results. 

Other possibilities 
Because this filter is the only block (besides the LO) 

which controls frequency, you should be able to obtab 
transverters for 144, 220, and 432 MHz by changing 
the filter elements. This might be attractive at 220 MHz 
as a frequency doubler driven by the 100-MHz refer- 
ence could provide the LO. A 120-MHz phaselocked 
VCO with a 100-MHz downconverter reference and 20- 
MHz PLL i-f would work for 144 MHz. The downcon- 
verter could be a conventional mixer. A fourth- 
harmonic anti-parallel diode mixer with 100-MHz refer- 
ence and 10-MHz PLL i-f would suffice to lock a 410- 
MHz VCO for 430-440 MHz operation. 

Switching 
Because of the number of possible bands, I devised 

a standard transmitlreceive interface - each with its 
own microwave head (mixer, filter, amplifiers and TIR 
switch). You should get full microwave output power 
on transmit, with zero dBm of i-f power. I chose to 
use Vcc on the rf signal line to indicate transmit; this 
allows "daisy-chaining" control. When the hf trans- 
ceiver signals transmit by pulling the NOT-transmit line 
low or putting Vcc on its signal line, the 280-MHz 
transverter amplifiers are turned on in the transmit 
direction, and Vcc is passed to its rf port. As a result, 
the connected microwave circuitry goes into transmit. 
For this reason, hardware for each microwave band 
can be located at, or near, the antenna, minimizing 

feedline losses. Any band can now be selected from 
the operating position by connecting the i-f from the 
transverter. The local oscillator signals incur power 
losses on the way to the heads. But, excess LO power 
is generally available and microwave signal mixer con- 
version efficiencies aren't much influenced by moder- 
ate reduction of LO drive, as long as LO power is 
several dB greater than the maximum i-f power of zero 
dBm. Even at 10 GHz where losses are greatest, you 
can probably locate the microwave head and antenna 
at least 10-20 feet from the operating position if you 
use good quality coax. All that's required between the 
operating position and the head for each band is the 
connection of two coaxial cables, i-f and LO, and one 
dc power cable (where needed). This allows for con- 
tinuing enhancements in the microwave heads, 
improved noise figure, and higher power amplifiers - 
without the necessity of impacting the local oscillator 
sections. Feedhordhead combinations can be quickly 
exchanged using a single antenna during a band- 
change, if you provide a mount for a standard box at 
the feedpoint of a reflector antenna. 

Because the 280bMHz transverter is electronically 
switched, transmit turnaround time should be that of 
the hf transceiver alone - unless there is a slower 
mechanical T/R switch in the microwave head. Micro- 
wave AMTOR should work with this arrangement. 

Although Vcc may be indicated as 12 volts on some 
of the previous schematics, I actually run the entire 
station from the output of a low-dropout 3-terminal 
adjustable regulator set to I I volts. This tends to keep 
gains and amplitudes stable, and allows operation on 
nearly discharged 12-volt automotive batteries. A sep- 
arate 5-volt regulator provides the power for the ECL 
logic. 

Transverter construction 
I built the 260-MHz VCO in the space on the com- 

mon phaselock board allocated for the 100-MHz oscil- 
lator and divider circuits. Because the board was made 
with lots of component-side ground plane, I soldered 
right to the ground plane or mounted components by 
their leads. Lead length was kept to a minimum. To 
do this, use 118th or 1 /16th-watt resistors, and other 
physically small components. (I find that a large pair 
of tweezers is a great construction aid.) The lower 
impedance of the broadband amplifier stages tends to 
make them less sensitive to parasitic capacitances, 
which can be layout and lead-length dependent. Be 
particularly careful to connect directly the ground end 
of the capacitors and the coils on the 260-MHz band- 
pass filter. A clean, phaselocked + 10 dBm 260-MHz 
signal results if the phaselock downconverter and 260- 
MHz amplifierlfilter portions are kept at a reasonable 
distance from one another. 
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The 280-290 MHz circuits are built using a similar 
technique. But, for this board I started with a bare 
piece of approximately 3" x 6" double-clad 1 / 16th- 
inch thick FiberglasTM pc board material (G-10): I cut 
0.100"square pads and soldered all rf components to 
the board instead of building much of the circuit above 
the ground plane, as I did with the 260-MHz oscilla- 
tor. Cutting out pads is easier than it sounds. You can 
prepare the entire board in one sitting with a micro- 
scope. Use a small hobby knife to cut away the cop- 
per around the pads. You'll get an isolated pad by 
scoring through the copper, then shifting the blade 
and cutting a vee or trough into the top of the board 
around a 0.100"square. As with the 260-MHz oscilla- 
tor, the small component and pad size force you to 
control and limit the lead length. All ground connec- 
tions should first be drilled completely through the 
board in the MMlC area. Then solder the component 
or lead to be grounded on both the top and bottom, 
to reduce the possibility of coupling inside the board. 
I drilled holes to clear the packages of the MMlC and 
the output BFR-96 transistor. This let me solder the 
emitter leads to the topside ground without excess 
lead length. Drill a hole for these leads and solder them 
to the top and bottom ground planes. 

Be sure to follow the dimensions when making the 
filter inductors and mounting the tuning capacitors. 
The spacing between resonators in each pair is impor- 
tant to set filter coupling and provide the correct 8-10 
MHz bandwidth. After cutting the pads and building 
the interstage amplifiers, solder the pc board "fence" 
on both sides around the filter assembly. The hf cir- 
cuitry isn't critical, but I used the same "mini-pad" 
technique. It's desirable to connect the 260-MHz LO 
signal to the mixer with a piece of small coax. Try to 
use coax with an O.D. of 1 /8" or smaller. Use mini- 
mum length on both the mixer and connector ends 
to avoid radiating 260-MHz energy around the filter, 
where it may be amplified during transmit by the out- 
put BFR-96. Such radiation could cause the unwanted 
LO feedthrough to be suppressed by less than 60 dB. 
This radiation would be in-band and small on all of the 
microwave bands, but it's unnecessary. 

I built the dc switching circuits on a piece of bread- 
board, which I mounted at one end of the transverter. 
I suggest using a 0.125-A fuse or foldback current 
limiting in the dc supply until you've finished 
troubleshooting and tune-up because the PNP tran- 
sistors will self-destruct if their cases, or the RX or TX 
supply lines are inadvertently shorted when they are 
turned on. In normal operation, all these transistors 
are used as switches and have very little power dissi- 
pated. I brought out the NOT-Transmit line to allow 
keying when an hf transceiver providing Vcc on the 
signal line during transmit is unavailable. This point 

may also be monitored to tell if the hf transceiver is 
successful in causing the microwave station to go into 
transmit mode. 

260-MHz LO tune-up 
Finish the 260-MHz LO first; you'll use it to make 

the 280-290 MHz circuits work. Check your wiring and 
measure the current to the oscillator and each ampli- 
fier stage individually. As with the other loops, the 
phaselock portion, from the bipolar i-f amplifier 
onwards, can be checked by substituting one of the 
previously completed loops. A moderately sensitive 
detector of 40-MHz energy is desirable to tune the 
downconverter. An oscilloscope or a 40-MHz receiver 
should work. If you have neither, tune the oscillator 
to 271 MHz by listening to the PLL i-f at 29 MHz with 
the station receiver, to the PLL i-f at 29 MHz and tun- 
ing the variable capacitor slowly through its range. Do 
this with 6 volts applied to the tuning input. Verify that 
the signal heard tunes with the correct sense, and that 
you aren't overloading the receiver. Once you hear a 
signal which tunes correctly, peak it by adjusting the 
100-MHz bandpass filter. To verify that the 40-MHz 
reference signal is present, use the diode detector from 
part 2, an oscilloscope, or other detector. To maximize 
it, peak the bipolar frequency doubler's collector tun- 
ing. Once the reference and PLL i-f inputs on the ECL 
phase comparator are at the correct level, the loop 
should lock when the VCO is (reltuned to near 260 
MHz. If you have trouble getting a sufficient level on 
the PLL i-f, temporarily bypass the attenuators on the 
input and output of the isolation amplifier to increase 
signal levels. It may be useful to count the VCO and 
keep track of operation during tune-up if a VHF fre- 
quency counter is available. Once the oscillator locks 
correctly with both isolation amplifier attenuators con- 
nected, peak the 260-MHz output by tclning L1 and 
L2 on the 260-MHz bandpass filter. You should now 
have a clean and accurate 260-MHz LO. 

280-290 MHz tune-up 
After completing rf circuit construction and re- 

checking the wiring, apply Vcc to each of the active 
stages with the switching circuitry disconnected. 
Measure and verify proper collector or emitter current. 
Verify that the TX, RX lines, and their complements 
alternate appropriately between nearly Vcc and ground 
as the TRANS line is alternately shorted to ground and 
allowed to float. 

Once individual stage biases are correct and the 
switching circuits are functioning, complete the trans- 
verter construction by wiring the switched lines to the 
rf circuits. The transverter is probably best tuned on 
receive by using a local signal source in the 280-290 
MHz range. The second harmonic of a 2-meter trans- 
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ceiver may be used, or the tenth of a 10-meter trans- 
mitter. Hook up the 260-MHz LO and the station 
receiver to the transverter. When you identify a suita- 
ble test signal, couple it to the bandpass filter nearest 
the interstage amplifiers on the MMlC side (280-MHz 
signal connector side). Tune the pair of resonators on 
the mixer side for maximum response. Next, couple 
the signal at the MMlC output side of the filter assem- 
bly and peak the other two resonators for maximum. 
The transverter should now be roughly tuned and 
operate on both receive and transmit. You can per- 
form fine tuning to flatten the response over the full 
10-MHz range by peaking one of the resonators in 
each pair on a 281-MHz signal and the other on a 289- 
MHz signal. If a 1290-1300 MHz transceiver is availa- 
ble, generate these i-f signals by connecting the 1010- 
MHz oscillator to a double-balanced mixer filter and 
completing the 1296-MHz station. The Mini-Circuits 
SBL-1X or TFM-2 mixers are only rated to 1 GHz for 
full specifications, but still perform reasonably well at 
1296 MHz. If you use this method, you can tune up 
the transverter on either transmit or receive. 

10-GHz amplifier 
This two-stage amplifier was the next logical step 

in station improvement. Low noise amplificaticn ahead 
of the mixer is necessary to reduce the overall receiver 
noise figure on receive. Without it the noise figure is 
approximately: NF,, = NFif + CEmix ( + 3 dB). 
Where: 
NF,, = receiver noise figure in dB 
NFit = 288-MHz i-f receiver noise figure in dB 
CEmiX = conversion loss of the microwave signal 
mixer 

Even with an amplifier you get the additional 3 dB 
because, unless an image reject signal mixer is used, 
the noise at the image frequency is converted to the 
i-f and degrades the overall noise figure. The system 
noise figure can be essentially that of the amplifier 
alone by providing sufficient gain ahead of a bandpass 
filter which passes only the signal frequency and not 
the image. On transmit it's desirable to have more 
power than the few hundred microwatts the mixer 
alone can achieve; gain is required to do this. Ampli- 
fier gain is worth more than low noise figure because 
it overcomes other hardware noise figure problems on 
receive, and directly adds to output power on trans- 
mit. This can mean 2-dB of station improvement for 
every extra dB of amplifier gain. For these reasons, 
the amplifier was designed to have a compromise of 
good noise figure and maximum gain. 

Design considerations 
Neither low noise or high gain are as easy to achieve 

at 10 GHz as at lower frequencies. Gallium Arsenide 

field-effect transistors are currently the most readily 
available and suitable devices. Recent volume produc- 
tion of 4-GHz N R O  equipment has helped reduce the 
price and improve the performance of these parts. 
Gain elements aren't the only problem - losses in all 
circuit components whether lumped (like chip capa- 
citors), or distributed (like microstrip transmission 
lines), must be kept to a minimum. Another signifi- 
cant problem (though not as noticeable at lower fre- 
quencies) is radiation loss. Wires, lines, and connec- 
tions are no longer small in terms of the signal 
wavelength. Unless you take care to avoid it, a circuit 
can look more like an antenna than an amplifier. Build- 
ing a circuit on a 2-1 12" long circuit board at 10.368 
GHz is comparable to building one on a full-size foot- 
ball field at 40 meters. Packaging circuits at these fre- 
quencies can be a challenge since cavities and 
resonances resulting from mechanical dimensions can 
cause unexpected results. Can you imagine connect- 
ing one end of a coupling capacitor to a goal post and 
the other to the 20-yard line? 

I chose a NEC NE-710 for the input stage and a NE- 
720 (or 2SK571) for the second stage. The 710 has 
lower noise and higher gain, while the 720 is relatively 
inexpensive. The 2SK571, which may only be availa- 
ble in Japan, is a bargain at about 500 Yen ($4 US) 
on the surplus market there. The 710 is matched and 
biased for near minimum noise figure while the 720 
is matched for maximum gain. 

About 6 of these amplifiers have been built. Con- 
sistency has been good with "tuned" gain between 
15.5-17 dB and noise figure between 2.6-2.9 dB at 
10368 MHz, for the group. 

Construction 
Unless suitable microwave test equipment is avail- 

able, you should construct this amplifier after a sta- 
ble narrowband 10368-MHz station is on the air. 
Because it needs to be made carefully, the experience 
gained in getting the downconverter and signal mixers 
operational should be useful in completing this ampli- 
fier. 

The first circuits were made by "cutting and peel- 
ing" the microstrip traces from a piece of woven 
double-clad 1 /32" TFE (TelfonTM-Fiberglass-Epoxy) 
board material. Rogers Corporation DuroidTM with ran- 
dom fibers was used for the final version because it's 
somewhat more uniform than woven board material. 
The woven board material can have a slightly differ- 
ent dielectric constant and shouldn't be substituted 
for the Duroid. 

Use the highest-quality 4.7-pF coupling capacitors, 
especially in the input stage. About 0.5-dB improve- 
ment in noise figure was obtained by changing to high- 
Q capacitors from run-of-the-mill ones. 
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The two-stage 10-GHz amplifier uses a low noise NE710 in the input stage followed by a less expensive NE720 in the second stage. 

Repeatable performance depends upon carefully 
controlled grounding and component mounting. This 
is particularly true relative to the transistors them- 
selves. The transistor source leads are soldered to the 
circuit side ground trace, but front-to-back shorting 
wires right at the transistor package and plated- 
through grounding holes are present every 0.100" to 
maintain good grounding. Careful drilling and wire 
front-to-back connections should work if a plate- 
through pc board process isn't available. The "half- 
moon" radial transmission lines provide an easy way 
to match impedances and connect bias at the same 
time. The bias wire can be a resistor lead or small wire 
soldered right at the junction of the transmission line 
and the radial line. I put a ferrite bead, held in place 
by some silicone rubber, on each of these leads for 
insurance against lower frequency oscillations. The 
other end of these bias leads connects to its associated 
feedthrough capacitor. Position the beads away from 
the circuit board and near the feedthrough capacitors. 
A 5-volt zener is also connected to each of these capa- 
citors inside the compartment for static and over- 
voltage protection. 

Figure 9 shows the circuit diagram for the ampli- 
fier and bias supply. The bias supply (designed by Bob 
Dildine, WGSFH), provided negative gate bias for this 
amplifier and higher power transmit amplifiers during 
the 1987 10-GHz DX record attempts. The LM-10 
allows good regulation without needing excess volt- 
age and current to turn a zener diode on hard. Build 
this supply in a separate shielded enclosure. Use good 

quality bypass capacitors on the input and output lines 
to make sure no switching frequency signals get out 
and contaminate the rest of the station electronics. 

The SMA connectors flanges are soldered right to 
the board material on both top and ground plane sides. 
The notch in the board lets the face of the connector 
flange be flush with the edge of the board. The pack- 
age is made from 0.030"copper sheeting cut to size, 
drilled for the feedthrough capacitors or connectors, 
and then soldered directly to the board as end and side 
walls. The package adds rigidity to the relatively flexi- 
ble board material. Flexing can cause excessive strain 
and coupling capacitor breakage. Therefore, connec- 
tor solder joints must be kept to a minimum. The SMA 
connectors are also soldered to the endwalls. Ground 
the gate and drain the circuits of both devices until 
you complete the assembly. Carefully assemble the 
transistors and coupling capacitors on the board with 
a microscope. Don't use a lot of solder. Take great 
care with these components; once they're soldered in 
place there is little chance of removing and reusing 
them. lnterstage partitions can be made from 0.005- 
0.010" brass shim stock. Notch them just enough to 
allow clearance for the transistor package and source 
leads. Carefully solder them in place after the side walls 
(with feedthrough capacitors and protection diodes) 
are on. The partitions should protrude about 0.100" 
above the sidewalls so that the covers can be soldered 
on after you complete the tune-up. The covers for the 
interstage and output should have 20-40 ferrite beads 
glued to their undersides. This suppresses package 
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The three compartments inside a completed amplifier are visi- 
ble in this photograph. A shim "tuner" can be seen in the out- 
put stage (the largest compartment). 

This photograph shows the amplifier before and after the 
addition of the copper walls, connectors, and covers. Notches 
for the connector flanges and holes for the transistor pack- 
ages are visible on the raw board. 

resonances which could degrade performance. The 
input compartment doesn't have these "absorbers" 
because any additional losses can degrade noise fig- - - 
ure. Krazy GlueTM or similar contact adhesives seem 
to  work and stand the temperature when the covers 
are finally soldered in place. Photos C and D show 
the completed amplifier with covers removed. 

Tune-up 
You can do your tune up once the amplifier and bias 

circuits are completed, and either a station or other 
microwave test equipment is available. With the gate 
bias pots turned all the way down for zero-volts bias, 
gradually increase the drain supply voltage while 
watching the drain current. No more than 4.5volts 
maximum should be necessary; going much beyond 
this will cause the protection zeners to  start conduct- 
ing. This zero-bias drain current, IDSS, varies from 
device to  device; note the value for both stages. Next, 
slowly turn the bias pots to make the gates more nega- 
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OPERATION: Apply pwrer lo 0M0-5588 and adlurlvacuum varlable lomsl SWR I 

I INSlALUlION: OMO.55BB lnsrde ground floor apartment brlck bulld~no 1WW I 

I OX CONTICrS MADE lElWEEN YIM ID 5W 524 P43 PAD TK9 DJ8 GWO CP5 YS9 ZS6 J37 ZDE 
HP9 WP4 IK4 HK6 GM4 15 E A 5  JHI C6 HK6 IK2 GD4 PJ2 UP4 CE1 524 515 KP4 UT4 SP3 CP3 
F9 IK3 N91 UA6 UR2 UP1 YE' UBS IV3 E A 5  lG9 GJ5 ON7 YUl V01 DL6 J73 FT~I 112 LZ1 W 5  
OE4 GI0 G4 WP4 KL7 1 
Become a I s l l e w r ~  Fm ma I n t a m l b  abwtlhh d l i w  n n  a k n n a ,  dl mvms DM0 low 
Llmlted limn lnlm offer: $249.50 + Shipping. 

221 Slater Boulmrd 
Staten Island. NY 10305 

/ 128 @ rrcHNoum 
(718) 979-3505 

COMMANDER I1 VHF 
LINEAR POWER AMPLIFIER 

SPECIFICATIONS 
Fqucnq hngc-144-148 MH7 output Impd.nec-50 OHMS N o m ~ ~ l  

Modes-USE. LSA. RlTY.  FM Anlcnnn M - 2 1  Maltmum 
Harmunlr Suppssmn Dmrn M D B  

R u c r  R c q u ~ m n u -  11li234VAC with 0 b l e d  Outpul 
214VAC rnommendd Inlem*dulst!nn Ciuonlon Dmrn 30 

RF Dne k r - 0 - 1 5  Wlu Nomiml DB Mmlmum 

25 Wn, Max~mum Wrmphl-56 Ihr 
Cahlmt Star- 14%. r 14%. x 0. 

RF h t p t - U +  DB Gain or wcr Tub-3CXRMAl C m m t c / M m I  
650 W m  Trsodc 

l n p t  Impd.--SO OHMS h s s u r t u d  Chassb h d  Air Cmling 

FEATURES 
M u d  Ratio (6 lo  I) on all Tunitq Contmlr for Smmth and Easy Tuneup 
Fmnt Rnc l  I n p l  Tuning Conlml A l lw ing  a Htgkr  C~rcvit  'v lor Exrrllenl L inur l ty  
and a \Cry Lmx l n p t  VSWR all Axmr the 2 Meter Band. 
A Switched Mu l l imna  for Monitoring Plan \bllap. Plate Cum"!. and Grid C u m a .  
Exunu l  Colr ial  Re ly  or Sequencer Needed for Tnnsce~nr  Opcnlion. 
UPS Shipphle. 

MADE IN U S A .  BY HAMS AIR HAMS 

MmU hnn M m b c f i u n  f l  121 

$988.00 (coaxial  clay ~ x t r a )  
O h n I l n h M d % T L %  VIS4.d Ma .kn;vd~rmpd R r ~ i x y a ~ r ~ n a + b d w e r 8 w  
mm. 

COMMAND TECHNOLOGIES, INC. 
lll7 West High Sheet. Bryan. Ohio 43506 (419)636-0443 
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BOARD MATERIAL IS 1132in. D u R O I D ~  

fig. 10A. The original pc board layout for the 10-GHz amplifier. 

TUNER LOCATIONS 

BOARD MATERIAL IS 1 /32 in. DUROIDT ' 

fig. 10B. The pc board layout showing approximate placement 
of the tuning shims. Note: The shims are glued to the board 
after finding the exact placement. 

tive. The drain current should diminish as you do this. 
Set the 710-bias current to approximately 25 percent 
of its IDSS value and the 720 to about 50 percent. You 
can adjust these later for minimum system noise fig- 
ure if you have access to measuring equipment, but 
you should be able to obtain near optimum perfor- 
mance with these settings. 

An amplifier like this would require no tuning at 
lower frequencies. However, a little "tweaking" is use- 
ful at 10-GHz, as small variations in construction tech- 
nique can affect performance. The need to adjust grew 
out of a mistake in the original design - that of not 
considering the extra circuit length provided by the gap 
over which the coupling capacitors are soldered. As 
a result of this error, untuned gain is about 13 dB. 
However, by adding small 0.05-0.100"square, 0.002" 
thick, brass shim stock tuners in the drain-matching 
circuits of the two stages, the amplifiers can be tuned 
for maximum gain. This also allows for small device- 
to-device variations in the transistors. Figures 10A and 

I FREQUENCY. GHz I 
LL Resistor Lead 
TLl .083'W x .180f1 TL8 .22OS'W x . I 8 8 2  
TL2 .083'Wx.150'1 TL9 .083"Wx.2802 
TL3 .078'W x .2772 TLlO .083'W x ,3502 
TL4 .15'Wx ,1922 TL11 .O1 ' W x  .250'l(Can be .210"L) 
TL5 .039'W x . I 3 4 2  TL12 .O1 'W x .210'1 
TL6 .039'W x 2 2 0 2  RTL .14!imRadius half-circle 
TL7 .029"W x .3162 J1.2 Flanged SMA connector 

I I 
The measured gain and noise figure of a typical amplifier. 
More than 15dB gain and under 3-dB noise figure is readily 
available. 

6 show approximate positions for the tuning shims. 
Tune by first gluing one of the shim tuners at right 
angles to the end of a toothpick. Carefully use the 
toothpick to move the shim around, varying the 
amount it extends past the edge of the transmission 
line, as well as its location along the length of the line. 
While you do this, monitor a stable signal on 10368 
MHz with the station-receiver S meter. Be sure to 
maintain contact with the drain-circuit line of the 
stage. Note the optimum position, turn the power off, 
ground all bias pins to the amplifier, and permanently 
solder an identical shim in the position noted. You 
don't need to perform input-stage tuning because the 
match provided is not far off, even with the capacitor- 
gap error. As you can see in fig. 11, minimum noise 
figure occurs slightly above the hamband calling fre- 
quency - but the difference is negligible. 

The finished amplifier should exhibit less than 3-dB 
noise figure and at least 15-dB of gain. On transmit 
it should be able to deliver 30 milliwatts of linear power 
and about 50 milliwatts saturated. You may need to 
increase drain current to more than 50 percent of the 
IDSS value for maximum output. 
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Summary 
Once the 3456-MHz and 5760-MHz local oscillators 

are completed, further station improvements will come 
in the form of better receiver preamps and more trans- 
mit power for all the bands. I anticipate that the rapid 
bandswitch and good system modularity will provide 
a good contest station, as well as one which can grow 
with available technology. If you want to build a simi- 
lar station and try for an obscure record, QSOs on 16- 
18 different Amateur bands in 2-3 minutes should be 
possible with this equipment when augmented by a 
longwire antenna for the hf bands and standard 
VHFIUHF contest equipment. Another way to use this 
approach is for 900-MHz band operation. Use a 620- 
MHz VCO downconverted to a 20-MHz PLL i-f, with 
an anti-parallel diode mixer like the one used at 1010 
MHz. This would give 900-910 MHz operation with the 
280-290 MHz i-f. 

I have ignored a couple of station components in 
this series. Transmitlreceive switches are necessary 
in any station using signal frequency amplifiers. Many 
good units show up at flea markets and surplus stores. 
I also haven't provided construction information for 
a good ovenized frequency standard. Although the 
design presented here showed a 10-MHz standard, a 
good proportional oven around the unlocked 100-MHz 
oscillator may provide satisfactory results. 

Thanks to Bob Dildine, W6SFH and Lynn Rhymes, 
WB7ABP for their interest, ideas, suggestions, and 
help with the station. 
Some sources of microwave parts and informa- 
tion. 
NEC transistors: 

California Eastern Laboratories 
3260 Jay Street 
Santa Clara, California 95054 
(408) 988-3500 

Transistors, chip capacitors, mixers, PIN diodes, etc.: 
Microwave Components of Michigan 
11216 Cape Cod 
Taylor, Michigan 48180 
(313) 753-4581 

An inexpensive (about $7) surplus 2-8 GHz double- 
balanced mixer (WJ-M62H) is available from: 

HSC Electronic Supply 
6819 Redwood Drive 
Cotati, California 94928 
(707) 792-2277 

Article B HAM RADIO 

a connection between the 9-volt zener and the 7-nH 
inductor on the base of Q3. The drawing in fig. 2 
shows this correctly. 

Although the schematic of the 10-GHz signal mixer 
in fig. 11 is correct, the implementation shown in figs. 
9.10, and 19 have an error in the positions of the sig- 
nal and the diode quad connections to the ring. Con- 
struction using the dimensions shown results in 
unnecessarily high conversion loss in the mixer at 10.4 
GHz. A corrected fig. 19 is shown here. 

n IOOeOMnz LO INPUT 
FROM DOWNCONVERTER 

BOAR0 MATERIAL 0 0 2 8 "  
DUROID. DOUBLE CLAD 

DIODE QUAD- HP HSCH-6912 OR 

T l . T 2 -  9 TURNS BIFILAR 
ON 1/4" VHF CORE OR 
4:1  TV BALUN - 
RTL-  0.15" RADIUS. 6 0 . F 4 N  

J 5 -  FLANGED 
CONNECTORS 

J 6 -  SMC CONNECTOR 

81 

@ 
82 

H 0 66" 

N I R R O W  TR4CES ARE 0 . 4 5 6 "  
WIDER TRACES ARE 0 . 0 8 3  

Sticky copper tape can be used to correct these 
errors if you've already made a board to the specifi- 
cations of the original description. I apologize for any 
needless effort this may have caused. 

C H I  A -M - 8 94 dB 
10 D dB, FIEF - 00 OB 

As you can see from the plot of conversion loss 
short circuit versus frequency, this mixer is usable but not optimum 

Part 2 of "Designing a Station for the Microwave on both the 5760 and 10368-MHz Amateur bands. 
Bands" in the June 1988 edition of HAM RADIO needs Details of a version which is more optimum for 10368 
to be corrected at follows: MHz alone is available from the author for an SASE. 

The schematic in fig. 1 on page 20 incorrectly shows Ed. 
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WEEKENDER 

REMmE TUNER 
FOR 75 METER 
MOBILES 
By Joel Eschmann, KSMLD, 6964 
Meadowdale Drive, Hartford, Wisconsin 
53027 

This article is dedicated to those 75-meter mobile 
operators who are tired of getting out of their cars to 
retune their mobile whips every time they change fre- 
quency more then 25 kHz! 

I'm an avid mobile operator on all the hf bands and 
I have no problem with the bandwidth of my antennas 
on 20/15/10 meters. But when it comes to 40 and 80 
meters, I get frustrated hopping in and out of my car 
to tune my mobile whip when I QSY. No more! Here's 
a breakthrough that's so cheap and simple you'll want 
to use this tuner everywhere, as I have. 

It occurred to me that I might use my existing mobile 
antenna tuned to 4 MHz and add inductance at the 
base to allow tuning lower in frequency. I wanted to 
do this across the whole phone band without leaving 
the front seat of my car. 

The schematic in fig. 1 shows that this is a very 
basic tuner concept found in all the text books. It was 
a problem finding an inexpensive motor-driven tuner 
that provided the correct inductance. While looking 
through many surplus catalogs, I came across a motor- 
driven Ribbon Roller Inductor at Fair Radio in Lima, 
Ohio. This silver-plated inductor turned out to be an 
excellent choice. Its gear train drives a rotary switch 
that can be used as a limit switch to stop the motor 
when the inductor gets to the end of its travel. 

Use the steps that follow to modify the surplus 
assembly. Remove the top section of the rotary 
switch; you won't need it. Remove all the wiring from 

MOBILE J :;p 

TUNER 

RG/JB 
TO SWR 
METER 

I 
I 

Schematic diagram of the =meter remote tuner. 

TO 
ANTENNA '------/' 

METER I 

CONTRDL BOX 

I 

MOTOR LSI LSz , I 

ROTARY SWITCH I 

I------- J 
'NOTE IT MAY BE NECESSARY TO REVERSE DIODES Dl 8 0 2  IF 

MOTOR DOES NOT STOP AT THE END OF TRAVEL. 

Detailed schematic of the limit switch for the roller-inductor 
drive motor. 

07.02 = IN4003 
C1 = 1000 10 1200 pF mka depending on band of coverage on 80 metem 

SO0 10 600 pF mica for 40.meter coverage. 
ST = DPOT swllch center off 
Motor Driven Roller Inductor, part no. L40111eOL is available lrom FaC Radio 
s.1.~ CO., P.O. Box 1105f1106 E. Eureka Stmet, Lima, Ohlo 45802. The pries 
is $29.95 

the remaining switch section and the motor. A large 
resistor is mounted on the motor support. This, too, 
is unnecessary and should be removed. The motor 
with the resistor in series was designed to run on 24 
volts; by removing the resistor you can use it on 12 
volts. If you find that the tuner adjustment is too fast, 
reinstall the resistor and it will slow the tuner down. 
Reassemble the remaining switch section with the 
original hardware and rewire it by adding two steer- 
ing diodes (D l  and D2), as illustrated in fig. 2. It may 
be necessary to reverse the diodes if the motor doesn't 
stop at the end of travel. 

I mounted the motor control box on top of my radio 
console and used a DPDT center off switch to con- 
trol the motor. You should mark the control box to 
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ing 12 volts from the ignition switch and routing it to 
the box, I ran a two-conductor cable back to  the tuner 
at the rear of my car. 

A 20gauge two-conductor cable is all you need to 
control the motor, as it draws only about 0.2 to  0.3A. 
Those of you who have automatic tuners in your rigs 
have probably found that they are quite limited in the 
amount of SWR they can handle; for those of you who 
don't, this one will solve all your problems. I have used 
three of these tuners in my car, my camper, and at 
home at the base of my 35foot  vertical for tuning 40 
and 80 meters. 

The tuner tucks away nicely in the rear of my car. 
I have used this unit successfully in two automobiles 
with no additional changes. If you wish to operate on 
40 meters, just change the shunt capacitance at the 
input to the tuner. Select this capacitor so you can 
tune the entire phone band with the appropriate induc- 
tance. On 80 meters I used an 1100-pF mica cap; on 
40 you'll want to start with about a 500-pF mica cap. 
Remember to  tune your antenna at the top end of the 
band with no inductance added, then increase the 

VSWR response cuwes for the t w o  capacitor values indicated. 

inductance as you tune lower in frequency. On 80 
meters I was able to indicate a minimum SWR of 1.2 
to 1 at 4 MHz and 1.1 to  1 across the band until I got 
to  3.8, where it started to  rise again to  1.2 to  1. 
Increase the shunt capacitance to  1200 pF to  shift the 
curve lower; change the cap to 1000 pF to  raise the 
curve (see fig. 3 ) .  

The last time I talked with Fair Radio there were 
plenty of these tuners in stock. Let me know if you 
have any questions and/or enjoy this little tuner. '73 
for now and happy mobiling. 
Article C HAM RADIO 

COMPUTERIZE 
YOUR SHACK 

YAESU 747. 757GX. 757GX11. 767. 9600. 
KENWOOD TS 140. 440. 940. 680. R5000. 
ICOM R71A, RMOO, 735, 751A. 761, 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADDED TO RADIOS THAT DO NOT SUPPORT IT. 
ERGONOMETRICALLY DESIGNED FOR EASE OF OPERATION. 
MOST FUNCTIONS REQUIRE SINGLE KEYSTROKES. 
PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN AMONOCHROME SYSTEM. 

MENUS FOR THE FOLLOWING: 
AMATEUR HF-AMATEUR VHF- AMATEUR UHF 
AM BROADCAST-FM BROADCAST-TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SS8)-AVIATION VHF-AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 
MISCELLANEOUS HF. VHF. UHF 
MOST POPULAR FREQUENCIES ALREADY STORED 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREOUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

AVAILABLE FOR IBM PC. XT, AT. 80366 2 W  RAM 
1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROBMY WITH INm)ll UBIURIES 9B.a 
RS-232 TO TTL INTERFACE ONLY (NEEDED IF WN'T HAVE MANUFACTURERS INTERFACE1 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 9B.W 
INTERNAL PE INTERFACE WI1 SERIAL 6 1 IUOlO PORT 129.95 
SPI I:IHIIM ANAI Y i r R  MODULE (MLL FOR PRICEI 
ClllAPI I T E  SYSTEMS 1NI;L IIAOlO INTERFACE. COMPUTER. AVAILABLE (CALL FOR PRICE) 

DATACOM, INT. 
8081 W. 21ST LANE 
HIALEAH, FL 33016 f l  in 

A R E A  CODE (305) 822-6028 

LET THE SUN DO 
THE WORK Charge battertea on 

stored machinery 
Light your tent 
Run fans 
Run remote tmm- 
miners 
Llght slgna 

. Pump water tor your - anlmals 
Power for your motor 
home 
Run your redlo wlthout 
batterlw 

= Light your home 
Yard llghts 
Charge flashlight bat- 
teries 
Light yourcabln 
Run electric fences 

9 Charge your boat 
from the battev 

4 Sun with Run appllancea In your 
home 
Charge hand held 

S n m  .rrr_r.rrn radlo batteries - - - - - - - - - - E=-=-=' - ==== - - - - - - ' - - - - - - - - - - Fish shanty lights --- g --- --- 
1- Charge yourcam- 

Solar Systems corder banery pack 

ALSO: OUTSTANDING PRICES ON IBM XT 
COMPATIBLE SYSTEMS! 

#CYOYR*YLIIOY PLE*SElNCLUOE 10XOCORIXRFORSHlP. 
PING AND HANDLING CHAAOES lMlNlMUM U YI. MUlMUM SlGi U. 
NAMANORDERS.ADOS7 WINUSFUNDS MICHIGAN RESIOCNTSADD 
4% SALESTAX FOR FRFE FLYER. SEND 2% STAMPORSASE 

\\ c. i 

HACTRONIX, INC. hl l281-7773 Hwn *+ L$ 12671 Dix-Tol.do HWY 1 2 : ~ .  EST M ~ S . I  ,... . 
P.O. BOX 1101 "HAL" HAROLD C. NOWLAND 
Southgate. MI 48195 w8zxn 
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and Resnick.' Their work summarized 
computer studies indicating that a ver- 
tical monopole antenna with four 
elevated horizontal radials produces 
more groundwave (low angle) field 
strength than a conventional ground- 
mounted monopole with 120 buried 
radials. The monopole and radials were 
all a quarter wavelength long and the 
frequency of operation was 1.0 MHz. 
Base heights between 5 and 20 meters 
were investigated. Three different 
ground constants were used simulat- 
ing average, very good, and very bad 
soil conductivity. For average soil, a 
radial height of 6 meters provided 
superior performance; for poor soil, a 
height of 8 meters was required. 

The study concluded that "the use 
of elevated radials would provide 
superior performance, allowing the 
collection of electromagnetic energy in 
the form of displacement currents 
rather than forcing it to flow through 
lossy earth in the form of conduction 
currents." 

HAM RADIO 
TECHNIQUES 

Bill Orr, W6SAI 

Layout of elevated radial system. Radial 
height is 6-8 meters at operating frequency 
of 1 MHz. 

2. Note that this height is much less 
than that indicated in the layout of fig. 
I. 

Although the execution of this 
ground system is slightly different from 

c 

A look at the ground- 

I 

tion. There seems to be a great deal 
of interest in 160-meter vertical 
antennas. 

The concept of above-ground radial 
wires has been around for a long time. 
Experiments conducted by Doty, Frey, 
and Mills2r3 and outlined in the 1982 
bulletin of the Radio Club of America 
(later written up in the February 1983 
issue of QST and also in my column), 
determined that the traditional ground 
radial system composed of a number 

plane antenna 
In April I discussed "Vertical Mono- 
poles With Elevated Radials" by 
Christman, Radcliff, Adler, Breakall, 

-- INSULATED 

15 PER RADIAL l 

+ VERTICAL 
RADIATOR I 

TOP V lEW 

Figure 1 shows the physical config- 
uration of this antenna design. My 
remarks on the subject brought letters 
from readers asking for more informa- 

- VERTICAL 
ANTENNA 

RADIAL SCREEN 7 

of buried or surface wires can be 
equaled or bettered by using an 
elevated ground screen about 6.5 feet 
off the ground. This is shown in fig. 

1 
6.5 ' ANTENNA BASE 

~ r l / / f r / / r ' / r / / / / / l l ~ / ' / / f I / ' / r / / ~ / /  

S IDE  V lEW 

The ground radial system of Doty, et al. 
uses 50 radials, at least 0.2-wavelength long 
and 6.5 feet above ground. 
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the design shown in fig. 1, the con- 
cept seems to be the same. Accord- 
ing to Edward Laport, former vice 
president of RCA and author of Radio 
Antenna Engineering, "All earth cur- 
rents should enter the ground wires as 
displacement currents rather than con- 
duction currents." 

Enter the ground-plane 
antenna 

The antennas shown in figs. 1 and 
2 are similar to the conventional 
ground-plane antenna. Then why all 
the fuss? A closer look at the ground- 
plane concept may clear the air. An 
excellent discussion of the ground- 
plane antenna was given in the "Tech- 
nical Topics" column by Pat Hawker, 
G3VA, in the July 1981 issue of Radio 
Communication. 

Pat points out that conventional 
wisdom (the ARRL Antenna Hand- 
book, for example) claims that in order 
to obtain an omnidirectional pattern, 
the ground plane requires a metal 
ground disc with a quarter-wavelength 
radius (fig. 3Al. The disc can be simu- 
lated with at least four straight radials 
equally spaced around a circle (fig. 
38). This implies that, as with buried 
radials, the more above-ground radials 
the better. It also suggests that such 
an antenna cannot be expected to 
function efficiently with an omnidirec- 
tional pattern with only one or two 
radials. 

Pat refers to R.C. Hills, G3HRH, 
who asserts that the radial system of 
the normal elevated ground plane has 
little to do with the angle of radiation, 
but only provides a convenient low 
potential connection for the shield of 
the coax line. Hills states that the 
radials are electrically very transparent 
and the ground below the radials is 
well illuminated by the vertical 
antenna, so the presence of a good 
ground system is just as important as 
if the antenna were fed against 
ground. 

G3VA comments on Hills saying, 
"Here the casual reader would assume 
that the use of four or more radials plus 
an extensive earth system buried in 
ground of good electrical conductivity 

I was advisable to obtain optimum 
results.'' 

In summary, G3VA points out that 
the effectiveness of any vertical 
antenna in providing low-angle radia- 
tion depends to a very marked extent 
upon earth conductivity. But an earth 
system that really meets this require- 
ment can't use a normal buried earth 
system because it should extend many 
wavelengths around the antenna, in all 
directions. 

- 

Solid ground plane having 11Cwavelength 
radius (A) can be simulated by four radials, 
each 11Cwavelength long (8). 

Getting down to basics 
The conclusion is that ground con- 

ductivity is very important, but this 
does not answer the puzzle of the 
number of radials required. As G3HRH 
pointed out, their prime job is to pro- 
vide an rf ground point for the coax 
line and to bring the antenna system 
to resonance. So why four radials? 
Why not five? Or three? Or perhaps 
one? 

Pat, G3VA, had the enviable oppor- 
tunity to meet Dr. George Brown of 
RCA, the man responsible for the 
development of the ground-plane 
antenna. On Dr. Brown's visit to 
England, Pat put the question to him. 

Here's what Pat had to say about this 
conversation: 

"He (Brown) told me that the 
elevated ground-plane antenna was 
first devised in the thirties to meet an 
early requirement for police communi- 
cations around 30 to 45 MHz. Its suc- 
cess was immediately evident when, 
at the first demonstration, the trans- 
missions reached well beyond the 
anticipated service area. Now the 
important point was that the original 
design had only two radials; however, 
when it came to marketing the design 
the sales engineers reported that they 
could not persuade potential users that 
a two-radial antenna, with the two 
radials looking like a half-wave dipole, 
could possibly have an omnidirectional 
radiation pattern. On the classic prin- 
ciple that the customer is always right, 
George Brown and his colleagues sim- 
ply added two more radials - and 
everybody was satisfied." 

Pat's conclusion is that all that's 
required for the ground-plane antenna 
to function effectively is that the bulk 
of the horizontal radiation from the 
radials is cancelled out - and this hap- 
pens with only two radials. This 
doesn't prove that four may not be 
better, but it is an indication that a 
two-radial ground plane certainly 
serves the purpose the inventor had in 
mind! 

Separating the two 
problems 

The experiments outlined in fig. 1 
indicate that a radial system is required 
for a vertical antenna in the vicinity of 
the earth. They show that a low, but 
elevated, system of radials is more effi- 
cient than a buried system. The data 
of fig. 2 point to the same conclusion 
but indicate that a maximum of only 
four radials need be used, as opposed 
to a multiple radial design. 

Looking at Dr. Brown's comments 
with reference to his original design, 
it is safe to assume that his ground- 
plane concept envisioned the antenna 
mounted several wavelengths in the 
air. The frequency of operation and the 
need for coverage to the horizon dic- 
tated that as great a height as possi- 
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ble be used. Two radials did the job in 
this special case. Since the antenna 
was high above the earth, the return 
currents entered the radials as dis- 
placement currents, and the conduc- 
tion currents in the earth were quite 
low because of physical separation of 
earth and antenna. 

It seems to me that a ground-plane 
antenna for VHF and hf use, mounted 
well above the ground, requires but 
two radials for good omnidirectional 
performance. On the other hand, 
when the base of the antenna is 
mounted close to the ground, the 
probability of return currents entering 
the ground as displacement currents 
is very high. 

Dr. Brown's original work on buried 
ground radials was done in 1936-37. As 
Arch Doty, KSFCU, says in his article2 
"Dr. Brown's paper on buried radial 
wires used with vertical antennas is a 
true 'classic' work, the excellence of 
which has established practices in the 
field ever since. Unfortunately, its very 
completeness discouraged further 
research in the area, and the fact that 
it considered only one of the several 
possible methods of making artificial 
ground systems was overlooked." 

The Doty, Frey and Mills group and 
the Christman, Radcliff, Adler, 
Breakall, and Resnick group have 
attacked the problem of above-ground 
radial systems using different 
methods. The former made physical 
experiments and conducted ground 
current measurements using relatively 
low radials. The latter group employed 
computer-modeling techniques and 
investigated field strength using radials 
at a greater height above ground. 
Unfortunately, neither group worked 
with the same radial configuration. 
Generally speaking, the broad result of 
both investigative groups was that 
elevated radials were superior to buried 
ones. 

The first group indicated that 50 
elevated radials, at least 0.2 
wavelength long and about 6.5 feet 
above ground, are as effective as 120 
buried uninsulated wires. The second 
group indicated that four radials, about 
6 to 8 meters above ground and 0.25 
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ing scheme like that shown in fig. 4. 
This will permit the operator to switch 
from the elevated ground plane (verti- 
cal polarization) to a dipole (horizon- 
tal polarization) from the operating 
position. It might provide an answer to 
the ongoing question: which performs 
best, a dipole or a ground-plane 
antenna? 

The "Dead Band" Quiz 
Here's an age-old problem for the 

mathematics buff (see fig. 5). Engine 
A and engine B are on the same track 
on a collision course. They are 60 miles 
apart. Engine A is going 30 miles per 
hour and engine B is going 50 miles per 
hour. 

A fast hornet starts on engine A and 
flies to engine B, back to engine A, 
back to engine B, and so on. Eventu- 
ally the hornet is killed when the two 
engines collide. The hornet flies at 400 
miles per hour. Neglecting the turn- 
around time of the hornet, wind, and 
other minor delays, how many miles 

- 

.414 

A 1 4  
-. 

A /4 

30 MPH --r c SO MPH 
TRACU OF HORNET - - 
a 60 MILES 4 

a )  b )  

Engine and hornet problem is this month's quiz. 
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Remote double-pole double-throw relay 
switches from ground plane to dipole 
antenna. 

wavelength long, "produce more 
groundwave field strength" than 120 
buried radials. The first group meas- 
ured the distribution of ground return 
currents. The second group examined 
the radiated field strength by com- 
puter. That study indicated that there 
was very little improvement going from 
four to 120 above-ground radials. 

It remains for future experimenters 
to study the elevated radial situation. 
Perhaps a compromise can be found 
that produces good results with a mini- 
mum number of low radials. 

A ground-plane dipole 
combination 

The concept of using only two 
radials for a ground-plane antenna 
leads to the idea of a remote switch- 

does the hornet fly before it's killed in 
the collision? 

Send me your answer to this 
problem. My address is Box 7508, 
Menlo Park, California 94025. The calls 
of the math buffs who provide the 
most persuasive solution to this puz- 
zle will be given in this column. 
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talking S-meters, temperature, and battery volt- impedancematching network. The antenna's 
age; any other varying voltages can also be sam- linear characteristics give it excellent intermodu- 
pled and spoken to the user. The PK8 increases lation performance, negative feedback, and a 
to 16 the total number of external devices which low noise figure. Dimensions are 19-314" x 
may be act~vated from your touchtone com- 3-518" diameter; it can be mounted indoors or 

products mands. Two alarm inputs allow real-time Macro 
commands or may be used to execute alarm .;r '-*'"=y!@q 
messaaes, whenever these alarm pins are 

H A M  PERFECT v 1.0 
Action Software has released HAM PERFECT 

a new MS-DOS program for the Radii Amateur. 
The program will operate on all MS-DOS com- 
puters using DOS 2.1 or later and 256 K of inter- 
nal RAM. HAM PERFECT is menu driven and 
includes the following antenna design programs: 
long wire, vertical, inverted V, tuned transmis- 
*on lines, electrical length of harmonic wire, and 
dipole antennas. 

A VSWR menu for system evaluation and 
three DX programs - call area, grid selection, 
and bearing and d i i n c e  - is also included. Call 
area instantly locates any call area, city, or state 
out of a data base containing 476 records. Dis- 
played are: distance and bearing, sunrise and 
sunset times, and grid coordinates. Grid selec- 
tion convens grid to coordinates and vice versa. 
Bearing and distance gives great circle calcula- 
tions between any two points on the surface of 
the earth. 

HAM PERFECT sells for $49.00 and is availa- 
ble from Action Software, P.O. Box 12519, Tuc- 
son, Arizona 85718. 

Circle IJ)9 on Reader Sewice Card. 

CODEMASTER O Morse 
code software package 

Greenlight Sottware Development announces 
CODEMASTERO - their new Morse code soft- 
ware package. The program is IBM compatible 
and designed for users, from novice to master. 

Key features include: 
Menu-driven program for easy selection and 

use of all facilities. 
One-touch online help function. 
Windowed operating environment for simple 

manuevering. 
Escape key for interruption and backtracking. 
CODEMASTERO is $19.95 postpaid and 

available exclusively from Greenlight Software 
Development, P.O. Box 2591, Eugene, Oregon 
97402. 

Circle 1310 on Raader Sewice Card. 

New added feature card 
PK-8 for the CS64S Super 
Comshack 64 

Engineering Consulting's model PK-8 adds 
new features to the Model CS64S Super Com 
Shack repeater controller for the C-64. The PK- 
8 option card makes user-defined talking meters 
possible. Up to 2 meters per parameter file may 
be defined (up to 18). Inputs are provided for 

grounded. 
The model PKB is priced at $149.95. For more 

information contact Enginwring Consulting, 583 
Candlewood Street. Brea, California 92621. 

Kantronics KT series and 
2.84 firmware option 

Kantronics, Inc. has introduced SSB, CW 
transceivers. There is one each for 80, 40, 20, 
15 and 10 meters. 

The Kantronics KT series features are noise 
blanker, 20watts PEP output, LED digital 
readout of the entire bend in 100 Hertz steps, 
and receiver incremental tuning (RIT). 

Kantronics has also announced a 2.84 firm- 
ware option for KAM, KPC-4, KPC-1, KPC-2. 
and KPC-2400 units: 

Banery Backup for PBBS contents (0.0. 
"smart socket," and 32K RAM 62.256 are extra). 

Protection of PBBS contents during soft 
reset (changing MAXUsers or NUMnodes will 
not erase PBBS, battery backup not required). 

Direct keyboard entry of messages into 
PBBS (limited only by RAM allocation to PBBS). 

PBS subject field luser is prompted for a 
subject for message). 

Help available from PBBS and KA-Node 
(gives short description of how to use). 

Enhanced (JIHeard and (N)odes Heard. 
*KA-Node recognition of NETROMN network 

nodes in its Nodes Heard list. 
All Kantronics customers who purchased a 

Kantronics TNC after March 1, 1988, are enti- 
tled to a free 2.84 EPROM. You must provide 
proof of purchase and request 2.84 when you 
mail in your warranty card. Be sure to provide 
the model, firmware level, and RAM pan num- 
ber. If battery backup of RAM is desired, the Bat- 
tery Backup "Smart Socket" must be used with 
a M256static RAM! We strongly suggest using 
a 32K RAM even if you don't plan to use the bat- 
tery backup. Both of these are available at extra 
cost from the factory. 

Cost varies from unit to unit, and with the cur- 
rent version level of each. 

Contact Kantronics. Inc., 1202 E. 23rd Street. 
Lawrence, Kansas 66046 for details. 

Circle 1311 on Reader Service Card. 

Dressler ara 900 VHFIUHF 
receiving antenna 

The Dressler ara 9M) is a VHFIUHF active 
receiving antenna capable of capturing signals 
from 50 to 900 MHz. The ara 900 cylinder has 
an etched circuit board, wideband amplimr. and 

out. The supplied lead-in coax is 25' long and 
can be replaced by any length coax with PL-259 
fittings up to 100'. The coupler terminates in an 
N-type connector fitting scanners like the lcom 
R-7000 receiver. Price including power adapter 
is $189 plus $8 shipping and handling. It is dis- 
tributed by Gilfer Shortwave, 52 Park Avenue, 
Park Ridge, New Jersey 07656. 

Circle CJlZ on Reader Sarvica Card. 

HamtronicsB 900 MHz 
transmitters 

Hamtronics, Inc. has announced a series of 
transmitters for the 902-928 MHz ham band 
which complement the RW1 FM Receiver. 

The new TA901 Exciter runs a minimum of 112 
watt output, sufficient to run barefoot on short 
to medium length paths or to drive the new 
LPASO1 Power Amplifmr. The TAW1 is basically 
a r n o d i i  version of the TA451 UHF FM Exciter 
but a doubler, driver, output stage line-up using 
surface mount microwave transistors and capa- 
citors replace the usual predriver, driver, and out- 
put stages. 

The LPASOI Power Amplifier uses a standard 
heatsink (as on the LPA 2-15 Power Amplifier 
for the vhf bands) and a broadband power mod- 
ule, which requires no tuning, to produce 8 to 
10 warn output. It requires onw 100 mW to drive 
from the exciter. 

The TAW1 Exciter and LPASOI Power Ampli- 
fier are both available off the shelf at $28) each, 
wired and tested. (Because of their complexity, 
these units will not be offered in kit form.) A 902- 
MHz version of the popular Hamtronicsm REP- 
100 Repeater is also available. 

For more information on 900-MHz transmit- 
ters, contact Hamtronics, Inc., 65 Moul Road. 
Hilton. New York 144689535. A catalog of other 
fm transmitters, receivers, repeaters, converters, 
and preamps for vhf and uhf is available. Send 
$1.00 to cover postage or $2.00 for overseas 
mailing. 

lconrinued on page 421 
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New SSB, CW transceivers 
Kantronics, Inc. has introduced five single 

sideband, CW transceivers. One each for: 80, 
40, 20, 15, and 10. 

The Kantronics KT series transceiver features 
M w a m  PEP output, LED digital readout of the 
entire band in 100-Hz steps and receiver 
incremental tuning (RITI. Ask your Kantronics 
Authorized Dealer for information or contact 
Kantronics. Inc., 1202 E. 23rd Street, Lawrence, 
Kansas 66046. 

Circle ml on Reader Servlcs Card. 

The suggested retail price for the EX427 is 
$315.00. For more information contact ICOM 
America, Inc., 2380 116th Avenue. NEI P.O. Box 
C-90029, Bellevue, Washington 98009-9029. 

Circle 1303 on Reader Service Card. 

Alinco Electronics Inc. 
introduces a new line of transceivers, the DJ ser- 
ies hand helds. 

Features include: 
Ten memories. 
LCD illumination. 
Dip switch programmable sub-tones. Eas- 

ily accessible dip switch is mounted on the back 
of the transceiver. 

Offset storage in memories. 
Built-in dcldc convener with standard NiCd 

and others. 
Multiple battery packs. 2.5 watts from the 

factory; 6.5 watts output with optional 12 volt 
NiCd. 

EX-627 hf automatic 
antenna selector 

ICOM now offers the EX-627 HF Automatic 
Antenna Selector which automatically selects 
the correct antenna for an ICOM hf transceiver's 
operating frequency. You can accass up to seven 
antennas by simply pushing one button on the 
selector. 

Sixteen button DTMF pad. 
BNC antenna connection. 
Frequency coverage easily expandable for 

CAP and MARS. 
The suggested list price of the DJ series tran- 

sceivers is $299.00. 
For more information contact Alinco Elec- 

tronics Inc., 20705 South Western Avenue, Suite 
104, Torrance. California 90501. 

Clrcle on Reader Service Card. 

The EX427 antenna selector: 
can be used with any transceiver to manu- 

ally select up to nine antennas, 
includes conecton for a linear amplifier or 

antenna tuner, 
has power supplied from the transceiver 

through a provided accessory cable, 
comes with hardware to mount the EX427 

on the wall, the side of a desk, etc. 

Accu-weather forecaster 
Metacomet Software in collaboration with 

Accu-Weather Inc.. State College, Pennsylva- 
nia, has just announced release of its ACCU- 
WEATHER FORECASTER software for MS- 
DOS computers. 

ACCU-WEATHER FORECASTER is a menu 
driven program that allows the user to tap into 

Accu-Weather's extensive computerized data- 
base. In addition to Accu-Weather's forecasts. 
you can get hourly updates from National 
Weather Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative 
descriptions are just part of what can be down- 
loaded to your MS-DOS computer. To save tel- 
ephone and hook-up charges, tell your computer 
exactly what information you want. Then call 
ACCU-WEATHER; the computer will download 
the files you want and save them to disk. Infor- 
mation can be obtained for the entire United 
States or a specific geographical region. 

Several different services are available from 
ACCU-WEATHER. Price varies with the service 
and time of day that the computer is accessed. 

The IBM and Macintosh versions sell for 
$89.95. ACCU-WEATHER is available from 
M e t a m t  Software. P.O. Box3137, Hartford, 
Connecticut 061W or the ham radio Bookstore. 
Add $3.50 for shipping and handling. 

Circle CJ04 on Reeder Service Card. 

1441220-MHz F M  dual 
bander 

Kenwood's all new 144I2MMHz FM Dual 
Bander TM-621A includes a dual channel watch 
function, selectable full duplex operation, 
30 memory channels, extended frequency cover- 
age, large multi-color dual digital LCD displays, 
and oroarammable scannino. with 45 watts of 
~ . -  -. 

output on 144 MHz and 25 wans on 220 MHz. 
Extended receiver range (138.000-173.995 

MHz) on 2 meters; 1-1 I 4  meter coverage is 215- 
229.995 MHz. (Specifications guaranteed on 
Amateur bands only. Transmit range is 144- 
147.995 MHz; and 220-224.995 MHz. Modifia- 
ble for MARSICAP. Permits required.) 

30 multi-function memory channels. 14 mem- 
ory channels and one call channel for each band 
store frequency, repeater offset. CTCSS, and 
reverse. Channels "A" and " b  establish lower 
and upper limits for programmable band scan. 
Channels "C" and " d  store transmit and rwceive 
frequencies independently for "odd splits." 

Automatic offset selection on both bands. 
Dual frequency display for "main" and "sub- 

band." 
Automatic Band Change (A.6.C) automatically 

changes between main and sub-band when a 
signal is present. 

/continued on page 702) 
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NEW BOOKS 
ARRLANTENNABOOK 
by Jelly Ham, KlTO. N W  15th Ell(*n 
The all new 151h edlllon 01 lhls antenna classr represents oMr 
NO years of hard work by edllor KlTD It s dwbled In stze loo 
--Iran over 300 lo over 7W pages b1g1 9% l~gures and charts 
m e r  l u s ~  about every sublec~ ~magtnabh Some 01 the h~ghl~ghts 
are Chaplets on Lwp anlennas mul11-band anlennas, low Ire- 
quency antennas, portable antennas. VHF and UHF systems 
coupllng Ihe antenna lo Ihe lransmlner and the antenna. plus pl- 
en-I-y more Llke Ihe 1988 HANDBOOK and new OPERATING 
MANUAL Ihe new ANTENNA BOOK IS golng lo be a smash hll 
Order ywrs loday 151h edttlon 900 + pages @)I988 
AR- AM SDnband $17 95 

NOVICE ANTENNANOTEBOOK 
by Owp h M a w  WIFE 
Nw~ces have long wondered whal IS the 8es1 all around antenna 
tor them to ~nslall Up unltl now, th~s was a d~nru l t  questlon lo 
answer Almed at the newly licensed Ham. DeMaw wrlles lor Ihe 
non-engmeer In claar conclse language wrth emphasls on easy-lo 
build anlennas Readers wtll learn how antennas operate and 
what governs perlormance Also great readlng lor all levels ol 
Amateur lnteresl l s l  Edlllon 61988 
AR-NAN Smband $7.95 

THE 1989 ARRL HANDBOOK 
FOR THE RADIO AMATEUR (Avall. lab Ocl. 19811) 
Rev~sed and updaled wlth the l e s t  In Amateur technology, now 
IS Ihe ltme to order your very own copy of Ihe world lamous ARRL 
HANDBOOK In addlllon 10 betng the deflnll~ve relerence volume 
lor your Ham Shack there are plenly ol prolects lor every lnteresl 
In Amaleur Radlo - l r m  antennas lor every appllcallon lo Ihe 
lalesl state-ol.lhe-arl prolecls - yw' l l  11nd 11 all In the 1989 
HANDBOOK Order now and we will shlp as swn as Ihe bwks 
arrlve lrom Ihe prlnler They make perlecl ultls lor Ihe holtday 
season lor ywr  hard-bbuy I w  Ham lrlendior lor ywrsell Over 
1100 pages 01988 
OAR-HE89 Hardbound $20.95 

N6Rl's ELECTRONIC SECOND OP 
for MS-DOS cornputam 
by Jlm RaHstiy N6RI 
The world famous SECOND OP a ~ l w  ava~lable In a slateof-the 
art computer~zed data base Thts program, wnnen lor MS-DOS 
compulars IS a musl for DX'ers conteslers and all Amareurs 
leresled In rellable OX communlcalton Data can be displayed 
ellher In columnar Iofmal or In lull screen dlsplays Unknown 
calls~gns can be enlered and compared to the ITU callslgn alloca 
llon lor easy ldenllllcallon There s plenty more I w  such as 
postal rates beam headings and OSL bureaus lo name lusl a lew 
Greal program lo have In your shack Order your s loday 
01988 MS-DOS computers 5% and 3% verslons avallable 
Please spec~ly on your order 
OCB-RJ (MS-DOS C~mpubf¶) $59 95 

1989 AMATEUR CALLBOOKS 
( A v a L b b  bts Nmmber 1988) 

NORTH AMERICAN EDITION 
Fully updated and ed~led lo Include all the lalest FCC and loreign 
governmenl callstgns and addresses lor Hams In Nonh Anmrna. 
Includes plenty 01 handy operating aids such as lime chans, OSL 
bureau addresses, census ~nlormalmn and much mare. Calls 
f r m  Noflhern CaMda lo Iropltal Panama Now is the tlme lo buy 
a new Callbmk when yw ' l l  gel Ihe mast use oul ol your Invest- 
ment 01988 
OC&USI9 SDllband s25.95 

INTERNATIONAL EDITION 
OSL's are a very lmponanl pan of our hobby. All sorts ol  
awards. ~ncludlng the coveted DXCC, rsqulre conlirmalion ol con. 
lac! belore Ihe award can be ~ssued. 01 spntal inlerest, ad- 
dresses are belng added dally lor Hams In Ihe USSR and other 
counlr!es. Whlle In no means complele, 11's a star( and w~l l  be 01 
lremendws help In genlng OSLS Handy operattng alds round 
w t  ~hts super book value 91988 
3C&F89 SDltbound $28.95 

BUY 'EM BOTH SPECIAL 
Rag. $54.90 Onty $49.95 

SAVE 54.95 - 



PASSPORT TO WORLOBANO RADIO 1989 Edition 
Brand new and lully rrvlsed. SWL s everywhere will wan1 a copy 
lor lhetr llbrary Expanded lo 416 pages Ihe nook now ~ncludes 
a blgger and beller buyer s gulde, an lnlervtew wllh James 
Mtchener. an exclllng real ltle drama 01 one SWL's escape lrom 
Iran plus much more Also ~ncludes all Ihe htesl broadcasl 
Schedules lrom Counlrles around Ihe world vou're up-lo-date 11 
you have a copy 01 ~ h ~ s  new book by your radto 416 pages 1989 
Editton C 1988 
i .IBS-RD189 Softbound 114.95 

MASTERING PACKET RADIO: the hands on guide 
by Daw Ingram K 4 W J  
Packel radio conllnues 10 grow al a rate Ihal boggles the mind 
Th~s new book appeals lo all levels of packet radlo enrhustasrs 
lrom novlces lo expefls a l~ke Full ol lllustrattons and wrllten In a 
simple, easy-lo-undersland slyle TOPICS covered Include a baslc 
prlmer, home compulers and dala communlcatlons lerminals. a 
survey 01 equlpmenl avatlable. how 10 set up a statlon plus much 
more Great complimenl lo Ihe other packet boaks avallable 208 
pages 9 1 9 8 8  1 SI edlllon 
T 22567 S w d S 1 2 . 9 5  

THE ARRL SATELLITE ANTHOLOGY 
Taken lrom Ihe pages 01 the "Amaleur Salelltte News" column In 
OST lncludes Ihe lalesl inlormallon avatlable on OCSARs 9 
through 13 as well as Ihe Russ~an RS salelliles Full coverage IS 

glven lo Phase Il l .  OSCAR 10 and 13 salelltles Also ~ncludes an 
unpubl~shed antck detatl~ng UaSAT-OSCAR I 1 operalton Dtgttal 
modes. Iracklng, anlennas. RUDAK, mtcrocompuler processtng ol 
lelemelry plus much more IS conlarned In l h ~ s  valuable new 
volume 1 12 pages 1988 
.An-SA Sonbound $4.95 

22nd CENTRAL STATES VHF SOCIETY 
CONFERENCE PAPERS 
Paoers In tnis nook were submllled lor Ihe 1988 Central Stales 
VHF Soctely meetlng Includes Mtcrowave EME, predcltng 144 
MHz Es ' openlngs, matchlng versus nolse lbgure Irade.olls In 
preamps. 902 MHz Iransvefler. power ampl~l~er and antennas. 
how lo measure your own K ~ndex plus much more A must 
publical~on lor the aclive VHF er c 1988 
. .AR-ZZCS SoftboundSl7.95 

GENIUS AT RIVERHEAD a profile of 
H.H. Beverage 
by Albsria wallon 
Born at the veiy Oeginnlng ol Ihe radlo age. Harold Beverage is 
one 01 fadlo's ploneers Most know hlm lrom his developmenl of 
the Beverage or wave lype receivtng antenna Learn aboul Ihe 
career 01 l h ~ s  brllllanl englneer In lhls easy-lvread biography 
Slafling w ~ l h  GE In 1917 and movlng lo RCA In 1920. Beverage 
was Involved In some ot the mosl exciltng aspects ol rad~o 01 
pafllcular lnleresl IS a reprlnl ol Ihe tamous November 1922 OST 
anicle descrlblng the wave antenna Includes 35 pholos 130 
pages cr1988 
N H - B N  Hardbound 515.95 

THE "GROUNDS" FOR LIGHTNING 6 
EMP PROTECTION 
by Rogor Block. PolyPfwer Cwpmllon 
Here s a sublecl lhar has never really been lully covered tn 
Amateur Illeralure Th~s 116 page lexr conlatns a cwnprehenswe 
analys~s ol proper grounding and protecllon agatnsl lighlnlng and 
olher EMP dlsaslers Includes lnlormatlon lor all klnds 01 elec. 
lronlc gear radlos, telephones. computers. Elhernet. CATV. 
TVRO, and securlly systems lo name lust a few 01 speclal In- 
terest lo Hams are chaplers on low ~nduclance grounds and con. 
necl~ons. guy anchor grounding, and how to ground ~ n s ~ d e  the 
shack Every Ham should have a copy 1st edtlion 116 pages 
T I 9 8 7  
PP-GLEP Softbound 519.95 

Please encloae $3.50 shlpplng & 

GREENVILLE, N.H. 03048 

DATATEL 800" 

(ORDERS ONLY) 



I ne verdicr 1s in and the opinion of HF Packet o~erators 
is clear I b  ST-7001 

her featu~ Packet, 
.:..- c-I. 

.es of the ST-7000 include: commun 
c.. 

lcatlons world I! 
lulylvllly. d~lccl lrc luding, noise, and 

~nterference coupled with poor tu 
indicators and simplistic phone l i ~  
modems contribute to the poor pe r  

f pocket controllers on t" 

H new runing indicator design assures auick 
and accurate tuning of HF Packet si  

ning 
i e  
formanc CD (carrier detect) and threshold level clrcutls 

designed specifically for300 baud HF Packet 7 r. 

Work 
... ,, 

A sine-wave synthesized transmit tone 
generator assures minimum phase distortion 

I he 5; 1-/UUU IS deslgned speclbcally to greatl) 
nprove the 300 baud HF Packet performoncc 
Nf all packet and multi-mode controllers. 
echniques developed for our government an' 
iilitary ST-8000 (MD-1232/G) HF modem are 
pplied to the special problems of HF Packet 
~ d i o .  It's simple . . . just connect the ST-7000 to 

vour existing pocket or multi-modecontroller . . 
nd  you're ready to send data, not repeats. 
The "standard" 200 Hz shift mode of the 

T-7000 has o 6-pole input bandpass filter, an 
ptimized detector circuit. ~ l u s  o 40 db AGC 
ystem. These desi! ss make 1 IF 
acket work! 
The ST-7000also i,,L,,u,, ,1600 HZshift made 

for even b ~ f f  ered b 
the 200 Hi 

ond splci tter 

Easily int 
--A- rr. 

erfaces v 
n+r-llsrr 

vith all packet an( 
,,,,,, ,,,,,, ,,,,, , via RS-232C. TTL, 
TNC VHF audio t ones 

factured 
1 I - ~  

Best of all, the $ I> lllUllUl 

~d tested entirely In rne dnited Srares ~y 
AL Communications, o company you've 
iown and trusted for years. 
TheST-7000 isavailabledirectlyfrom the 

factory at a price o f  $299.00, which includes 
a 12VDC, 0.25A power su 

etter per 
7 "standc 

formance 
~ r d "  shift 

!than is I 
mode. 
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P.u. tlUh 505 ILUI W. R t N T U N  K U A U  

URBANA, ILLINOIS 61801-0365 
PHONE: (217) 367-7373 
FAX: (217) 367-1701 
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YOUR HAM DOLLAR GOES 

CALL US 
NOW! 

In 1937. Stan Burghardt (WQIT), because of his intense interest in Call or Write I ' \  l'<al:t\ 1:or n Ouolc! 
amateur radio, began selling and servicing amateur radio equipment YOU'II Find U \  10 he C O U I - I C O L ~ ~ .  Kn~~u.lcdgcahle 
in conjunction with his radio parts business. We stand proud of this and Hclnert 

long-lasting tradition of Honest Dealing, Quality Products and 
Dependable "S-E-R-V-I-C-E"! PHONE (605) 886-7314 

Above all, we fully intend to carry on this proud tradition with even FAX (605) 886-3444 
more new product lines plus the same "fair" treatment you've come 
to rely on. Our reconditioned equipment is of the finest quality with 30, 
60 and even 90-day parts and labor warranties on selected pieces. 

'And always remember: 
I O N D l l  Iln I l l011  

- W E  SERVICE WHAT WE SELL - 
AEA Belden lcom 
Alinco Bencher JeroldlDelhi Palomar 
Ameritron Bird Kantronics Radio Callbook 

Amphenol Butternut KDKlEncomm Rohn 
Amp Supply Centurion KLM TeleUHygain 
Antenna CES Larsen  en-~ec SPECIAL OFFER! 

Specialists Cushcrafl MFJ Trio-Kenwood 
Astron Daiwa Mirage UnadillaJReyco 
B & W  Hustler Moseley Yaesu 

CALL TODAY 
182 N. Maple 
p.0. Box 73 FOR SPECIAL QUOTE 

Watertown. SD 57201 

NOVEX 
DM4061 Dip Meter every Iwm nadr one 

A must Tar e r t r i  ham ,hark - chcck coils. tnnk rlrcuits. 
mlrnnu, urr a. KF gsnerrler. ~nlcrnal  modulation. Iml 
for harmonio. I J - 250 MHz 6 nlut-tn tolls 
only S79.95 + $4 S&H 

whole on the rsr . 10 A IW r.,, le.1~1 . I I lo 150 MHz . 50 3 9  canrcton . 5. WhlD .",an". 

PM330 RF Power MeterfDummy Load 

. >/2O,l?O watt nnt.. 
measurn your llr A 
HT wxar OYlpY, 

FC5250 Counter Inow your rrnnrmir frequency 
10 I lr  to 110 h4lli 
7 di8m . ACFurIIe I0 f l count . G3,C tirn?, I 0,  J SCC . HF A V t IF  inguls . Fxerllcn, for ."dl0 
AC mwr sdnptrr P A ~ P  
~ncludcd 

only $129.95 + $4 S&H 

I Orders: 800-368-2270 b:*..Z.:"" 1 .- .."" 
Electronic Equipment Rank 

I,"., "",,t- I- W"h,",La. "C,  
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Covets 21~54 MHz. 108- 1 1 1 ~ .  
406.51ZMHz.and8W-95oMHr 

ARg00 '5 SEM k n h  and S k w h  hmks. 
TO,.> n ~ .  I.,.~~I  RIP^^ 23 Day SPl~~Iact!on Owanlee. 
I E ~ ~ , I ~ ' ~ ~ ~ ~ ~ P P ~ ~ ~ O P ! , O N I ~  Full ~efund d no1 Sawr~ed. $299 .m . NO F ~ n c m  - o",. 

. S w 2 ' x S % ~ x l n ' '  vr-12- 

COMMUNICATIONS 
10101 E. 106th St lndpls . IN46256 

TollFree 800-445-7111 - I - V2saa.d M a s r C a r d  1 -  I 
(COD s l ~ q h t l ~  hrgherl 

In lnd1ana311849 2510 Collwt FAX(317)849 8794 
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I f  posslble let us know lour lo SIX Weeks 
before you move and we w~ll  make sure 
your HAM RADIO Magazine arrlves on 
schedule. Just remove the mail~ng label 
from thls magazlne and affix below. 
Then complete your new address (or any 
other corrections) rn the space provided 
and we'll lake care of the rest. 

ham 
Allow 4-6 weeks for 

radio correction. Magarme 
Greenv~lle, NH 03248 

Thanks for hslplng us to sene you better. 
r--\ r - -  

I I a , I 
0)  

I AFFIX 

I LABEL 

HERE 
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PAM TWO 
By Ron Todd, K3FR, 7 Hillcrest Road, Windham, Maine 04062 

Add output option menu into PATH FINDER to allow either case specific or global 
access to this data file. The case specific feature 

and file access functions eliminates the need to maintain a desk reference when 

for complete operating aid using PATHFINDER in a point-to-point mode. Global 
access lets PATHFINDER generate the world bearing 
and distance report, or report all QTHs on or near your 
grey line. I've added an expanded hard copy function 
which is accessed through a second menu level when w hen I originally defined PATHFINDER1 I you want printer output. The menu provides selection 

wanted a program that would bring together of either a chart or tabular format report of the latest 
three major utilities regularly used to map hf MUF run, ora listing of the current conditionsand loca- 

operating activities: MINIMUF2, bearingldistance, and tions defined. 
grey-line summary. Part 1 showed how these three 
seemingly differentfunctionsall rely on the same basic Getting more Out 

set of mathematical routines, and presented the core 
program of PATHFINDER. If you've read part 1, you 
know that PATHFINDER isa menu-driven program that 
reports bearing and distance, home and target termina- 
tor events, MUF for short and long path to the target 
specified, and the radial MUFfor a given timeand path 
length. Conditions may be changed and analysis 
selected at will to provide a general view of propagation 
modes and conditions. However, PATHFINDER is cum- 
bersome to use because coordinates must be entered 
manually. 

The ARRL Antenna Handbook is a handy reference 
for your target  coordinate^.^ At the back of the book is 
a listing of DXCC countries with their geographic coor- 
dinates. But, when using a reference table of location 
coordinates, there's still the chance that you might enter 
a coordinate incorrectly and waste time rerunning a 
simulation. There are two other features PATHFINDER 
might provide once you've establisheda latitude/longi- 
tude data file. Theseare a global summary report of grey- 
line conditionsfrom your home location toany location 
in the data file which has terminator concurrency, and 
a summary listing of bearing and distance from the home 
QTH to all locations in the data file. 

This month I'll give you a program to generate a data 
file of prefix, location name, and geographic coor- 
dinates. I'll also include the appropriate code to insert 

The charting feature of the expanded hard copy func- 
tion is, like the current list feature, built around thearray 
MOUT which is loaded during each analysis run. The 
current list option of the top level menu sent the data in 
this array to your printer. The charting option does the 
same, but presents the MUF data in a simple graphic 
form by tabbing your printer to a specific column. In the 
MOUT (36) array the index is equivalent to the indepen- 
dent variable of the analysis, while the array content is 
the analysis result for each increment of the independent 
variable. Choose the hard copy report function after 
each MUF run to get your report. The tabular report is 
still presented on screen as the analysis is running, so you 
can choose to output the report or run further analyses 
until you have one you want to keep. 

Those of you using the hard copy function have noted 
that the conditions under which the MUF is reported 
aren't listed to the printer. A third option isadded to the 
new hard copy second level menu to allow printout of 
this information. With only the output enhancements 
added, the new top level menu looks like: 
Opt: 1 = Input 2 = Anal 3 = Output 4=  Quit 
and the output function select menu shows the selec- 
tions available: 
Opt: 0 =Top 1 =Table 2 = Chart 3 = Data 

Figure 1 gives the steps and lines required to add 
these featuresto your copy of PATHFINDER, along with 
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Special shock . absorber 
Model R-T/N shown 

Quallty. Built of the 3 discharges thousands 
finest materials, from the \ of surges without 
heavy cast alumlnum hous~ng to needlng replacement. I f  a 
the brass constant.impedance element untt IS' hlt' wlth acharge - 
and marine grade brass ground hardware. beyond its rating. it is designed t o  
Only Amphenol connectors are used fail "short". giving an instant indication 
(instead of cheawr off-shore connectors that re~iacement is needed. Other brands 
found in other brands)for best frequency fail "opkn". leaving your equipment 
ranoe and VSWR ~erformance. The ceramic unDmtected without vou even knowina It. 
gasiube ~ r c - p l u g '  cartridge IS protected ~eilormance. ~tandaFd "off.the.shelf"- 
by a unique custom-deslqned nylon shock Transl-Trap unlts are used by every branch 
absorber.for best mechai~cal shock and of the U.S. Military, many government 
vibration protection. agencies and several Western European 
~eliability. Original Transi-Trap units are countries. The Alpha Delta design is based 
still in daily use after providing yearsof on the U.S. NCS TIB85-10 Bulletin covering 
continuous protection - from mountain lightning and EMP protection forcommuni- 
top communications sites to oceangoing cationsequipment. 
ships' radio rooms. The Arc-Plug cartridge 

Transl-Trap Protectors are designed for SO ohms. include a replaceable Arc-Plug cartridge 
and have UHF connectors lalso available with N-tvw connectors for use throuah 1 CHd. 
The low power models aremost sensitive. best ~GRCVRS and XCVRS 

. . . . . . . . . . . . . . . . . . . . . . .  MODEL R-T. 200 W through SO0 M H z .  ,532.95 
MODEL HV. 2 kW through SO0 M H z .  . . . . . . . . . . . . . . . . . . . . . . . . .  $35.95 
MODEL LT. "T-type". 200 W through 30 MHz . . . . . . . . . . . . . . . . . . .  $22.95 
At your Alpha Delta dealer Or order direct in US.: add $3 for postage and handling. 
Mastercard and VISA accepted. Ohlo resldents add Sale5 Tax. 

See Data Sheet for surge Iimltations. 

P 0 Box 571, Centerv~ile. Ohlo 45459 (5131 435-4772 

current solutions to current problems 

ATV CONVERTERS HF LINEAR AMPLIFIERS 
DISCOVER T H E  WORLD Or W -  rrl lOXCUlrlm 

Caw.  Pul. Lnc la HF I r n ~ M r .  D-.,b.d m VlmO-2C 18 1 6  C h o U  l 1 s  
Ih U O T O I O U  BulW~m. U- IW-65 JB F#nl. 8..d I I0 
AMIII m w  IIm70 Em1 IW l M 6 5  
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1 6 0 n  CHIP CAPACITOR5 

ATVJ am-4% w.ar r n  8.901 ~ 4 t  
METALCLA0 MICA CAPIC ITORS 

A T I l  W2-P'I i r X 5  l L T l  11'1'15Km1 
lF POWER TRANSISTORS - - -  UIIFI~IC 1m m 

MRFI' I IG l 1 S W  

W V n n  .a ::E:-;:~;:L ( I ~ R  Y I Y l  CIRCUIT U I I E n S  
I l l rn  IBL I 1 6 Y I  

I t 8 6 1  I (LI.nu.0 IWL I X  1 7 9 3  
I WsII YDd.( 1 5 1  

5m U C O  TRIMMER C U A C R O R I  

7% Wan - I111 Sa *tll*d rnlomaln snd ..rn call or wrr. lor 
A..,,. b* m Llc a xmnd .d , . m d  ou, I," ..,.lo, ~ t ~ m ~ w . h n k s n d l u d L I  

IFF" -I mW&'&- ~b .n 
Brown strn# 0.~atOM45l01 tsn) 1 1 0 - w 7  

LOW BAND DX-ING 
COMPUTER PROGRAMS 
b y  J o h n  Devoldere. ON4UN. f o r  
App le  i le lc .  MS-DOS. Commodore  
C-128 App le  Mac in tosh  a n d  Kaypro  
CPM Computers  
Here's a collection of 30 super programs 
written by ON4UN Jusl about every Interest 
or need IS covered-from antenna deslgn 
and optimization lo general operating pro- 
grams. Antenna programs include: shunt 
and serles Input L network deslgn. feedline 
transformer, shunt network des~gn. SWR 
calculation, plus 11 more! General Ham pro- 
grams include. sunriselsunset, great clrcle 
distances, grayline, vert~cal antenna design 
program, sunrise calendar plus 9 more1 
Phew. When you sit down to use these pro- 
grams you'll be amazed at what you have. 
The best value in computer sofiware avail- 
able today. ' 1986. 
I [UN-Apple Ilelllc $39.95 ea. 
LIUN-MS (MS-DOS) $39.95 ea. 
LJUN-CPMIKaypro $39.95 ea. 
CIUN-C-128 (COMMODORE) 539.95 ea. 
CIUN-MAC (MACINTOSH) 549.95 

LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Ava~labie' The new. 2nd editton of the 
deflnitlve book on Low Band DX'lng. Based 
upon years of practical on-the-alr 
experience, learn the secrels of how 
ON4UN has been so successful on the low 
bands. Extens~ve coverage IS given to trans- 
mlt and receive antennas wlth clear conctse 
explanations and plenty ol illuslrations- 
dipoles. ~nverled V's, slopers, phased arrays 
and Beverages-they're all in thls book. 
Also covered: propagallon, transmitters. 
receivers, operating, software and an exten. 
stve Low Band bibliography. Go~ng to be a 
best seller! Get yours today. 5 '  1987 2nd 
Edltion 200 pages 
L.,AR-UN Softbound $9.95 

BW'EM BOTH 
SPECIAL OFFER 

Book S S o f t w a r e  Reg. $49.90 
($59.90 for Mac) 

Just $44.90 ($54.90 f o r  Mac) 
OUN-SO (specify computer) 544.90 
DUN-MSO Macintosh Specia l  554.90 

SAVE $5 
Please enclose $3 50 shlpp~ng 8 handling 

ham radio BOOKSTORE 
OREENVILLE. NU 03048 603-978-1441 



Ilodlficatlon. to FATWIINOCR to add chart and data Outpot to 
line printer routines. 

1.p1.e. line 200 rlth: I 
200 INPUT "Opt: 1-Input 1-Anal 3-Output 4-Qult ";I0 

~eplaee 1ln.a 290 thru 320 with: 

290 INPUT 'Opt, 0-Top 1-Table 2-Chart 3-Dats"110 
300 ON 10 GOSUB 310:350.390: W T O  200 
310 LPRINT .OIIT/DCG ..IUT1,"GIT/DEG ,.I1UI5 
320 FOR IH-0 TO 1-14 ?OR IB-0 TO 1 STEP I 

~ d d  new lines 330 thrv 450. 

330 LPRlNT IIH+IB).IA.IOUTIIH+III), 
340 NEXT 1B: LPRINT: NEXT 1 8 :  RETURN 
350 ?OR IH-0 TO 1.1-1 
360 LPllNF ! ~ W ~ I I ) ; 1 A B l 6 r ~ N T l M O U T l ~ H ) ) ~ ~ * ~ :  NEXT IH 
37OLP.INT 10 1 110 I 120 1 130 1 I60 I 
380 LPRINT: RETURN 
390 LPRlNT 'Path length -";INTIGI.3959)i"nLles" 
400 L P I I N 1  .Path bearing at home OTH.-:;INTlPB.Rl) 
410 LPllNT .DATE: 'llIDSl15.3.lO-2.31 06 
420 LPRINT "HOME AT WT"LR"LONG.WH" TARGET AT LAT"LT'L0NG"WT 
430 LPRINT .SOLAR ?LUX-"SX" SUN SPOT NUMBER-'S9 
640 I, IL-2 TWIN LPIINT "TIWE: m~INT140.1NTlT51*60'T5)/1008"S" 
450 RETURN 

~odif1c.tlon. to P m r I N D l R  to mcc.1.r.t. GRIY-LINI eomput.tIon. 

Change 1ln.m 1300 and 1310 to, 

1300 NO-NIX LO-L~, aosu. 51ooi r u i n  'at home an'i W~U. loo0 
1310 o u u a  84201 NO-1121 LO-~ar WUU. 51001 PRINT .~t t u g  am. 

1 Replac. 11n.s 5000 thrv 5040 rlthi 

D.1.t. Iln.. 5050 thrv 5090. 

1.p1.c. 1in.s 5100 and 5110 lines rlths 

5100 1911)-0, X-I,O+Y28 COII)-COUIXII COA-COSI6.YlI 'MY C U I  
5110 I. CO(II<-16  IN 5110 ELSE ~U-6.lIrw0*Sll-IT 'MY CK 

add new 1ln.l 51i0 thrv 51701 

5110 zr xdto TSUI 18-nut14 ELSE I? lS,-14 n n n  mu-18-24 r~ 

$130 I-COUIYII.C~SILOII ir X<.OOOO~ n s n  x-.oeoo~ 
Sl4O X-ISINIYI).IIINILO~-U~~/XI W S U B  6 0 0 0 ~  X-S*X*?lr K9iIl-2.X 
5150 SUIII-xu-as I? U R I I I < O  =IN ~ I I I - s ~ I I ) + ~ ~  v a m  
~ 1 6 0  $170 SS(II-KU.X~ R I N W  S? ~ ~ i l l > - 2 6  t m m  U U I K I - U S I I ~ - ~ ~  .IGUS 

I .I 

Modifications to PATHFINDER to add chart and data output 
to line printer routines. Modifications to P,fiTHFINDER to accelerate GREY-LINE com- 

putations. 

the changes and additions needed to add the expanded 
hard copy functions to the program. The scope and 
nature of these changes have been limited toadd, delete, 
and replacefunctions. If you usea word processor, note 
that some of these and the later changes amount to no 
more than renumbering and moving some lines so that 
they occur in a revised sequence. This can save you 
some time in implementing these enhancements. If you 
don't use your word processor for this task, input new 
lines to your BASIC rather than using its RENUM com- 
mand. The RENUM command will renumber all lines 
beyond the first target number and cause all sorts of 
headaches when you implement the rest of the features. 

At this point you can choose either a tabular or a chart 
format printer listing of MUF. You can alsoobtain a list 
of the current input data so that you won't have toanno- 
tate your listings in order to remember what the output 
istelling you. I assume you all have fat fingers likemeand 
would benefit from some debugging; it would be a good 
idea to practice the new PATHFINDER features before 
continuing on to the data file access features. 

Blazing speed 
The grey-line daylight characterization routine in 

PATHFINDER wasn't optimized in the original version. 
This makes littledifference when yau're doing individual 
specific grey-line evaluations, but will slow down the 
grey-line summary when it's added. Figure 2 shows 
modifications that create a separatesubroutine to com- 
pute the solar events and merge this routine into the one 
needed to determine the solar driven parameters for 
MUF computations. Again, the changes may be done 
with your word processor working on an ASCII version 
of the program. 

Data makes THE difference 
PATHFINDER'S prime limitation in its original form 

1 1109C.. to CZeatl) OC edlt a S.qYentIal data file. I 

120 I? LINIB$l-0 THEN 110 ELSE 750 
200 W S U B  7001 IF EO?Il).THEN 760 ,EDIT RECORD 
210 INPUT .EDIT PRErlX: JPY$I GOSUB 900: I? E0?111 THEN 160 
110 WSUB 600: INPUT .<cI> to contlnu.. .Is. 0one.r B$ 
130 I? LIN(I$L-O THEW 210 ELSE 150 
300 GOSUB 100: I? EOrll) THEN~760 'INSERT RECOMD 
310 INPUT "ADD ArTER PRCIIX: tPYS: GOSUB 900: I? EO?lll THEN 760 

340 I? LENIB$I-0 TREN 330 ELSE 750 
400 W S U B  lOOl I? EO?11) T?EN 760 'DELKTE RECORD 
410 INPUT "DELETE PIEPIX: ~PYS: WSUB 900: IT ~or(11 THEN 160 ::: $::; i ~ : ~ ? n : D o F B ~ ! ~ ~ ~ * T ~ ~ ~ d ~ j Y ~ ~ ~ p ~ ~ , a ~ , ~ ~ , w a  
..o IS..-, trrtm -<ear to continue. el.. none", as 
iSi ii ~ ~ i ~ i $ i ; i  TRI" 410 SLSS 750 
500 OPIN "O~,II,*UTLONG.DAT~:~CLOSC (1' W T O  20 'CISATE NSM ?ILE 
600 INPUT .P~lflx'lPX$l INPUT PfWmtP$ .CAPTURE DATA 
610 INPUT .Latilud. .IL~: INPUT ~ongltude ";W2 
620 PUINT .I... P L U U E  CHECK DATA ... I 
630 B$-.-i INPUT. .<El> if OK, R to Redo. .I.. QUITmtSf 
640 I? LINIB$I-II TRCN n 1 T E  12,PX$.PSIL1.Wl: RETURN 
650 I? ID$-.I" OR I$-"C") THEN 600 ELSE RETURN 
700 OPEN .1".11 .UTLONG.DAT" 'OPEN FILES 
110 0?11.:0;,I2 "TElP.DAT'i RETURN 
750 PY$- WIIUS 800 *COPY REST Or IILE AND GLOBE ALL 
760 111NT 'IND ~rf .ILS.! CLOSE Ilr CLOSE I2i XILL "UTLONG,DAT' 
770 NAN* .TEIP.I>ATm AS .UTLONG.DAT": GOT0 20 ::: i: E~<~~~~'~n~ER~~Z~!~i:~~~~?i~~iY2c~kYo?F~~~E kZ%" 
900 W I U B  8001 I? !OII1)mT?IN RETURN .WIND RECORD 
910 PRINT .?OUDJI IPXSI la$!' L.t-.tLa~. Lon-"8Nl 
930 .$-".I fW.lr .<CR> If ox, W for NEXT, .I.. to QUlT"i BS 
940 rr L E N I B S I < ~ O  THEN WRITE I~.SX$.P$.L~.W~ ELSE RETURN 
950 I? NOT 1st-'N" OR B$-"""1 THEN PYS-"" 
960 0010 900 
1000 uS-."r 1-0 ,111n1 RSY FILE, EXIT 
1010 OVEN .Im.I1.'UTLONG.DAT"~ OIKN ~ O ~ , I 2 , ~ W T L O N G . K E Y ~  
lo20 I? c0.lIl THEN 1090 ELSE I-Irl: INPUT I1,PX$,Q$.L2.*2 
1010 A$-L.PTI(IXS.1): I P  .$-AS THEW 1010 ELSE B$-.L$: 2-1-1 
1040 IP-ASCIBSI-651 lr I?131 THEN IP-I?-31 
1050 I? IP>25 THEN 1020 
1060 I? iIP>-181 AND lIP<-71 THEN lP-ZP+43 
1010 I? IIP>-01 AND IlPt361 TREN WRIT6 fi2.1P.J 
1080 oom 1020 
1090 CLOSE 411 CLOSE 111 END 

I I 

Program to create or edit a sequential data file. 

was that you had to know the geographic coordinates 
of the target station. Many serious DXers keep a listing 
of bearing and distance informationbn their desks, or 
use some other operating aid to help point their 
antennas. Sometimes these indexes include the geo- 
graphic coordir~ates at the location of interest; often they 
do not. Your computer gives you an excellent card box 
in which to keep this information. Next, I'll tell you how 
to get this information into PATHFINDER. 

Your compulter keeps its information in files on tape 
or disk. When you save program data to one of these 
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files, the operating system arranges and catalogs the 
data for you so that you can find it later. Generally there 
are two types of files used for this information storage: 
sequential and random. Sequential files can usually hold 
any type of information in any order, but data must be 
accessed in the same order aswritten from beginning to 
end. Random files can be accessed at will, but may con- 
tain only strings (character data) of fixed format. While 
random files allow quicker access to data stored deep in 
the file, more complex operations are usually required 
to get the data into and out of it. Additionally, some 
dialects of BASIC don't even implement random access 
files. I'll present only code to generate and access 
sequential files. 

When generating your data file, you can choose from 
several sources of geographic coordinates to create the 
locations contained in that file. My own data file was 
taken from Overbeck and Steffen.4 In addition to the 
ARRL publication mentioned previously, a world atlas 
(like those published by the Rand McNally Company or 
Encyclopedia Britannica, Inc. can provide a source for 
the data you need. Your local library should have one of 
these references. 

The listing in fig. 3is the codefor GENDAT.BAS. This 
program creates and edits a sequential file called LAT- 
LONG.DATthat will hold thedata PATHFINDER needs 
to set a target QTH. At the end of the program, GENDAT 
reads the file just edited and createsa key listing file. This 
file tells PATHFINDER approximately where in the data 
file it can find the prefix you enter, based on the first 
character of that prefix. The program requiresthat both 
LATLONG.KEY and LATLONG.DAT beon thedefault 
disk. This must be the same disk you are using to run 
PATHFINDER and BASIC. 

GENDAT prompts you for the information it needs to 
build the data file. At the end of each entry, you'll be 
asked toverify the information you have supplied before 
the data is written to disk. Take this step seriously; any 
error in the data will reflect on PATHFINDER1saccuracy. 

Select NEW (item 5) at the first menu prompt the first 
time you run GENDAT. This assures the program that 
it will find a file when it needs to. After that you can add 
totheend of the file, edit an entry, insert an entry in the 
middle, or delete an entry by making the appropriate 
menu selection and answering the prompts. You 
needn'tfinish the job in one session; that'swhy thereare 
selections for all functions. If you already have a satis- 
factory LATLONG.DATfile in the specifiedformat, just 
invoke GENDATand then select QUIT (item6) at the first 
menu prompt. This will generate the key file from your 
current data file without changing the data file. 

You can usea word processor in the program-writing 
mode instead of GENDATas long as you enter the data 
in theorder of prefix, QTH name, latitude, and longitude. 
But you'll have toquote the string fields (prefix and QTH 

name), separateeach field with a comma, and terminate 
each linewith a carriage return. GENDAT may not beas 
fast or as flexible as a word processor, but it does order 
and delimit the data for you. If you do use a word proces- 
sor, make sure you build a small program to create the 
key file. The code for this is in lines 1000-1090 of GEN- 
DAT.BAS. Without the key file, PATHFINDER will 
either fail to function or, at the very least, will take more 
time in finding a OTH for you. If you are a good typist and 
feel comfortable with your word processor then go 
ahead and use it; otherwise, I highly recommend that 
you key in and use GENDAT. 

Whichever way you choose to create your data file, 
the prefixmustuse capitalsforallitsalphabetic charac- 
ters! Another thing to remember when preparing your 
data file is that you must group all locations according 
to the first character of the prefix (all G's together, all U's 
together, all l's, etc.) Though it's not necessary to 
arrange these groups alphabetically, it'seasier to do so 
as the searching process will run a little faster and the 
bearingldistance and grey-line summaries will print out 
in order. I haven't worked out a simple way to access a 
country without an assigned prefix (Abu-ail), so you'll 
have to code it as some strange numeric or alphabetic 
call; try "ABU" for instance. Do not, however, use an 
asterisk ( + I  for these calls; GENDATuses this character 
as a default to terminate searches. 

The keys to the kingdom 
Now that you have data and key files, how does 

PATHFINDER use this information toset QTHs? In order 
to minimize the search time on the sequential LAT- 
LONG.DAT file, I have implemented a key file called 
LATLONG.KEY. This file has up to 36 integer pairs 
which tell PATHFINDER how far into the data file it must 
read before reaching an entry with the same first charac- 
ter as the prefix you're looking for. The keys are based 
on an ordinal value assigned to the letters of the alphabet 
and the numerals (letters from 0-25 and numerals from 
26-35). The first integer in the pair isthe ordinal value of 
the first letterlnumber of the prefix; the second integer 
is the number of records that must be read before the 
program can read a record with the same prefix first 
character. 

When you enter a prefix to PATHFINDER'S prompt, 
the program takes the first character in the prefix, deter- 
mines its ordinal number in the same way GENDAT 
does, and then looks in the array IKEY for the index num- 
ber corresponding to this character. Using this index 
number the program will open the LATLONG. DATfile, 
read and discard that many locations, and then start 
checking the prefix of the data file location for a match 
to the prefix you requested. When the program finds a 
matching prefix, it displays the location associated with 
it and checks with you to see if it's the one you want. 
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It's a lesson you learn very early in life. Many can be good, some may be better. but only one can be 
the best. The PK-232 is the best multi-mode data controller you can buy. 

1 Versatility 
The PK-232 should be listed in the 

amateur radio dictionary under the 
word Versatile. One data controller 
that can transmit and receive in six 
digital modes, and can be used with 
almost every computer or data ter- 
minal. You can even monitor Navtex, 
the new marine weather and naviga- 
tional system. Don't forget two radio 
ports for both VHF and HF, and a no 
compromise VHF/HF/CW internal 
modem with an eight pole bandpass 
filter followed by a limiter dis- 
criminator with automatic threshold 
control. 

The internal decoding program 
( S I A M ~ '  feature can even identify 
different types of signals for you, in- 
cluding some simple types of RITY 
encryption. The only software your 
computer needs is a terminal program. 

I'C' f';lkr;~rt Packct l 'X/KX I>ispl:~y 

Facsimile Screen Display 

2 Software Support 
While you can use most modem or 

communications programs with the 
PK-232, AEA has two very special 
packages available exclusively for the 
PK-232 .... PC Pakratt with Fax for 
IBM PC and compatible computers, 
and Com Pakratt with Fax for the 
Commodore 64 and 128. 

Each package includes a terminal 
program with split screen display, 
QSO buffer, disk storage of received 
data, and printer operation, and a 
second program for transmis- 
sionlreception and screen display of 
facsimile signals. The IBM programs 
are on 5-114" disk and the Com- 
modore programs are plug-in ROM 
cartridges. 

3 Proven Winner 
No matter what computer or ter- 

minal you plan to use, the PK-232 is 
the best choice for a multi-mode data 
controller. Over 20,000 amateurs 
around the world have on-air tested 
the PK-232 for you. They, along with 
most major U.S. amateur magazines, 
have reviewed the PK-232 and found 
i t  to be a good value and excellent ad- 
dition to the ham station. 

No other multi-mode controller of- 
fers the features and performance of 
the PK-232. Don't be fooled by imita- 
tions. Ask your friends, or call the 
local amateur radio store. We're con- 
fident the PK-232 reputation will con- 
vince you that it's time to order your 
very own PK-232. 

Call an authorized AEA dealer 
today. You deserve the best you can 
buy, you deserve the PK- 232. 

Advanced Electronic 
Applications, Inc. 

P.O. Rox C-2 160 
Lynnwood, WA 98036 

206-775-7373 

Brin s you the 
Brea through! AEA a 
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40' TUBULAR TOWER 

-SALE! $629 

-SALE! $999 
Handles 10 sq I t  a1 511 nlpn 

P I ~ R S B S  ne#ghh,lr? wtlh 
tubular ~treamllned looh 

TM-721A DUAL BANDER 
* NEW IBM Fax Screen 

Display Program Ava~lable 
2 MTR/7Ocm Transmit/Receive on Six Mode 

Extra-strength Construcllon 
Can aod ralslng and motor 

CW/RTTY/ASCIII 
drlve accessortes PLMTOFUPackeVFAX 

2 MTR/220MHz 
4 5 w  2 5 w  

AUTOMATIC OFFSET 

CALL FOR LOW, LOWPRICE 

Ten-Tec OSK cw, real F?Kdnd s~irebandaudio 
Select anyllter In a n y  r~iode 
TX 1601hrough 10 meters . All modesuperiority 
AX 100 kHz10 30MHZ - A premier HFrig 

Contemporary  d e s ~ g n .  3CXBOflA7 . Exteinal Power Supply 
q u a l ~ t y  a n d  a 5 year  warranty  

o n  parts a n d  labor.  
6 m o n t h s  o n  t h e  RF Final  transistors. 
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IN THE WORLD 

MULTI-BAND 

THE ULTIMATE YOU CAN OPERATE SIX BANDS 

150 W, ALL BAND WITH ONE CONTROLLER! 

TRANSCEIVER HF TRANSCEIVER 2 MTR 25145W. 440 MHz 10 MTR. 6 MTR. 
220 MHz 8 1 2  GHz 10 MEMORIES 

SALE! GAL!- FOP PRICE A R E  YOU REAL1'' '  FOR 
1.2 GHz OPERATION? 

A Models 25W. 
HANDHELD 

IC-03AT IC-3AT 220 M H z  
IC-04AT IC-4AT 440 MHz 

IC-u4ATIuPAT 
440 MHz. 2MTR 

100 W, 100 KHz-30 MHz 25 MHz-1300 MHz 
Dual VFO Receiver SCANNING RECEIVER 

I ; ; I I  hl  .iil:i.i . . ' I3  % O ? C d O  blI!,3 &I? 'I;?, t I I ~ I * ~ ~ : ~  nf,r)e.y~,,~~n R A M O ~  K ~ Y H A  
K l i i l l l <  i )~.l l) F81111 sd l l  lhV<,O ~ W Y  

STORE HOURS 
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A PICTURE IS WORTH A 
THOUSAND WORDS 

YOU ALREADY HAVE: 

El TRANSCEIVER 
Id ANTENNA 

COLOR VIDEO MONITOR 
AUDIO TAPE RECORDER 

ADD: 

ROBOTCOLORSLOW 
SCAN CONVERTOR 
(Video Transceiver) 

YOU NOW HAVE: 

A COMPLETE COLOR 
VIDEO STATION 

No modifications. AMIFMISSB; 
Direct, repeater or satellite 

operation. Computer interface. 

SALE PRICE: $1095.00 
REGULAR: $1 295.00 

NOW THROUGH DECEMBER 1,1988 

CALL TO ORDER 

1.619.279.9430 
VISA MASTERCARD ACCEPTED 

ROBOT RESEARCH I N C .  
5636 RUFFIN ROAD 

SAN DIEGO, CA 
92123.1317 USA 

TEL 619.279.9430 
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( "America's Weekly Guide to Satellite TV" 

The best in satellite program- - ming! Featuring: * Over 120 
Channels listed + Weekly, 

f Updated Listings + Magazine 
Format Sr Complete Alpha- 
betical Movie Listings 
+ Sports Specials * Prime 
~ i m e    rids * Specials 
*Programming Updates! 

Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (1 04 weekly issues) 
$1 .OO for sample copy 

'NC Res~dents must add 5% Sales Tax 

Subscribe Today! 
call toll free 1-800-234-0021 
Visa* and MasterCard ' accepted 

OnSat W Box 2347 Shelbv. NC 28151-2347 [ // 

The new STV Guide con- 
tains valuable information on 
zoning regulations, scram- 
bling, plus technical tips for 
installing or updating a satel- 
lite system-and now a pre- 
cise monthly guide to satel- 
lite TV with the latest pro- 
gram listings for over 90 
channels! 

All this in each complete issue of STV Guide! 

I Only $48.00 per year (1 2 monthly issues) 
$2.00 for a sample copy 

'NC Res~dents must add 5'0 sales tax 

I Subscribe Today! 
Call toll free 1-800-234-0021 
Visa "and MasterCard " accepted 

STVGulde PO Box 2384 Shelby, NC 28151.2384 
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handles thissituation by preloading the IKEY array with 
a default value which is overwritten by those locations 

~.thfind.r modificm~lons to add data fll. acc.ss and .uuacy menus 

Replace Il".. 100 and 210: 

100 INPUT "opt: I - I ~ ~ U L  1.~n.1 3-output 4-rile 5-aatt .IIO 
210 OW 10 GOT0 220.140.180.460.9999: GOT0 200 

~ d d  1in.s 11 thrv 78. 

I 11 01" IKEY1351: OPEN "I..l,'LATLONG.IEY' 'LOAD ICY A R M Y  
14 ?OR IP-0 TO 35: IRlYlIPl--1: NIXT IP 
16 11  NOT E01l1) THEN INPUT II.I?,IKEYll?l: W T 0  76 
78 CLOSE *I I 

( ~ d d  1tn.e 460 and 410. I 

I 460 INPUT 'Opt: 0-Top 1-B/D I-Gray 3-TaI9.t '810 
410 OW 10 GOSUB 500,600.800: GOT0 200 I 

PATHFINDER modifications to add data file access and sum- 
mary menus. 

I PITRPINDEl .odIfic.tlon. to edd data file acs.ls function.. 

~ d d  line. 500 thru 510. 600 thru 710 and 800 thru 940. I 
500 OPEN .I..I.mLATLOm.OAT. 'BURING/Dl8TAMCL LIBT 
510 LPRlNT "QRErIXm TAB1151 "QTH' TABI481 'SRORT PATH. TAB(68) 'L' 
520 LIRINT TAB1451 'DURING DISTANCC" TAB1651 'BURING DISTANCE" 
530 IL-O: 1 1  uor(l1 THEN 510 ELBE INPUT I~,PX$,O$.LT.IIT 
540 LPIIWT 111 T A ~ 1 1 0 1  ~ l l T S ~ O b . 3 O l ~ i  GOSUB 8420 
550 GOSUB 3000: I - i ~ :  I A - S I ~  ioaun 580: XL-I 
560 GOSUB 3000: 1-65: 11-73: G08UB 580: LQRINT: GOT0 530 

610 r r  LR1,-14 THEN IRR-~lX+241<-LR21: IR8-llY+l4l<-L~ll 
615 11 LS1,-24 THEN 1SR-1IX+l4l<-LSll: ISS-1IY+l4l<.LIlI 
680 It I I I  On IIS THEN 690 
685 IRR-~X>-L~lIAMDlX<-LR21: IRS-(7,-LRllAMO(Y<-Lull 
690 I? ISR OR I68 THEN 700 
695 ISI-OO-LbllANDIX<-LSlli Ib8-IY>-LSllAHDIY<-LSII 
100 I r  1 1 1 1  01 I I S  01 IS" OR ISSI GOSUB 720 --.- -.. 
720 LPRINT PX$ TABIIOI LErT$(Q$,301 TAB(4511 
130 11 IRR TWIN X-SIIII: A51.51.: GOSUB 110: 
115 1 ?  In8 THEN X-SSIIl: A$-"68": GOSUB 710 
140 LPRIWT TA816018 
150 1 r  ISR THIN X-$1111: A$--511.: GOSUB 710: 
755 11 ISS TWIN 1-ss111: As--SS.: W S U B  110 
760 LPRINT, RETURN 
170 LPRIHT INTl4O*INTll~r60.1~/1OO~"Z ';A$i; RETURN 
780 CLOSE 81: RETURN 
800 INPUT 'PREFIX TO 81ARCW ?01"111$ 'TARGET rlOl FILE 
810 I.-ASC(LEm$lQY$,LII-65: I? II)31 THEN IP-IP-31 
810 I? IP,15 THEN PRllll "ERROR.: GOT0 800 
(130 ~ $ - ~ ~ R $ 1 6 5 r l P ~ :  II (Is<-1 .LWD ,I>-181 THEN IP-IP+43 
840 It III<010111P>351 THEN PRINT .ERROR.: GOT0 800 ELSE IP.  
850 OPEN "I",l,"LATLONG.DAI": IT IItO THEN 930 
860 ?OR 1-0 TO IP: IWUT II.PXS,~$,LI.WI. NEXT 1: GOTO 890 
810 I r  LOIIII THEN 930 ELSE INPUT Il,PXf,Q$,LI,W~ 
880 I, LI?TllPl$,11>.L$ THIN 930 
890 I F  PX$OPYS TUEN 810 ELSE PRINT 'Pound: .PX$" In 'Q$ 
900 B$-.": INPUT <CR> i f  OK, N for  NEXT, else to QUIT8 US 
910 I r  LCWIBSI-0 THEN-LT-Lr: YT-W?: GOSUB 8410: GOT0 940 
910 IF IB$-"N")ORlB$- ""1 THEN 810 
930 PRrNT "NOT round" 
940 CLOSE I1I 1-1: RETURN 

ONG 

LI 

PATH. 

ST 

PATHFINDER modifications to add data file access functions. 

Some prefixes have more than one location 
associated with them; you may check each one in 
sequence until you have selected the one you want. 
PATHFINDER continues thisactivity until the prefix no 
longer matchesand then closes the file. You can cut this 
process short by telling the program to terminate the 
search. When you accept a location, PATHFINDER 
copies the latitude and longitude to the target location 
and then returns to the top level menu. 

The index array is built once at the beginning of the 
program execution by reading in the key valuesfrom the 
LATLONG.KEY file. Some prefix first characters (M, Q, 
etc.) may not occur in the data file. GENDAT doesn't 
store a data pair for these characters; PATHFINDER 

which do occur. When you input a nonoccurring prefix 
PATHFINDER extracts thedefault value from thearray 
and, knowing that the prefix does not exist, it then exits 
the search function. 

Now add the code for the data file access. Figure 4 
details the changes which must be made to the top level 
menu - the additional lines needed to declare and load 
the key array and the additional program lines that define 
and implement the file level menu. These changes are 
rather simple. The new top level menu looks like: 
Opt: 1 = Input 2 =Anal 3 = Output 4 = File 5 = Quit 
and the file level menu is: -. . - -. . - . . . - . - - - . . . . - . . - . - - 
Opt: 0 = Top 1 = BID 2 = Grey 3 = Target 
Note that the QUIT selection in the top level menu 
changes to 5 to make a sensiblespace for the fileopera- 
tions. 

This is a good time to do some checks. After saving 
the program, type in lines 500,600, and 800 with a sim- 
ple print statement and a return statement to show 
which target you have accessed. Now run the program 
and exercise the menu selections. It isn't necessary to 
save the program here unless you have to make correc- 
tions. 

Figure 5 gives the code to accomplish the file-based 
functions. Insert these lines into the big hole of program 
line numbers preceding the hourly MUF driver at line 
1000. The space provided in the original PATHFINDER 
coding ended up being a little too tight to maintain 
MODULO 10 line numbering (particularty in thegrey-line 
list section) but, with a littlesqueezing of line numbers, 
the code fits. The function of this code is broken down 
into three main subroutines. Lines500-570generate the 
bearing/distance report summary; line 580 isa subrou- 
tine which is called to print the bearing and distance. The 
code from lines600-780does the grey-linesummary and 
calls the subroutine in lines720-760 to printa line. If the 
location is on your grey line, this subroutine calls another 
at line 770 to print the time and condition of the target 
grey line. The routine tosearch for a location in thedata 
file is in lines 800-940. 

The finished product 
You'll have a fairly sophisticated operating aid after 

making all these modifications to PATHFINDER. Any- 
thing comparable costs a lot more than two copies of 
HAMRADIO, and chancesarethe MUF algorithm isn't 
as good and doesn't run as fast. PATHFINDER can do 
a lot for almost any Amateur who has his own hf equip- 
ment. I recently discovered one application in the field 
of antipodal DX.5After entering thedateand solar flux, 
executea radial MUF projection with a path-length hop 
value of 5 and any hour you choose. The radial report will 
show you the MUF for each bearing to your antipode. 
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Try those bearingswhich show a MUF nearthe band you 
intend to work. 

In theglobal modes PATHFINDER accesses the data 
file one location at a time and uses these locations as the 
target for any computation required. The bearingldis- 
tance reportsare printedfor each location while thegrey- 
linesummary includesonly those locationswhich have 
a grey line within 45 minutes of one of your grey lines. 
Since the grey-line summary already takesa lot of time, 
there's no suggested MUF for this report. If you're 
interested in the MUFfora particulargrey-line path, run 
the point-to-point MUF for that location. 

You can achieve expanded utility of the file-based fea- 
tures by generating several data files, based on your own 
operating habits, and queue for a file name to use in 
generating the summary reports. Your summaries 
would take less time because they would be accessing 
fewer locations in your data file. For instance, you could 
deleteall the domestic locations or all the locations that 
could never have a common terminator from the grey- 
line file you use. 

Another suggestion is to make several data files based 
on continent or region of the world and select the one 
which interests you at the time. There is nothing magi- 
cal about the prefix value in the data files. You might 
want to enterthe state or country name in this field rather 
than a prefix. These tactics would be particularly benefi- 
cial if you use the grey-line summaryfrequently or want 
to separate bearingldistance reports for each region. 
Just remember that you'll have to load the key array cor- 
responding to the data file selected. 

Sorts can become complicated and, with the amount 
of storage a sort might require, I decided to avoid this 
nicety in PATH FINDER. You are welcome to implement 
your own to get your grey-line report in a time sequen- 
tial format. If you wish to convert the data file to a ran- 
dom accessfile, note that the key array and key file offer 
an open door to a significant improvement in perfor- 
mance and expanded utility. A revision of the grey-line 
test ranges is another customization you may want to 
consider for your copy of the program. You can do this 
by modifying the constant (.75) in the statements on 
lines630 of fig. 5. Thisvalue isa decimal hour represen- 

PATUrtUDER ..nu prompts and their functions 

m r  ..nu: 
opt: I-!"put I - A ~ ~ I  3-output I-ril. ~ - ~ u i t  

1 goto net INPUT menu 
2 got0 .elect ANAL1818 ..nu 
3 soto ..l.ct OUTPUT ..nu 
4 pot0 select PILE fuction menu 
5 QutT the program 

Iat INPUT menu: 
Opt: O-Top l-Date 2-llux 3-SSN I-Targat 5-Home 

0 return 
1 change 
2 change 
3 change 
4 change 
5 change 

to TOP level menu 
the DATI 
the ~01.1 lLUX 
the SUNSPOT NUMBER 
the TARGET coordinate. 
th. "0°C coordinate. 

ANALYSIS select menu: 
opt: O-Top I-B/D 1-Grey 3-8". 

0 return t o  TOP 1eVCI m . 0 ~  
1 report path IIEAIIING and DISTANCB 
I report th. .ndpoiont GRII-LINE so"d1ti.n. 
3 goto the wr ..l.cLlon menu 

"UI ..1*rtion .*nu: 
Opt: 0-Top I-Shoct 2-Long 3-11edia1 

0 return Lo TOP 1cv.1 menu 
I project 8HoRT path hourly muf 
2 3 proj.ct project U D I A L  LONG path muf hourly muf 

rILE funCtlon .elect ..nu: 
Opt: 0-Top 1-B/D 2-0r.y 3-Tar9.t 

0 return to TOP level menu 
1 print global BEARING and DISTANCE Ceport 
2 prtnt global GREY-LINE condition report 
3 load TAIIGIT 1Oc.tion fro. file 

PATHFINDER menu prompts and their functions. 

PATHlINDII data prompt. 

PRE?IX M SEARCH rOR 
enter a prefli to find for a new target 

<CR> If OK, N for NEXT. else to QUIT 
enter: a carriage return to accept this location 

"N. to reject thin location and see other. 
any orher character retucns to TOP level menu 

What GMT hour for display 
enter the ti.. for a cadial projection 

Idecimal hours1 

1 Hop - 2488 11 14000 1.). Long Path beyond 5 
How many hop. for display 10.1 to 9.91 

enter number of hops to u.c for radlal path length 
1deci.e.l values 0 k 1  

nonth nu.b.r 
sntac thm manth number 1 1  t o  121 

Day of month 
enter the day of the month (I to 28. 30 o r  311 

Solar rlui 164 f a  3011 
enter a "-1". for .o1.r flux 

Sun Spot Number I0 to 2501 
enter . value for sunspot numb.. 

Targat Latitude I -  south. 89.9 maxl 
enter th. tacget latitude in decimal deqcees .nd then 

Target Lon(lit~d~ I- east1 
mnter the t.1g.t longitude in decimal degrees 

Home Lstltude l- south, 89.9 mail 
antar the horn. latitude in decimal dcgrses and then 

womc Longitude I- east1 
rntec ths h0.e longitvdc in decimal degrees 

PATHFINDER data prompts. 

ance for grey-line reporting. There's no reason to keep 
the test ranges symmetrical or even equal. You might 
benefit by skewing these tests to reflect yourown prefer- 
ences or station capabilities. 

Once you start modifying PATHFINDER to suit your 
preferences, you'll appreciate the structured form of its 
code. There are lots of little program blocks defined as 
subroutines which are executed by the main program or 
by other subroutines. There might be a little more code 
required to do some functions than with a GOTO, but 

PATHIINDSR .e.eagCs 

Welcome to PATHTtNDEI-85 
COPIRIDHT 1987 by Ronald C. Todd 

PATB~INDER login and copyright m.ssage 

I ERROR 
e r r o r  ma... g.. occur. for .."era1 .it".tl~". 

I round: XY1 In Lorsr Hattrap 
requestad prefix found 

NOT round 
rcq"e.t.d prefix not found 

I 

PATHFINDER messages. 
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I GINDAT menu and data prompt. I 
GINDAT IENUI 
Opt, I-Add 1-ldlt 3-Insert 4-Delete 5-New 6-EXIT 

1 ADD C.cOrd. to end of fil. 
1 SDIT an erlstin record 
I I N s n T  record. In middl. of ~II. 

1 4 DELETE .n .sl.tlnq r-cord 

I 
5 Inittall.. a MEW data Ill. 
6 gen.rat. the k.y flle and EXIT the propram 

<C"> to CO"t1"Y.. .I.. Don. 
enter a c.rr1.g. return to contlnu. rlth funetlon. 
0th.rw1.e geturn to menu 

EDIT PRErlX: 
enter th. prmfli you r1.h to .dit 

ADD ATTER PKETlX: 
entar the pr.fIi you rlsh to In..rt r.sord. after 

DELETE sRcr1x: 
enter th. preflx you r1.h to d.1.t. 

D to Delete: el.. Rejest 
enter a D. If you really want to delete thl. record 

Prlfli 
.nt.r the wsozd pr.fix 

<CR) If OK, R to Redo, .I*. QUIT 
entar a s.rri.9. teturn to acc. t Input data 

an .R. to redo th. Input !at. 
oth.rwls. return to funstlon 

<cm> If OK, n for NEXT, .I.. to W l r i  8 )  
.nt.c a c.rr1.9. ..turn to .co.pt record fouqd 

an .N. to look for next ossurans. of .. .. pr.fl= 
other-1s. pult the ..arch and fvnctlon 

GENDAT menu and data prompts. 

the partitioning of tasks in this manner means that 
debugging is easier and utility will be greater. I strongly 
suggest that you retain this design for your own revi- 
sions. 

les Menus 
Some of the original PATHFINDER users asked me 

to explain the menu functions. In fig. 6 you'll find a dis- 
play of each of the menu prompts, along with a brief 
explanation of the function of each selection. A sum- 
mary of the data prompts PATHFINDER uses is given 
in fig. 7 along with a description of what each means 
and, where significant, the data type expected. In fig. 
8, you'll find the messages and a description of their 
meanings. Figures 9 and 10 give the menu functions, 
data prompts and messages for GENDAT. I'll be glad to 
answer all requestsfor more information accompanied 
by an SASE. 

One other shortcoming of PATH FINDER, alluded to 
briefly in my original article, is error trapping. To keep the 
program to a reasonably publishable size, error trapping 
on most inputs has been minimized. This may generate 
some problems upon entering polar coordinatesfor one 
or both of the path end points. The solution in this case 
is to limit all latitudes to a magnitude of 89.99; this will 
be sufficiently close (0.69 miles from a pole) for most 
applications. In most instances, the likelihood of divide 
by zero and out-of-range errors have been minimized 
through the use of suitable decision gates in the 
algorithms. If you do find situations that generate errors 
not trapped by the code, please forward these to me. I'll 

GENDAT messages. 

be glad to report them along with suggested code revi- 
sions. If there's sufficient interest, I might be talked into 
organizing a PATHFINDER user's group dedicated to 
maintaining and supporting the program. 

Watch your language 
All listings in this article are presented in Microsoft 

Extended Basic-800, for a CP/Mm operating system. 
This isa powerful and rather universal programming lan- 
guage, but it may have some features and syntax not 
shared with other BASIC dialects. Some of the con- 
structs and statements which might not be included or 
may work differently in your BASIC are the DIM, 
DEFINT, ELSE, RESTORE, and ON GOTO/GOSUB. 
Your printer and disk access functions may require 
different approaches, but in general can be easily con- 
verted. 

Several dialects of BASIC do not implement the ELSE 
clause for an IFITHEN construct; in that case you should 
place the statements executed by the ELSE condition on 
an intermediate line and then replace the ELSE with a 
GOT0 branch past the intermediate line which contains 
the operations called for by the ELSE in this program. I 
normally increase the line number of the intermediate 
line by 5from the source line when this is necessary. In 
summarizing conversions, it's best to keep your BASIC 
manual handy and refer to it whenever you have a ques- 
tion. 

Thisversion of PATHFINDER has been submitted to 
the ARRL Program Exchange. I would appreciate any 
suggestions you have for upgrades and further exten- 
sions to the program. 

Thanks to all who have helped make PATHFINDER 
a viable reality by offering their comments and critiques. 

For more updates to PATHFINDER see page 58. Ed. 
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lpdates to PATHFINDER 
Answers ro some common ques- 
ti PATHFIND .ate the 

311 as mak 
cements 

lncorpot following changes into your pru- 

gram as wc cing the changes noted in the grey- 
line enhan in fig.2 of PATHFINDER-Part 2. 

I 'M!CROSOFT BASIC , Release 1.15, 
'12/88 
140 IF K91 
+EN m 
120 M9 = M9): IK = INT(GIIPS)+ 1: 
= 1 /(2*IK 
These revtstons WIII correct some PATHFINDER 
oblems. Here is roof simulation which, if 
rerything matches .O MHz, will demonstrate 

correct function. 
Date is: Dec 21 
Solar flux = 150.0 
9 m e  QTH: Lat = -,,., - ,. 

lrget QTH: Lat = 80.0 Lc 
~ t h  bearing = 0 degrees 

. ~ t h  length = 12920 miles 

version 

!I00 ELSl 

!ger divi- 
ndex for 
support 
. . .  

Line 1200: The back slash "\" is the inte 
sion operator. It is used to assure an integer i 
the array MOUTO. If your language does not 
this feature then force the result of a normal division 
via the INT function: MOUT(INT(AOI10)) = 

Line 3420: This is recursive code, not ar 
loop. The line serves to force all computed longltuaes 
in nge - 180< =LON < = 180 . If the LON is 
01 e range, then 360 degrees (PI) is added or 
su~rracred and the test repeated. When the LON is 
in range, execution passes on to line 3430. 

Lines 8300 and 8320: These lines were re1 
in the text of the article and several have fobl ,U ll 

8320 does not exist in the listing, while 8300 is actu- 
ally the start of the SSN input routine. This mixup is 
in the article text and not in the listing. The text should 
refer to lines 8400 and 8420 respectively. 

Lines 300, 1040, 1160, and 1170: The STE, 
on the FOR loops is a way of controlling both tne Incre- 
ment value and the maximum iterations of the loop. 
The test and increment values for the loop control vari- 
able are set uo to orovide two MUF values oer output 
l ir 

3 THEN 2 

J9. 
I infinite .. . 

t o  the ra 
utside th, 
LA...-.. 

a new PI 
: within 1 

ferenced 
,...A *I.̂ * 

ING PA' 
IMT MU ..." -- 

rH 
F GMT - ".." 

P option . . MUF I .-..- . ;MT MUF GMT MUF 

7 
29th ANNUAL 

TROPICAL HAMBOREE , 

A.R.R.L. FLORIDA STATE CONVENTION 
FEBRUARY 4-5,1989 
TAMlAMl PARK FAIR GROUNDS 

10901 S.W. 24th Street (Coral Way), Miami, Florida 
HOURS: 9 A.M.-5 P.M. SATURDAY 9 A.M.-4 P.M. SUNDAY 

FREE PARKING 15,000 VEHICLES 200 COMMERCIAL EXHIBIT BOOTHS 
1,000 INDOOR SWAP TABLES COMPUTERS & SOFTWARE 

300 CAMPSITES WITH FULL HOOKUPS LICENSE EXAMS 

Registration: 55.00 Advance - 56.00 Door. Valid Both Days. (Advance deadline January 30th.) 
Swap Tables, 2 Days: 516.00 each. Power: 510.00 per User. 

All swap table holders must have registration ticket. 
Campsites: S12.00 per Day Includes Water, Power, Sanitary Hookups & Showers. 
(All RV vehicles, tent campers, vans, trallers welcome - no ground tents, please.) 

Make Checks for Registration, Swap Tables & Campsites Payable to: 
Dade Radio Club & Mail As  Follows: 

Tickets & Hotel Info Only: Evelyn Gauzens, W4WYR, 2780 N.W. 3rd St., Miami, FL 33125 
Swap Tables, RV, Tickets & Hotel: John Hall, WD4SFG, 8670 S.W. 29th St., Miami, FL 33155 

RV & Tickets Only: Dick Lelsy, W400H, 650 W. 63rd Dr., Hialeah, FL 33012 
Exhibit Booth & General Info: Evelyn Gauzens (address above) or Call (305) 642-41 39 or (305) 233-0000 

(BROCHURE WITH FULL DETAILS AVAILABLE DECEMBER 1st) 
\ J 
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Virginia COM Day Super Fall Values New Hampshire 
New Store Location 

~AESU 
FT726R 

OSCAR SPECIAL 

$1 079.95 

includes 
FT726R 2m Transceiver 

MHlB8 Hand Mic 
430 UHF Module 

SU726 Duplex Unit 
UPS Brown Shipping 

FT736R 
$1 749.95 

includes 
Fr736R Transceiver 

220MHz Module 
MH 188 Hand Mic 

UPS Brown Shipping 

COnCOn&t IO*  6- 
A3 10-1520m beam ..... $248.95 
A4S 4 Element HF beam 339.95 
APE 10-80m vertical ..... 142.95 
ARX2B 2m Ringo ......... 40.95 
R4 Vertical 4 Band ...... Call 

FOR OSCAR 
AOPlOscarPack ........ 159.95 
416TB 16 ele 435MHz .. 66.50 
A14410T 10 ele 144MHz 55.95 
A14420T 20 ele 144MHz 80.50 
Al4TMB Stacking Kit . . .  27.95 

CLOSEOUT 
ALR72T 

440 MHz MOBILE 
$269.95 

Orders & Quotes Toll Free 800-444-4799 
Pdg. rre wbject to change without notiw or obllgmdln 

EGE VIRGINIA EGE NEW ENGLAND 
14803 Build America Drive, Bldg B 224 N. Broadway 
Woodbridge. Virginia 22191 Salem, New Hamshire 03079 
Information: (703) 643-1 063 

ma Ezzl 
New England (NH Included) Our 

Service Dept: (703) 494-8750 Toll Free: 800-444-0047 Lawrfim Distributors 
Fax: (703) 494-3679 Info & Service: (603) 898-3750 S ( ~ ~ ~ ~ z O n  Road 

New Fall1988 Buyerr ~ac~r f im .  Loulshna 70445 

GuideICatalog Store Hours: M - F 10-6; Sat: 10-4 Store Hours: MTuWF: 10-5 Phone: (5043 882-5355 

AvailablaSend $1 Order Hours: M - F 9-7; Sat: 10-4 Th: 12-8; Sat: 10-4 1 0 1 8 ~  

KENWOD 
TS140 

PACKAGE DEAL 

$929.95 

includes 
TS140 HF Transceiver 

Astron RS2OA Power Supply 
UPS Brown Shipping 

EGE One Year Extended 
Warranty 

TS440AT 

PACKAGE DEAL 

$1 379.95 

includes 
TS440AT HF Transceiver 

MCBO Desk Mic 
Astron RS2OA Power Supply 

UPS Brown Shipping 
EGE One Year Extended 

Warranty 

lmr 
TEN-TEC 

PACKAGE DEAL 

$2245.00 
includes 

585 Paragon 
NEW 961 Power supply 

705 Desk Mic 
UPS Brown Shipping 

Saturday, November 12 

Iry-gafn 
PACKAGE 

DEALS 

SELECT THE 
TOWER, ROTOR 

AND 
TOWER 

ACCESSORIES 
GET THE 
ANTENNA 

FREE 

SAVE UP TO 
$900 

SEE THE HY-GAIN~AD FOR 
DETAILS. CALL FOR OUR 
LOW QUOTES. SOME 
RESTRICTIONS APPLY. 

+ w n g  b d  n b e i n  ~ U ~ W M  
libt prim. Spedbl good for o h  plrced 
k m i ~ b n i s ~ ~ m ~ i ~  

FmSNppingarI*m.hlpp.d 
d l d y  tm Hy-Gbin 

MFJ 
1278 TNC PACKAGE DEAL 

$239.95 
NOW WITH AMTOR 

includes 
1284 Starter Package 
UPS Brown Shipping 

g$ Kantronics 
KAM PACKAGE DEAL 

$336.95 

includes 
KAM Terminal Unit 

Kanterm PC 
UPS Brown Shipping 

o ICOM 
IC 781 

PACKAGE DEAL 

$5995.95 

includes 
ICOM 781 HF Transceiver 

UPS Brown Shipping 
Your Choice of a 
SMlO Desk Mlc 

or 
SP20 Deluxe Speaker 

NEW PRODUCTS 
Call for Quotes 

IC32AT Dual Band Handheld 
IC2GAT 2m, Wat t  Handheld 
IC4GAT 440MHz Handheld 
IC3210 Dual Band Mobile 

IC228NH 2m Mobile 25145W 

fkoncept/ 
CALL FOR DISCOUNTS 

Model Band In-Out List 
2-23 2m 2-30 $1 12 
2-21 7 2m 2-170 299 
2-117 2m 10-170 299 
2-417 217-1 45170 299 
3-22 220 2-20 112 
3-221 220 2-1 10 299 

NEW 440 AMPS 
e;PEATER CONTROLLER 

Unarc0-Rohn 
BEAT THE WINTER 

CALL FOR OUR 
PACKAGE DEALS 

25G, 45G and BX Towers 
Buy the Antenna and Rotor and 

save 



Because vou never know 
whgs listening. 

The sky's no longer the limit. 
Wi t,h Yaesu's new FT-'i3(iU 

WFIUHF base station, you'll 
experience some of the best 
DX happening in ham radio. 
Via moonbounce. Popo. Aurora. 
Meteor scatter. Or ~atellit~es. 

Join thousands of VHFIUHF 
pioneers already scanning the 
cosmos with their FT-736Rs.The 
most complete, feature-packed 
ngs ever desgned for the serious 
operator. 

Versatile frequency 
coverage. The FT-736R comes 
factory (quipped for 2 met,ers 
and 70 cm (430-450 MHz), 
with two additional slots for 
optional 50 MHz, 220 MHz, or 
1.2 GHz modules. 

Multimode facilities. 
Even FT-iSGU is equipped for 
LSB, USB, Cw and FM opera- 
tion. Widelnamw filters for both 

Fhl and C11 are fdctnry installed 
-not expensive opt,ions.There's 
even all-mode squelch, too! 

Satellite ready. A truly 
turn-key satellite rig, the 
FT-736R includes crossband 
full duplex capabilib PlusVFO 
tracking for one knob tuning 
on both normal and inverted 
transponders. And with the 
optional 1.2 GHz module 
installed, you're QRVon Modes 
R, J, L, and J L .  With, one box 

Exceptional receiver 
design. The FT-7J6R was 
desiglted with low noise figure 
and careful gain di~t~ribution, 

for industry-leading sensitivity 
for weak signal work. And in 
.addition to the ~ i d e l n a m w  
CW and FM filter selection, you 
get IF shift. An IF notch filter. 
Noise blanker. Audio tone shap- 
ing control. Three-position AGC 
selector. And a preamp switch 
for activating your tower-mount 
RX preamplifier. 

Operate Fast-Scan TV! 
Install the optional Ti-$36 and 
1.2 GHz modules, and you're 
ready to operate fast-scan 
double-sideband W with FM 
audio subcarrier. Rlack-and- 
white or color! 

Contester's dream! Versa- 
tility is a must in L'HF contests, 
as openings are brief. For quick 
activity checks, use the separate 
"channel" selector for a speedy 
trip up the band in selectable 
steps (SSB or FM!). Use the two 

o eamcraana monitor nnt avatranrr rmm Yaesu ann not sunorled with 



Seriously 

VFOs per band to watch 
different areas of the 
band. Keep your sked fre- 
quencies stored in any of 
the 100 memories, which 
retain frequency and 
mode. And let the RF speech 
processor get you through tough 
pile ups. 

Ready for computer con- 
trol. The FT-736R is equipped 

for CAI' (Com- 
puter Aided lbn- 
ing) control via 
the rear panel 

4800 baud serial 
data port (our 
command set is 

complete frequency control and 
satellitel EME antenna track- 
ing using our new G-5400B or 
G-5600R AZ-EL rotators. 

Your total communica- 
tions package. The FT-736R 
delivers 25 watts RF output on 
2 meters, 220 MHz and 70 cm. 
And 10 watts on 6 meters and 
1.2 GHz. Witth separate linear 
amplifier relay control lines for 
each band. 

station, choose from 
these popular accessories: 
Iambic keyer module. 
FTS-8 CTCSS unit. FVS-1 

voice synthesizer. FMP-1 AQS 
message display. E-736 DC cable. 
MD-1R8 desk micro- 

I I. today. But - 
first make plenty of room for 
exotic QSL cards. Because the 
ultimate DX is out there. And 

included in your owner's man- And to round out your you neum know who's listening. 
ual). Create your own software FT-736R 

, &mi tos; ( 



CALL FOR ORDERS 
1 (800) 231-3057 
1-713-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1-71 3-771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 
New Icc,~, I( -8'  Trades wanted 
Kenwood THZI  5A TH25AT Trade ~n your old HT 
New Kenwood TM 621A 1 4 E M H z  FM Call 

1com I im 00 
Shure 414D 56 95 
HElL BhnlO BoornMshe wired Upin 69 W 
HElL HM5 Dcsh Mlhc 59 W 
Cushcrah 124 WB(146MHz) 39 W 
Bunernul HF6V 80 I 0  veflcd 12500 
Ht~~l ler G7 144 129W .. - 
Lacsen 2 meler on glass 49 95 
Anteco 2M 518. Mag Mounl ComP 25W 
Van Gordon GSRV 44 W 
Valor AB5 mobile 79 00 
Thousnds 01 p a d  melefs 3 95 up CALL 
Aerovox 1000 pllMO V leedlhrough Caw 195 
Transformer l2UV Prl . lOMVIlA (SeC Hl8Wcre) 5000 
1 M  rntAl44flV Axal Can 2 20 -- - -- 
ln, mwrsov A X , ~  Cap 3 w  
Arlcta SWR Brldoe3 30 19 95 
m l s P  P~259S~lvefplate(Am~enol) 1 M 
82 61 N Male (Amphenol) 3 M 
82 202 lW6nMale(9913) 3 53 
Double Female UHF 100 
11G176 RGUX each 40 .- ~ -~ 

Rohn SA 25G67167 ms8dearm) . . . . . .. each 125 W 

USED EQUIPMENT 
All equ~emenl used, dean wllh 90 day warranly and 30 
day lrral Scx monlhs lull lrade agalnsl new equipment Sale 
price relunded 11 no1 sallsl~ed 

Call lor latesl used gear 
(8W) 231 3057 

GNU PROD 
TE Systems 2m Amp 30 160 wans GaAs let $229 00 
POLICIES 
Mm~murnordwIlO 00 Maslercard VISA WCO D Allplcff 
FOBHa~non e x m a s m w  Prms~bpnloCn~ngewflNhlI 
mce 1.~mssubentoporu1e Cal any1 rnelocm*lneslalw 
01 y0.1 O'del Trxasrestarnlsaao sa ez lax A1 lems IL lac 

our WOI 
sales n 

This 2411-1 laboratorylportable. compact, dual function digital frequency 
munterlwanmeter makes frequency and power readings easy. 
The optional battery pack converts Model 7510 to a portable field sewi 
instrument. The frequency counter measuring range is 10 Hz to 1.25 GI 
The wanmeter power measuring range is 100 mW to 5 kW over 2 to 
1,000 MHz, determined by standard elements ordered se~aratek 
Contact us for your nearest 
autharized Coaxial Dynamic 
representative or 

15210 Indudrial Parkwey 
Cleveland, Ohio 44135 
218-267-2233 1400-COAXIAL 
Telex: 9E0630 

Service and Dependability.. .A Part of Every M u c t  

ce 
Hz. 

A f f d a b k  Packet 

/&)' ~ ~ ~ f ~ f r f r , r  11 IXC' thnt k Nhout /I?(' .size 
BENEFITS and featrtres of fhotlr rrnits: ,!f . lv)l lr  ~ / T ; I  lttl.s y5, i l l  Optional Personal Message System 

(mini-RRSl ... Add S1O.W lloll, Nt ( I  1011'  

.. " 
l(11ic c,11,111gl?,fi1r L V ~ . ~ I ~  c~.vj>~,ri~~?c,~ltil- RO,<f ~ t j~ i ) , 4 f . s ,  
~ ~ ( J I I  o r  rcy)(lir 32K RAM. .<2K ROM. 4.9 mHz CP(I. 
- 1  1i111itc a a t  e e l l e n t  El Stcrl co~~t~nllc.ri moricm, compcrtihle 
ctrstomer srr/~port. rcv'tb rt.sr on IOnr IlWl'HF/IIHE 

El R.S-2.V ant1 7'TI. con~p~itihle-crll TO ORDER, to1I7free 11filh m~i jo r  
con~lectots srl/,l,lied dfuvc ccfr~l. call: 1-800-22 3-3 511 
Irrtc,.st ,lS.25 sc!l)tt~trre. 7rch?ricc11 .vrdp/>f~rt line: 
7C,'l'/IP (K1.S.S) Pac-Comm XI.3-8-~1-29XO 
~nocltrlc inc'lrtrlc~d. 

- - ' W  " 7  

3652 lY@.<l CvDff~.ss St . .  Trtnrnrr I.% .<.j607 

-- -- ~. -- 

..t,ldn,ss 1 ill' 
- -- -- 

\rob Z@ trdnl .Y#ataher F.vp lluri 
Money RackGuarantee. Add 5.1. sbippinp/hnfldlingperorde~ /:I. :~.cldrussesuddll%. 
M(8j0r (:redit Crrrrl: give ntrmher: e.vprratron ~~idsig?i(tt~(ru. EU':  81.3-8-2-8606 

- ~ 
- .  ..- , - .. . e 



EFFICIENTLY LAUNCH 

By Hal Silverman, W3HWC, 14004 Prospect nents of coax to make an impedance transformer that 
Avenue, Mt. Airy Maryland 2177l will serve for any frequency within that Amateur band. 

For example, if you havea helix antenna and a length 
of 50-ohm coax cable, the input impedance of the helix 

Simple geometry is approximately 140 ohms. The mismatch that would 
accompany a direct connection would cancel out the 

determines antenna's gain. i f  you choose to use a quarter- 
wavelength coaxial transformer for matching, it would 

impedance match device need a characteristic impedance of: 

T he Amateur bands below 30 MHz are becom- 
ing crowded; consequently, many operators are 
moving to the VHFIUHF spectrum. 

With higher frequencies come shorterwavelengths, 
distributed components, and shorter antennas. Shorter 
wavelengths allow for easier impedance matching 
between the transmission line and the antenna, or 
between two transmission linesof different impedances. 

In the mid-fifties an article about a device called a G- 
line appeared in Radio and Television News. It consisted 
of a single hard-wire line with launchers to match 
impedances at each end. The G-line never became very 
popular, but the launcher has some nice qualities at 
higher frequencies. It looks like a funnel and works on 
the same principle as coaxial cable. 

The impedance of coax is found by the ratio of the cen- 
ter conductor diameter to the inside diameter of the 
shield, using the following formula that disregards the 
dielectric: 
Z = 138 Log (D21D1) (1 1 
Where 02 is the inside diameter of the shield and D l  is 
the outside diameter of the center conductor. 

By changing the ratio of D l  to 02 you change the 
impedance of the transmission line. If the transmission 
line impedance changes gradually, say over a quarter 
wavelength, the transition won't create a standing wave 
sufficient to cause appreciable loss. In short, you can 
match two impedances with minimum loss. This same 
concept is used in the G-line launcher. 

The wavelength at 450 MHz is 66.66 cm, just 2/3 of 
a meter. A quarterwave length isonly 16cm. Thisshort 
wavelength allows you to use the distributed compo- 

t = d E i i z )  
= m) 
= 83.66 ohms 

which is not a standard value. By using a launcher, you 
can effect a more efficient match between the cable and 
the helix. 

The launcher dimensions include the input diameter, 
output diameter, and length. The length is not critical - 
but it should be longer than a quarter wavelength at the 
lowest frequency of operation. The two diameters are 
a function of the impedances. 

The input diameter, for a 50-ohm cable is found asfol- 
lows: 
Zi, = 138 Log (D21D1) 
Let D l  = 1 
Then 50 = 138 Log 02 
2.303 = D2 
The narrow end of the cone is2-1 13 times larger than the 
wire of the helix antenna or the center conductor of the 
cable. 

The output diameter of the cone for a 140-ohm 
antenna is as follows: 
ZOut = 138 Log (D3/D1) 
Let D l  = 1 
Then 140 = 138 Log 03 
10.33 = 03 
The wide end of the cone is 10-1 13 times the wire of the 
helix antenna or the center conductor of the cable. 

Use the information above to construct the launcher. 
First draw a template as shown in fig. 1. I used No. 12 
AWG wire (diameter = 0.08081 inches) for D l .  Cut 
along the curved lines and roll it onto itself to form the 
cone. If you have a compass with a 9-inch span, scribe 
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-MHz roll-your-own launcher template. 

rrYPL, TC 
2 ! C H I  
10-1401) 
LAUNCHER 

L - I  406 

CI .0  I84 
Ct.25 

CUT ALONG ARC M A E  8" COMPASS 

Template for 2.1 GHz 60-140 launcher. Cut along arc made by 
compass. 

RELY ON JAN 
FOR 3-WAY HELP: 
1. TECHNICALLY 

CORRECT CRYSTALS 
TO YOUR SPECS. 

2. QUICK TURNAROUND 
WITH HUGE 
INVENTORY, PROMPT 
SERVICE, AND OUR 
EMERGENCY ORDER 
PLAN. 

3. LOW PRICES e 139 

QUARTZ CRYSTALS FOR 
TWO-WAY - HDUSTRY 
MARINE - AMATEURS 

SCANNERS - CBS 
MICROPROCESSORS 1 

K)R FREE CATALOG. 
C A U  OR WRITE: 

JAN CRYSTALS 
PO. BOX 06017 

H)RT MYERS fX 33906 

(813) 936-2397 %Fm - 
TOLL-FREE: 1-800-237-3063 

M FLORIDA: 1-800.226-XTAL \ FAX ORDERS: 1-813-936-3750 

Helix antenna with launcher. 

bothendsasldid in the2.1-GHzversioninfig.2. l twil l 
give the cone sides of equal length. 

Purists will argue that the cone should be logarithmic 
like an old automobile horn. But you're working at the 
narrow end of the horn, and at that point the lines are 
almost straight. 

One additional thing: if you're building a helix, the 
launcher diameter must be smaller than the helix 
diameter or the ground plane will fail. Figure 3 shows 
the helix with launcher attached to the ground plane. 

To testtheidea, I builta helixantennafor2.1 GHzand 
attached the launcher at the feedpoint. Return loss 
measurements of 18 dB indicate the antenna system 
works well. 
Article F HAM RADIO 

High quality audio . Privacy earphone jack 
Rotatable lapel clip . Hi-Lo volume switch 

ICOM DMC 1371 
k r n r d  DMc 517K SUPER VALUE 

P T T  handset . backlit DTMF . Private lirtening 
Wired for nmrt current ICOM. Kenwood. Yaesu 

& others (on special requert )  

ICOM HCZIOII. Lmwood l l < J l O l  h. Ylrru llrS701 Y 
*vallnble for many ather ndlo. 18 slnghtlr hlghrr ~riccr 

troductory price $79.95 

I f  posslble e l  ua know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magaz~ne arrlves on 
schedule Just remove the rnalllng label 
from th~s magazlne and af f~x below 
Then complete your new address (or any 
other correct~ons) In the space prov~ded 
and we'll take care of the rest 

ham Allow 4-6 weeks for 

Maoazlne 
~reenvtlie. NH 03048 

Thanks lor helping us to senre you better. 

I I I I I  

I I 
0)  

I AFFIX 

"1 I LABEL 



WEEKENDER 

A CODE PRACTICE 
OSCILLATOR 
Many code practice circuits have been published. 
Most will do an acceptable job, but tend to  have a very 
rough " b u n  saw" tone. They don't sound anything 
like a CW signal received off the air. This code prac- 
tice oscillator has a pure sine wave 800-Hz note. It's 
a joy to  use. 

Circuit details 
To obtain a pure tone, I used an audio oscillator that 

generates a sine wave with low distortion. In the 
circuit1 in fig. 1, an incandescent lamp-type 327, 28 
volts at 40mA controls the feedback to  the inverting 
input of a 741 operational amplifier. It regulates the 
signal amplitude to  5 volts peak-to-peak. The lamp 
glows brighter if the amplitude rises, increasing its 

A code practice oscillator. 

resistance. The voltage divider consists of the 220-ohm 
feedback resistor (R1) and lamp. It feeds back a higher 
proportion of the signal to the inverting input decreas- 
ing the closed loop gain. The amplitude decreases and 
is regulated. In normal operation the lamp's light will 
be invisible. Active devices in the op-amp are oper- 
ated in the linear region yielding' a single-tone sine 
wave. 

Other audio am~li f ier circuits drive into saturation 
to  regulate the amplitude. This causes the sine wave 
to  be "squared off", generating distortion. Circuits 
using the 555 timer IC produce true square waves and 
have particularly raspy tones. 

Oscillation frequency is controlled by the dual RC 
network in the noninverting feedback loop. Two 15k 
resistors and capacitors (Cl), made up of three 4700 
pF and one 680 pF disc ceramic capacitor, set an 800- 
Hz tone. These values can be changed to suit your 
preference. The resistors and capacitor don't have 
to  be matched. 

Keying the circuit in fig. 1 through the power leads 
is not recommended. A chirp would be produced as 
the lamp comes up to  temperature. Let the oscillator 

I I run continuously and key its output signal with the 
Oscillator circuit. electronic attenuator, IC2 (Motorola part MC3340P - 

also available as ECG829), in fig. 2. A key in the gain 
By John Pivnichny, N2DCH, 3824 Pem- control input does a nice job. Shaping is controlled 
brooke Lane, Vestal, New York 13850 by the 4k and 0.2 pF RC time constant; during key up 
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PHONE 

--lm 

Keying circuit and power amplifier. 

Construction 
All comoonents are mounted on a 1-314" x 3" 

I I 1 I piece of perfboard. The lamp is mounted with a sin- 

I 

cover. 

this part provides 60-80 dB attenuation. This may not 
be enough to completely eliminate a backwave sig- 
nal. A feed-forward path using a 0.01 pF capacitor, 
1 meg resistor, and a 470k resistor in series cancels 
any residual backwave signal. Note that the signal 
going through IC2 is inverted while the feed-forward 
signal is not; the two cancel out during key up. Dur- 
ing key down IC2 provides 13-dB gain and can accept 
a maximum of 0.5 volt peak-to-peak signal at its input 
(pin 1). The resistive voltage divider at its input 
decreases the oscillator amplitude to an acceptable 
level. 

Power amplifier IC3 is a conventional 386 circ~it.~." 
There is enough power gain to drive headphones or 
a small speaker. Figure 2 shows the keyer and audio 
amplifier circuits. Two 9-volt transistor radio batter- 
ies supply power. The positive supply is decoupled at 
each IC. (This may be unnecessary as all circuits are 
very stable.) 

gle fuse clip connecting it to the outside of the base, 
and a No. 30 gauge wire is soldered to the base cen- 
ter contact. The two batteries are held in place with 
spring clips fastened to the bottom of the enclosure 
with 4-40 x 114" machine screws. All other compo- 
nents are attached to the circuit board by their leads. 
I used insulated No. 30 gauge wire for the intercon- 
nections. 

The box is 4" x 2-114" x 6"with a gray finish and 
black plastic side panels. A 3" diameter speaker is 
fastened to the top cover. Seven 114" holes, drilled 
as shown in fig. 3, form a speaker grill. There are also 
four 1/16" holes for speaker mounting machine 
screws. The front panel holds two 114" phone jacks 
for the key and earphone plugs, a DPST power switch, 
and the volume control. Dry transfer lettering with a 
protective coat of clear shellac completes the job. See 
the photograph for details. 

Operation 
Keying is done with a hand key, keyer, or semi- 

automatic bug. The built-in speaker and batteries make 
this oscillator compact, easy to use, and portable. Why 
not build one up for your next project? 

References 
1. Tom Schuln, "Audio Oscillator," OST, "Hints and Kinks." November 
1974, page 43. 
2. Rick L i i i e l d ,  KIBQT. "Construct an Audio Amplifier ...," QST, April 
1983, pages B31. 
3. J. Rusgrove, "A General Purpose Audio Amplifier," QST, November 1976, 
page 32. 
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The NEW Generation of T.T.& T. Hand Held Transceivers -vp&yj$ 
From Alinco Are Just Around the Corner! 
Introducing The DJ-10012 Meter Hand Held Transceiver 
*.Tiny = 1-3/16" D x 2-3/8" W x 6-5/8" H 

Tough = 6.5 Watts (With Optional EBP-8NAZ Nicd Battery Pack) 

Terrific = Features and Benefits 

LCD with Switchable Backlighting 

10 Memories 

BNC Antenna Connection 

16 Button DTMF Pad 

Easily Accessible Dip Switches For Encoding 
Sub kudible Tones 

Battery Save Draws 15mA For Extended 
Battery Life 

v 1 .20uV Sensitivity 

144.00 MHz to 147.995 MHz 

CAP and MARS Modifiable - Simplex only 

Standard Battery, EBP-9NAZ 
Has DC/DC Converter Built In 

Stores Standard Repeater Offsets In Memory 

Full Range of Accessories 

220 MHz and 440 MHz To Follow Shortly 

(Optional EBP-2NAZ Ni-Cd battery) 
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Alinco's products are carried by these fine dealers 
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No other repeaters or controllers match 
Create messages just by talking. Speak any phrases or 

Mark in capability and features. ~h~~~~ words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and cmnmercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message Masterru real speech 0 voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 

MICRO CONTROL SPECIALTI 
Division of Kendecom Inc. TELEX 4932256 Kendecom 

23 Elm Park, Groveland, MA 01834 (508) 372-3442 FAX 506-373-7304 

, >,,# I "<I,,. I , . , .  t i , , !>,IO,3~, , ,  1 L,,,,>Ic~xWI. 

w,tr, Ou, f'.ll"!llr.tl 

6, 6, CIRCUIT'" FILTERS 
T T -7 I 

I 
Models avaolabla lor 
all cammerc~al and 
ham bends wllhm the 
hequency range of 30 
10 960 MHz 

tg WACOM I 
PRODUCTS. INC. 

I - P.O. BOX 21145 I 
WACO. TEXAS 76702.81718484435 
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THE LAST AMPLIFIER 
YOU 

WILL EVER NEED! 
7MHz - 1300 MHz 

!T 
ci  -F Dt e 

ONE AMPLIFIER MANY 
APPLICATIONS: 

Rece~v~ng-Ultra hlgh 
dynamlc range-Low noise. 
Transm~tt~ng-Drlver 
or flnal ..l watt 
hear output 

Galn 15dB f 1dB 
IP3 + 44dBrn 
IP2 + 73dBrn 
N F HF-UHF 4 5dB (typ) 
1dB Cornp + 30dBrn 
connectors BNC 

PRICE $199 f l  146 
M d  $4 w a l p  USA 

CA A a  .M 6% 

ADVANCED MlLLlWAVE 
LABORATORIES, INC. 

620 HAMPSHIRE RO.. A3 
WESTLAKE VILLAGE. CALIFORNIA 91381 

TEL (005) 495-7050 

The entire back issue file of Ham 
Radio Magazine and Ham Radio 
Horizons IS now available on easy 
to read, microfiche. The entire set 
(March 1968 thru December 1987. 
and March 1977 thru December 
1980, respectively), is now avail- 
able in one, easy to use format! 
Everything from front to back 
cover (ads too). Annual updates 
will be offered for $10. 

Ham Radio - $1 50.00 
HR Horizons - $35.00 
($5 shipping per order. USA) 

Your satisfaction guaranteed, or 
money back. 

Send or caN order to: 

Buckmaster Publishing 
Post Office Box Ten 

Mineral, Virginia 231 17 
(800) 282-5628 
(703) 894-5777 

VlSAlMC accepted 



WEATHER STATION 
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ClE Cleveland Instltuee 
of Electronics 
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h s d t a  Urnba Nalm.1 Hrme S W  C a n c l  
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R9100 SUPER ROTATOR 
The Advanced Radio Devices (ARD) R9100 is the heavy duty antenna rotator designed for the big gun with antenna loads to one 
ton. A11 components are designed and selected for durability and long life, a quallty often over looked. 

The cohtrol system provides both analog and digital readout of direction to within f 1 degree. Provisions for external computer control 
which allowa rotor positioning by the mere keyboard entry of a target countryb prefix. Software is provided for uae with most 
popular computers. 

Thia quality rotor is the most capable and powerful unit designed for the amateur market today. You can pay more and get less. 
4*& 

' P I  
SPECIFICATIONS 

&-% Rotating torque: 10,000 inch lba 
6 e "  Braking torque: 24,000 inch Iba 

Vertrcal load: 2000 Ibs. 
Mast smes: 2.0 to 3.5 inch O.D. 
Motor: 113 HP - Rotation speed: 1 RPM 
Welght: 230 Ibs. 
Slze 14.9x25xlS.l inches (wlh) 

Write for complete specs and 
installation information 

Distributed Exclusively by EEB 

Orders: 800-368-3270 Local & tech info 
703-938-3350 

EEB Electronic Equipment Bank - 51 6H Mill St. NE, Vienna, VA 221 80 H 150 

(just minutes from Washington, DC) 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-lo-Noise Voter . Erpmd~t~ii ,  118 U 1:11,11r>i.l Ily .III,,I A~I~ I~ INI  l.d!d< . Cn!~t~nunm Vlrl~tlo 

LED lndtcalors nl COR and Volrd Ssqnalr 
B u ~ l l ~ n  Callbrator 
Remote Vnted 18ld1calorr PII~IIP~ Out 
4 ' )  z 6 Oouhle Sded Gold Platen 44 PI!] Card 

Rrmole D 8 ~ h l r  lnnttlr 
MORE 

Built, tested and calibrated with manual 
$350.00 

Telephone ~nlerlace now available 
For more lnlormallon call or wrlle 

DOUG HALL ELECTRONICS 
Voter Department 

815 E .  Hudson Str~et 
Columbus, Ohio 43211 

(614) 261-8871 

NEMAL ELECTRONICS --B== 

Wompkte Cabk Assemb facilitks MILSl'D-45208 
*Commercial Accounts we 'Lo me- Qumntily pricing Same day shipping mod orden 
*Factory authorized distributor for Alpha, Amphenol, Bcldcn, Kings, T i s  Fibcr 

Call NEMAL tor compuler cable, CATV cabk, Flat cabk, semi-rigid cabk, telephone mbk. 
crimping tools, D-sub connectors, heat shrink, cabk tics, high voltnp connectors 

v 151 
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HARDLINE 50 O H M  
FXII 12 l / r  A k n J ~ t  Black Jlo*( ........................ .89nt 
FLC12 l ,7 Cab!mwm cm. coppr Mr yd ...... 1.69m 
FLC7.9 7 p  ClDlmna con.- W. yd ........ 3 . 9 m  
N M l S  N c a n  117 fan mppr m/l ............ 25.00 
NM78CC N c a n  7 p  cw coppa m/l ............ 54.00 

COAXIAL CABLES (POI t?j 
l l m  BEUYN 8813 wry low icu .......................... .52 
1102 mp 05% M low icu faun l f p  ........ .36 .. ......................... 111ORiXX 96%.hleM(mlrJq - .17 
1133 f f i 2 1 3 p  95% Wd dl OQ NCV pt ........ .39 
1740 f f i 2 1 4 p  dbl d k r  .Nd d OQ ...........-. ". 1.85 
1705 ffi142B/V dtf tHr*. Shld. Won h ........... 1.50 
1310 ffi~vp 50 d m  xw w dtf . ~ d  ......... .98 
1 4 Y J f f i 1 7 4 p 5 0 d m  . l W o d d l a p o c  .......... .14 

ROTOR C A B L M  CONDUCTOR ......................... 851812 2.7- nd enga " ......... .21 
8 5 r m  2.1ega nd 6109. .................................... .39 

CONNECTORSMADE I N  USA 
NE720 Typs N plug kw Bsldn OBI3 ...................... tS.96 
NE723 Typs N I r k  kn BBeMen 0819 .......................... 405 .......................... -58 ahndd U M  phq fw %211 85 
F725MU Anphral PUS .............................................. 88 
WSlS -58 ( s h  hu/dkr p l d d  ...................... 1.59 
PV581\M Anphral (bmViJ .................. 165 
ffi 175/V0 178 m d m  kv m59p (wadtyb ............... 22 
f f i2 laS N plug fw fG421J214 Siha ...................... 935 
UG838 N I r k  b PL158 .dm, I s h  .....-............. a50 
ffi1484 SO238 b Npkrg .dw, (sllon ................. 6 5 0  
ffi25.5 50238 to BNC plvg .dm AnpmoL ........ 9 2 8  
S 0 2 W  UHF Ch.bJr mr r n ~ ~  .- ......... 88 

GROUND STRAPGROUND WlRE (per n.) 
............................... GS38 3 / B l l m d  coppa ldd .4O 

a 1 2  l ,7  Ll'med coppr ldd ................................ .50 
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HF WORLD 

IMD and splatter 
Interference has always been one 
of the greatest impediments to com- 
munications, regardless of frequency. 
If an Amateur with a strong signal 
transmits right on a frequency where 
a weak signal is present, there is vir- 
tually no way you can copy the weaker 
signal unless the stronger station stops 
transmitting. 

But, interference isn't confined to 
the simple case described above. 
Often there are other circumstances 
like IMD (intermodulation distortion) 
- often referred to as splatter on SSB. 
The latter may be transmitted, or 
locally generated in the receiver. 

This month I'll review the subject of 
IMDIsplatter, answer some of the 
most often asked questions, and dis- 
cuss some recommendations and test 
methods. 

CW transmission 
Using CW provides a partial solution 

to the interference problem. Even if 
two signals are on exactly the same 
frequency, you can achieve partial 
copy of the weak signal when the 
strong signal is "key up." Also, if a 
weak signal is on a slightly different 
frequency from a strong one (perhaps 
as little as 1.0 kHz away), and the 
strong signal is not blocking your 
receiver, you may be able to separate 

the signals if you have a good narrow- 
band i-f filter (typically 500-Hz band- 
width) in your receiver. 

There is a very basic reason why CW 
signals can be so easily separated. A 
good clean CW signal occupies very 
little bandwidth - less than 500 Hz, 
as shown in fig. 1A. This is only true 
if the oscillator in the transmitter is very 
stable and doesn't have any "phase 
noise." 

Phase noise is a form of frequency 
modulation that is often superimposed 
on the carrier frequency. As a result, 
a transmitted signal is broadened or 
spread out in frequency (see fig. IB) .  
This phenomenon is particularly evi- 
dent in the modern-day synthesized 
transceivers. I often refer to phase 
noise as the "aurora" affect. If you 
tune a few kilohertz off the carrier of 
a CW signal with phase noise, it 
sounds like keyed white noise which 
is similar to the signal returning from 
the auroral reflection. 

Further complicating this phenome- 
non is that the local oscillator in your 
receiver may also have phase noise, 
exacerbating the problem. It will be 
difficult, if not impossible, to deter- 
mine whether the transmitter or the 
receiver, or both, are the culprits! For 
those who want more information on 
this communications bugaboo, I'd 
recommend reading reference 1. 

, SSB transmission 
As if the problems of CW transmis- 

sion weren't bad enough, enter an 
SSB transmitter and you have a whole 
new ballgame. By nature an SSB sig- 
nal has a broad bandwidth, typically 2- 
3 kHz at the half-power point, when 
carrying voice intelligence. 

In the good old days, SSB signals 
were generated by the phasing 
method because it was low cost and 
had good fidelity. Phasing exciters 
characteristically have wider band- 
width because the filtering and phas- 
ing required is more complex. 

Most modern exciters generate SSB 
by the rf-filtering method which 
employs well-controlled crystal band- 
pass filters. However, even these filters 
are seldom specified over more than a 
40-dB range. 

The local VHFIUHFers can tell 
when I alternate between my phasing 
and filter SSB exciters. The phasing 
exciter has good audio fidelity, but the 
IMD outside the passband is at a 
higher level. The filter exciter has 
poorer audio fidelity, but outside the 
passband IMD drops off at a faster 
rate. 

What most Amateurs tend to forget 
is that SSB signals, by their vev  
nature, have "controlled" IMD. 
Amateur SSB exciters and power 
amplifiers are often specified to have 
a typical IMD specification - 26-30 dB 
at a specific PEP output level. This 
means that the third order IMD prod- 
ucts (the ones generated closest to the 
desired signal but outside the 2.5-3 
kHz passband), are only 26-30 dB 
below the peak power level specified. 
Higher order sidebands are also 
present, but usually at a lower level. 

Figure 1C puts all this in perspec- 
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What about the higher order side- 
bands? The 5th, 7th, and 9th order 
IMD products are still only down 48- 
60 dB. They will be very noticeable on 
a strong local station which is typically 
60-80 dB out of the noise! 

To the average HFer, these 
problems may be an annoyance. With 
heavy interference, local noise, and 
intermittent operation (like a "DX 
pileup") you can learn to "live with it." 
However, to the VHFJUHFer who 
often listens on a relatively quiet band 
over a limited frequency range, IMD 
can be difficult to tolerate. 
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SSB splatter 
So far I've been talking about the 

idealized transmitter case. What's it 
like when the IMD levels of an SSB 
transmitter are at Amateur specifica- 
tions? Worse yet, what happens when 
an Amateur is trying to "eek out" the 
last bit of transmitted power by shout- 
ing into the microphone or turning the 
gain control up too high? 

Figure 1 D shows one possible spec- 
trum display. This is a typical Amateur 
transmitter output spectrum at rated 
power output. Note that the 3rd order 
IMD products are only 26-dB below 
the peak power level. Furthermore, the 
9th order products are 46-dB down, 
14-dB worse than the commercial 
transmitter! Remember that if the 
transmitter is driven above these 
levels, the IMD will increase dramati- 
cally. 

Why is this true? The linearity of a 
transmitter is limited by the ability of 
each stage to accurately reproduce 
and amplify the input signal. Each 
stage, usually a vacuum tube or solid 
state device, has a finite output power 
level beyond which it will generate dis- 
tortion. Exceeding this level results in 
high levels of IMD and splatter. 

Transmitting devices 
Let's compare some typical trans- 

mitting devices. Vacuum tubes have 
been around a long time and maintain 
a good reputation when used as rf 
power amplifiers. RF transistors are in 
wide use, although they are often 
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(Al The output spectrum of a pure CW signal. 
(6 )  The output spectrum of a typical CW signal with phase noise. 
(C) The output spectrum of a clean SSB signal from a commercial amplifier. 
FD) A typical Amateur SSB transmitter. 

tive. It shows the typical output spec- level of rf at the 3rd order level - typi- 
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trum from a "commercial quality" 
filter-type SSB transmitter when 
modulated by two identical level audio 
tones, one near 500 and the other near 
2500 Hz (adapted from reference 2). 
Remember that this spectrum display 
is typcially 6- 70 dB better than the 
average Amateur transmitter. 

Referrina to fin. 1C. note the hiah 

2 0  

cally 36-dB down. Consequently, there 
will be rf energy outside the normal 2- 
3 kHz passband that will be only 36- 
dB below the carrier peaks, or about 
one four-thousandth of the peak 
power. Not bad if the station is only 
25-30 dB out of the noise, but very 
objectionable if it's 40-60 dB out of the 
noise. 
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This table shows some of the most popular VHFIUHF high power transmitting tubes used by 
Amateurs. The ratings are extracted from manufacturers'data sheets. See text for further expla- 
nation. r I Tubetype Dissipation Peak envelope IMD Remarks 

in watts power output specs 
Triodes 
3CX400A718874 400 590 35 
3-4002/8163 400 590 28 
3CX800A7 800 750 36 

Tetrodes 
4CX250R 17580W 250 470 23 
8930 350 350 27 Formerly DX393 
7650 600 680 31 
4-1000/8166 lo00 1540 N A IMD Estimate 

4CX150OB18660 

NA: Not available 

unfairly targeted as "splatter genera- 
tors." More on this shortly. 

Operating each stage of a transmit- 
ter in class "A" would be ideal for 
linear operation, but the power con- 
sumption would increase. The power 
dissipation of each stage would also be 
high, making the cost of the appropri- 
ate high power amplifier devices pro- 
hibitive. On the other hand, operating 
each transmitting stage in class "C" 
would raise efficiency, but distortion 
would be prohibitive. 

As a result, most vacuum tube 
amplifiers are operated in class "AB" 
with moderate idling current. Vacuum 
tubes are usually large and, if they 
can't dissipate heat easily by them- 
selves, heat dissipation can be assisted 
by a fan or blower. 

Cooling solid-state devices with their 
very small geometry is still a problem, 
but one that is improving. Large heat 
sinks and special compounds are used 
to thermally bond the devices to the 
heat sink. Also most solid-state 
devices are ,operated in class "B." 
However, they are more prone to dis- 
tortion. 

Another reason vacuum tubes are 
so linear is that they operate with high 
voltages on the anode. Consequently, 

25 dB 
23 
N A IMD Estimate 

25 dB 
43 

there is a large voltage difference 
between the typical operating voltage 
on the anode and the minimum vol- 
tage across the anode when saturation 
occurs. If you go back to old vacuum 
tube literature you'll find lots of discus- 
sion about "load lines." In the typical 
vacuum tube application the load line 
operates over a very wide voltage 
swing before saturation and distortion 
occurs. Furthermore, vacuum tubes 
usually operate with output impedance 
levels of 1-5,000 ohms. This is a 
moderately easy impedance to match 
to 50 ohms; it's often done with a pi- 
network. As a result, impedance 
matching losses are usually low and 
efficiency is high. 

Contrast this with the typical solid- 
state power amplifier used by 
Amateurs. It most often uses transis- 
tors specified for 12-14 volt operation 
because this is the voltage usually used 
in mobile operation, and therefore in 
Amateur shacks. These devices typi- 
cally saturate at 1-2 volts, so the load 
line operates over a very narrow vol- 
tage range. 

The operating impedance levels of 
the typical rf solid-state transistor are 
low, usually 1-10 ohms1 This makes 
the matching networks more complex 

selves become a major problem. 
The use of higher voltage transistors 

like the 28-volt types will improve 
linearity, but require higher supply vol- 
tages at lower current. The develop- 
ment of MOS (metal oxide semicon- 
ductors) power FETs is a promising 
field. These devices usually require a 
25-60 volt supply, although some 
lower-power types operate at 12-14 
supply voltages. 

Proper amplifier operating 
parameters 

Now let's look specifically at power 
amplifiers. It should be obvious why 
just about all Amateur amplifiers, espe- 
cially the commercial types, operate in 
linear service. Linear amplifiers are less 
likely to abruptly change power and 
can be used on any emission type: 
CW, FM, SSB, or ATV. 

Vacuum tubes are still the favorite 
source of linear power, especially 
when good IMD and power levels over 
100-200 watts are desired. But, the 
fact that an amplifier uses a vacuum 
tube is no guarantee that it will be 
linear. Certain operating parameters 
must be met. Many of them are 
described in references 3 and 4. Fur- 
thermore, what is often ignored is that 
for good IMD performance, the type 
of tube selected is often more impor- 
tant than the operating parameters. If 
the tube you choose isn't specifically 
designed for linear service, you prob- 
ably won't obtain good linear output 
characteristics - regardless of the 
operating parameters and circuitry 
employed. 

Generally speaking, at VHFJUHF 
frequencies, tetrodes have the highebt 
power gain and are usually operated in 
the grounded-cathode configuration. 
However, the newer high-mu triodes 
driven in the ground-grid configura- 
tion, while having less gain, will gener- 
ally deliver the best IMD performance. 

Table 1 shows the expected linear 
performance from some of the most 
popular tubes Amateurs use. Data has 
been gleaned from manufacturers data 
sheets and l i terat~re.~,~ 
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mation on older tubes (prior to 1970) 
is almost nonexistent. From the table, 
it is obvious that the newer high-Mu 
triodes generally have better IMD per- 
formance. Additional parameter infor- 
mation is available in reference 3. 

One further caution. The IMD 
shown in table 1 is an optimized tar- 
get figure and will vary somewhat with 
different tubes. These numbers were 
probably derived under tight laboratory 
conditions with good instrumentation. 

Table 1 is by no means complete. 
Always get the exact parameters 
directly from the manufacturers data 
sheets, not "Joe Ham" down the 
street. Deviating from the specific 
operating voltages shown on these 
data sheets will probably degrade the 
IMD. 

If a tube is driven to higher power 
levels than shown, the IMD will drop 
accordingly. As a rough rule of thumb, 
every time the power output is dou- 
bled, the IMD will degrade by at least 
6 dB. Going above the output power 

shorten the life of your tubes. Further- 
more, you'll gain the ire of every 
VHF/UHFer in your area who'll be tell- 
ing you how badly you're splattering. 

Solid-state power amplifiers are 
popular, especially those delivering 10- 
160 watts. They are generally small in 
size and only require a single power 
supply voltage. Reference 7 describes 
them in detail, along with recom- 
mended circuitry. As stated above, the 
12-14 volt transistor types are the most 
common. Some precautions are 
advised. The power supply should be 
fairly well regulated and, preferably, 
adjustable. 

Most solid-state amplifiers are speci- 
fied to operate at approximately 13.5 
volts. Dropping the power supply vol- 
tage to 12 volts will usually drop the 
output power by 10-20 percent! Like- 
wise, the IMD will severely degrade. 

Pay special attention when wiring 
the power supply to a solid-state 
power amplifier. Large diameter wire, 
no. 14 or larger AWG, is recom- 

shown on -table 1 is strongly dis- mended since these amplifiers draw 
couraged, unless you want to severely 1 from 5-20A. Small diameter wire will 

The graph shows the input versus output power from a typical VHF Amateur commercial 
amplifier. See text for further information on how to interpret the results and perform your 
own tests. 

cause a large voltage drop on the 
power supply lines, with a commen- 
surate decrease in output power and 
IMD as described above. 

As mentioned earlier, solid-state 
power amplifiers have developed a bad 
reputation with regards to splatter. 
There are many reasons for this. As I 
noted above, the power supply and 
supply voltage are sometimes to 
blame. But, the biggest offender is 
probably the user and his or her 
interpretation of the manufacturers' 
specification. 

For example, a typical amplifier 
specification may say "100 watts out- 
put with 10 watts of drive." This 
implies that the amplifier has a true 
gain of 10 dB. 

In reality, the 100 watts of output 
power may be the maximum output 
power possible from the amplifier, not 
the maximum linear output power. 
Also, the gain may be much higher at 
the lower output power. Lastly, you 
may be overdriving the amplifier. 

Testing and evaluating 
power amplifiers 

Up to now I've been describing 
operating parameters. Now let's dig in 
and see how to test, evaluate, and 
operate a linear power amplifier. Then 
you'll be able to better apply this infor- 
mation to your own station. 

To better illustrate the point of 
linearity and specifications, I've plot- 
ted on fig. 2 the true output versus 
input power on a typical Amateur 
commercial 100-watt VHF solid-state 
power amplifier. Figure 2 shows that 
an input power of 1.0 watt yields an 
output power of approximately 23 
watts - a gain of 23 or 13.6 dB. At 
3.5 watts input, the output power is 
approximately 64 watts, a gain of 18.3 
or 12.6 dB. Finally, at 10 watts input, 
the output power is approximately 100 
watts; the gain is 10 dB. 

Note that the gain isn't constant. 
What went wrong? The answer is 
nothing. This output versus input 
characteristic is typical of the solid- 
state power amplifiers used by Ama- 
teurs. They are linear, but only up to 
a point. 
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Food for thought. 
Our new Universal Tone Encoder lends its versirtility 
to all tastes. The menu includes all CTCSS. as  well 
as Burst %nes. Touch Tones. and Test Tones. No 
counter or  test equipment required to set frequcncy- 
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Separate level adjust pots and output connections for each 
tonc Group. 
Immune to RF 
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Instant start-up. 
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Continuous tone 

Group B 
- -  - 

BURST TONES: 
697 1209 1600 I850 2150 2400 

1000 770 1336 1650 1900 2200 2450 
ISM 852 1477 1700 1950 2250 2.W 
2175 I 941 I633 1 1750 2MlO 23(X) 2550 

8 2 , 
Tone length approximately 300 nis. May be lengthened. 
shortened or eliminated by changing value of resistor 

Model TE-64 $79.95 

2805 

* COMMUNICATIONS SPECIALISTS 
426 West Taft Avenue. Orange. California 92667 
(800) 854-0547/ California: (7 14) 998-302 1 

IMIO 2l(rO 2350 
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In a true linear amplifier, a 1-dB 
input power increase would yield a 1 - 
dB output power increase. In the case 
of solid-state power amplifiers, linear 
operation is generally acceptable up to 
the "1-dB compression point" - the 
output power level where the gain of 
the amplifier drops l .O-dB below the 
low-power gain. 

Said another way, the 1-dB com- 
presssion point is the output power 
level where the amplifier output 
increases only 9 db for a 10 dB input 
power increase. Above this power 
level distortion and IMD increase 
rapidly. 

Fine you say, but how do I test com- 
pression? The easiest way is to use two 
power meters, one at the input and 
one at the output of your amplifier (see 
fig. 3). Measure the output power at 
5-10 different power levels. The greater 
the number of data points taken, the 

the peak power to register, if in fact 
1 it ever does. This means that on SSB, 

the peak power you are running should 
never show on the meter. If it is, you're 
driving the rig too hard! 

When using a typical power meter, 
you should be averaging about 25-30 
percent of full linear power I1 -dB com- 
pression point) capability. Never 
exceed 50 percent (see reference 7). 
Test your linearity, then advance the 
microphone gain on your exciter and 
observe the output power. If you ever 
reach a point where output power no 
longer increases with increasing micro- 
phone gain, back it down! 

Say you have an amplifier that puts 
out 100 watts of linear power, after 
measuring it according to the methods 
described above. Set your gain control 
on the rig so that on average voice it 
is indicating 25-30 watts, as shown in 
fig. 4. This goes a long way towards 

insuring that you are not splattering 
excessively and will still be transmitting 
full power on peaks! 

If your power amplifier has too 
much gain (the most typical case) 
you'll have to be careful to keep the 
microphone gain turned down, or 
place an attenuator between the 
exciter and amplifier, or both. You can 
use a piece of RG-58 cable as an inex- 
pensive moderate-power attenuator." 
At about 4-5 dB per 100 feet at 2- 
meters, you may only require 25-75 
feet. 

If you have ALC capability, use it! 
It's a great way to control the tendency 
to overdrive a rig, especially if the 
amplifier has too much gain. 

Other tips 
Never use an amplifier unless it's 

necessary. Remember the FCC regu- 
lation that Amateurs should use the 
minimum power required to maintain 

TRANSMITTER 
METER 

1 I 
This diagram shows a recommended test set up to measure the linearity of a power 
amplifier as described in the text. 

greater the accuracy. Plot the results 
as shown in fig. 2. 

Next, draw the "true linear response 
line" from the origin as shown on fig. 
2. The 1-dB compression point is the 
measured output power level which is 
80-percent ( -  1 db) below the 
expected output power (64 versus 80 
watts in fig. 2). 

Power meters 
There are several other things to 

remember when operating a linear. 
You must have a power meter; an 
external one is preferable. Without a 
calibrated power meter you'll never be 
able to determine if your equipment is 
operating properly. 

There are several caveats when 
using a power meter. First, they all 
have a time constant. It takes time for 

I J 

This diagram shows the face plate of a 
typical RF power meter. A is the key-down 
needle position for maximum linear power. 
B is the recommended needle position 
when operating SSB for same as described 
in text. 

nal may still sound great to the station 
listening to you! Try an A/B test. 
Switch your amplifier in and out, and 
have a local station observe the 
change in signal strength to verify that 
your gain increases by the number of 
dB expected from the power amplifier. 
Then have them tune off 5-10 kHz and 
repeat the A/B test to see if the IMD 
degrades with the power amplifier in 
line. 

Remember that all IMD power is 
wasted and serves no purpose other 
than to cause interference to adjacent 
channels!= Excessive power and over- 
drive, especially on solid state amps, 
can also cause premature death to the 
output devices. 

Despite stories to the contrary, the 
gain of vacuum tube VHF/UHF ampli- 
fiers is finite, typically 10-17 dB. Don't 
expect a 10-watt exciter to drive a 
1000-watt amplifier to full output 
power. You may still need a driver 
amplifier ahead of the final. 

Test all new gear with a local. 
Problems such as misalignment and 
breakage can occur during shipment. 
Carrier supression is sometimes a 
problem, but can usually be re- 
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tweaked. In rare cases, power ampli- 
fiers may have to be re-peaked. 

RF actuated power amplifiers can 
often cause a problem at lower power 
levels because they may not turn on 
properly. If possible, try to hard wire 
the switching on these amplifiers to 
the station or exciter T/R line. 

RF compression is another topic 
that is really beyond the scope of this 
month's column. Suffice it to say that 
if you have it, try it, but only when 
necessary on weak signal paths. 
Adjust it carefully and don't use any- 
more compression than necessary! 
Remember that rf compression signifi- 
cantly increases dissipation in the 
power amplifier, which could destroy 
or shorten device life. 

Finally, for many years VHf/ UHFers 
have been gathering at conferences to 
shoot the bull, measure noise figures, 
and antenna gains. Maybe it's time we 
add a new wrinkle to these confer- 
ences by setting up workshops to test 
amplifier power and linearity. 

Receiver considerations 
So far I've concentrated mostly on 

the transmitter IMD. I feel that it's 
most often the culprit and is the easi- 
est problem to deal with. This, of 
course, isn't always true. 

Many of the transceivers used on 
VHFIUHF, and to a lesser degree 
those used on hf, have very poor 
dynamic range. This is especially true 
of those that were designed before 
1985. Furthermore, transceivers and 
transverters often have poor sensitiv- 
ity. The latter is not a problem on hf 
where noise levels are high. But, the 
typical 6-8 dB noise figures on 2- 
meters and above often require an 
external low-noise preamplifier. When 
such a preamplifier is added, the 
dynamic range of the receiver drops 
dramatically. 

Low noise preamps don't usually suf- 
fer from IMD. However, they usually 
overdrive the rxfollowing it. The rx has 
insufficient dynamic range and crashes. 
If you usean external preamplifier, con- 
figure it so that it can be easily bypassed 
especially if you suspect IMD. 

Receiver IMD can usually be tested 
simply. If you place an attenuator ahead 

of a receiver, the signal should decrease 
by the same amount of dBs as the 
attenuator. However, if the receiver 
IMD drops by a greater amount, some 
or all of the IMD is generated by the 
receiver. 

Asa rule of thumb, IMD that isgener- 
ated in a receiver decreases 3 dB for 
every I -dB decrease in signal level. A 3- 
10 dB 50-ohm attenuator pad is a nifty 
test device. If you suspect a station is 
causing IMD, note the signal strength 
and IMD level on the signal strength 
meter. 

Next insert a 3-10 dB attenuator 
ahead of your receiver1 preamplifier. 
The signal level should drop by the 
amount of attenuation introduced. If 
the IMD also drops the same amount, 
the transmitted signal is probably at 
fault. If the IMD level drops more than 
the amount of the attenuator, your 
receiver is partially atfault. If the receiver 
IMD drops3 times the attenuator value, 
the IMD is probably all generated within 
your receiver. 

You can try one final, simple test. By 
carefully watching a station on the sig- 
nal strength meter, you can often see 
overdrive by observing how much the 
meter wiggles. A station that's clean will 
generally cause a typical S meter to 
move rapidly. A station hitting their 
transmitter too hard will cause the S 
meter to sort of hang near thesame level 
because they are in compression. 

Summary 
This month's column was primarily 

devoted to improving linearity and 
decreasing IMDIsplatter. Try never to 
run more power than required. Remem- 
ber that a true linear doesn't exist. 
Sooner or later it will run out of gas as 
the power output is increased. Test your 
transmitted and received linearity as 
detailed above and, if you like, try some 
of the other suggestions I've made. 

Note: 
In reference9,l described circuitry to 

obtain 28 volts from a 12-volt power 
supply, primarily for operating relayson 
portable operation. I've been informed 
that there isa commercial devicealready 
available - a Radio Shack Voltage 
Inverter, catalog number 22-129B. 

Although it's shown as a 6-12 volt 
inverter, the instruction sheets clearly 
show howto use it for a negative ground 
12-28 volt inverter. Many thanks to Bill 
Murray, K2GQI, for bringing this to my 
attention. 

Important VHFIU HF events 
October 1-2 International Region 

1 UHF Contest 
(7Gcm and up) 

October 1-2 Mid-Atlantic States VHF 
Conference, Warminster, 
Pennsylvania (contact 
WBZNPEI WC2K) 

October 9 Predicted peak of the 
Draconids meteor 
shower at CIWX) U TC 

October 10 New moon 
October 20 Predictedpeak of the 

Orinonids meteor shower 
at 1 4 0  UTC 

October 23 EMEperigee 
October 22-23 A RRL lnternational EME 

contest, first weekend 
November 3 Predictedpeak of the 

Cassiopids meteor 
shower at 0245 UTC 

November 3 Predictedpeak of the 
Taurids meteor shower at 
dj#x) UTC 

November 9 New moon 
November 16 Predictedpeak of the 

Leonids meteor shower 
a t m  UTC 

November 20 EMEperigee 
November 26-27ARRL lnternational EME 

contest, second week- 
end. 
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Manufacturers of Quality Communications Equipment 

.Standard and 
*Repeaters Computerized 
.Links Controllers 
*Remote Base .Standard and 
.VHF,UHF Computerized 
*Receivers Auto Patches 

Hi Pro 'E' 
EXPANDABLE REPEATER SYSTEM 

A NEW CONCEPT IN REPEATER DESIGN. THE 5 IS AN EXPANWLE REPEATER WlTH THE FOLLOWING FEATURES- A BISC REPEATER WHICH WOULD IN- 
CLUDE A COMPLETE RECEIVER. TRANSMITTER. COR. FRONT PANEL CONlWLS AND INDICATORS. LOCAL SPEAKER AND M C  J C K  AND CAPABLE OF FUNRE 

EXPANSION, ALL HOUSED IN AN EXTFSMELY RUGGED. ENCLOSED. lSlNCH RACK MOUNTABLE CABINET 

THlS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFERWRCHASE ADD ON. THE ADD ONS ARE-HIGHER POWER, l lOmD VAC POWER 
SUPPLY, IDENTIFIER. AUX)  PPTCH, OR COMPUTER CONTUOUERS IN ADOITDN TO THESE ADD ONS AN ADDITIONAL RECEIVER AND TRANSMITER CAN BE 

MOVNTED INTERNALLY FOR USE AS CONTROL LINKS. REMOTE M E  OR WAL BAND 0PERATK)N. ETC 
A N  ~ N S ~  PANEL IS AVAIMLE FOR LOXL MONmXIlNG OF THE REPEATER AND CONTAINS ALL NECESSARY METERING. STATUS LIGHTS AND IN0IU;R)RS ALL 

ADD ONS ARE AVAllABLE FROM THE COMPPNY AND ARE COMPLETE INCLUDING INSTRWTIONS. 

Hi PRO 
VHF-UHF REPEATERS 

SUPERIOR RECEIVER AND TRANSMITTER SPECIFICALLY DESIGNED FOR REPEATER SERVICE. 

ADJUSTABLE TRANSMITTER POWER. FROM 1 TO 25 WAlTS MINIMUM OUTPUT WlTH EXTREMELY COOL OPERATION.- 
AUTOMATIC BATTERY BACK UP SYSTEM CAPABILITY WlTH EATERY CHARGING AND REVERSE POLARITY PROTECTION.- 
NOW WlTH A FULL COMPLIMENT OF INDICATORS AND STATUS LIGHTS.-100% DUTY CYCLE-ADVANCED REPEATER SQUELCH 
NO CHOPPING. POPPING, OR ANNOYING REPEATER KEY UPS DURING LIGHTNING STORMS.-DIE CAST ALUMINUM R.F. 
ENCLOSURES -SMALL SIZE 5V4 x 19 x 13 "--HIGH QUALITY LONG LIFE DESIGN. 

AMATEUR DISCOUNTS AVAILABLE - 
I:: - 

TRANSMITTER AND RECEIVER USED IN ALLHIPROREPEATERS 
HI PRO TRhNSMITTER HIPRORECEIVER 
DESDMEDFCAREPUIER THIS RECEIVER ISTHE 
LAVCE WrT*fXCELLENT HEARTO( THEREEATER 

AUDIO STABILITY. AND BOASTS SUPERIOR 
HARMONIC REJECTION SOUELCHACTIONNEEOED 

AND LOW NOISE FOR THlS TYPE OF 

ADJUSTABLE ANDSELECTIVITY 
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THE HAM NOTEBOOK 

Using macros with packet 
Computers are supposed to reduce 
the drudgery of repetitive tasks. When 
operating packet, I get tired of using 
the keyboard to enter the same com- 
mands over and over. Such tasks can 
be automated and then invoked when 
needed by means of a computer 
programming technique called a 
"macro". Acording to the Lotus 
Development Corporation Lotus 1-2-3 
Reference Manual: 

"A macro performs a task automat- 
ically. To create a macro, you create 
a set of entries that describes a partic- 
ular task keystroke by keystroke, and 
then name ... [it]. To use a macro, you 
invoke it by pressing ... the name of the 
macro. " 

If you'd like to tell your computer to 
send any of the following sample 
packet commands by using only two 
or three keys: 
CONNECT W1 JLI 
CONNECT W1 JLI-1 
CONNECT W1 KRU 
CONNECT WB1GMA 
BE 90 
BT HELLO PACKET.. TOM, AD1B 
CONVERS 

A macro can handle any of these 
tasks easily. Even better, macros can 
be designed for your particular needs 
and utilized in many terminal pro- 
grams. 

I'm using an IBM PC for my packet 

operations and have chosen the 
ProComm communications program 
for terminal emulation. ProComm lets 
you define up to ten different macros 
that can be invoked by holding down 
the ALT key and then pressing any 
number between 0 and 9. The com- 
mand line that you have stored is typed 
on the screen; when you hit the 
RETURN key, the command is exe- 
cuted. Alternatively, you can include 
an "embedded" character in the 
macro so that a carriage return is sent 
when the macro is invoked. 

Consider acquiring ProComm if 
you're using an IBM or compatible 
computer for packet or telecommuni- 
cations. This "shareware" product is 
distributed by many clubs, bulletin 
boards, and software vendors at nomi- 
nal cost. The only charge is a duplica- 
tion fee which shouldn't exceed $6. If 
you like the program and use it, you 
are asked to register your copy with 
the developers and pay the licensing 
fee ($25) to: Datastorm Technologies, 
Inc., P.O. Box 1471, Columbia, Mis- 
souri 65205. 

There are any number of commer- 
cial, shareware, and public domain 
programs that can be used to store 
combinations of keystrokes for later 
use. ProComm comes with an option 
to store up to ten different macros in 
the program itself. To access this 
option, you need only call the macro 
menu. 

You can create and edit macros by 
holding down the ALT key and strik- 
ing the "M" key (ALT-MI. When you 
do this, a small menu appears that 
allows the definition of the ten availa- 
ble macro strings used as command 
lines. 

Each macro is a string of up to 36 
characters in length; it may contain 
embedded control codes (such as the 
CONTROL character) and carriage 
returns. You don't need to hit the 
RETURN key if you choose to use an 
embedded carriage return; it is sent 
automatically when you use the 
macro. 

Figure 1 gives an example of the 
macro screen that is used to define or 
change a macro. It also contains sam- 
ples of typical macros. The steps are 
simple: 

Call the macro menu with the ALT- 
M option. 

Type "R" to revise a macro. 
Strike a number (from 0 to 9) to 

select or name a macro. 
Enter the text string that you want 

to use. 
Respond with the letter "Y" to save 

the new macro. 
Revise another macro or hit the 

"ESCAPE" key to exit. 

- -  

Macro screen. 

Notice that all my macros end with 
an exclamation point. ProComm has 
a feature called Output String Trans- 
lation - the program treats predefined 
characters in a special manner. The 
exclamation point is interpreted as a 
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carriage return; a caret ("A") is inter- 
preted as the "control" character. If 
you want to send Control-C, include 
the "AC" string in your macro. Notice 
that macro number 7 in fig. 1 is the 
command ''ACD!". This provides a 
Control-C (to call the command line on 
my terminal unit) and a D (for discon- 
nect) followed by a carriage return. 
Macro number 7 is designed to discon- 
nect and return to the command line. 

Once the program is set up, you can 
use macros to  speed up the entry of 
your ten most common terminal com- 
mands and execute them with only 
two keystrokes. If you forget the defi- 
nition of any particular macro key, sim- 
ply use the ALT-M combination to  see 
the macro menu. I like macros; they 
provide an effortless way to get around 
that keyboard. 

Thomas M. Hart, ADlB 
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W2DRZ VHFIUHF MODULES. 
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ICOM, AEA. LARSEN. VAN GORDEN. 
VIBROPLEX. NYE-VIKING. FALCON 
COMM. LEADING EDGE. ARRL PUBLI- 
CATIONS. KAGLO, HAMTRONICS. 
PROWRITER. ELEPHANT DISKS. 
DE-0. 1/ *tin 

915 North Main Street W " n . . r c J . r , ~ . . .  &A*! 

Jamestown, New York 14701 pH. (716)664-6345 



THE 1988 

ARRL 
HANDBOOK 

NEW 
EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Clothbound 
only. $21 in the U.S.. $23in Canada 
and elsewhere. 

5 

- 

If you are monitoring only voice shortwave stations, you are missing half the 
action! Thousands of shortwave stations lransmit in non-voice modcs such as 
Morse code, various forms of radioteletype (R'ITY) and facsimile (FAX). The 
Universal M-7000 will permit you toeasily intercept and decode these transmis- 
sions. Simple connections to your shortwave receiver and video monitor will 
enable you to monitor with h e  most sophisticated surveillance decoder 
available. No computer is required.& the world of shortwaveexcitement you 
have been missing. Requires 115 or 230 VAC. Six month limited warranty. 
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Partial List of Modes & Features 
+ Mone Code (CW) + Speed Readout 
+ Regular Baudot R l T Y  + 4 l T Y  Alphabets 
+ Variable Speed Baudot +Ten Manories 
+ Bit Inverted Baudot + Automatic Tuning 
+ ASCII Low Speed + Vidu, Squelch 
+ ASCII High Speed + Audio Squelch 
+ ASCII Variable Speed + Split Scrcm ARQ 
+ Sitor Mode A (ARQ) +Self Diagnostics 
+ Sitor Mode R + Screen Print 
+ Autor + Screen Saver + ARQ 2&4 chan. (TDM) +Input Gain Conml 
+ W T  Modes OM) + MSI. UOS. ATC 
+ Russian 3rd Shift Cyrillic+ User Program- 
+ Facsimile (FAX) A M  mable Sel Cals 
+ Facsimile (FAX) F M  + Serial & Parallel 
+Packet AX.25 Printer Pons 

$ ~ ~ ~ t ~ ' ~ e  
+ Remote Terminal 

Operation 
+ Divenity + Direct Envy of 
+ Dual Muering Raud & Shift 
+LowTone& High Tone +Auto-Smfl 
+ Variable & Stmdard Shift 
+Opdon: Real Time Clock 
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+Option: Vidu, Display of Facsimile FAX) 
+ Oplion: Rack Mounting Brackeu (For 19 )  

WEATHER 
SOFTWARE 

ACCU-WEATHER FORECASTER is a menu driven pro. 
gram that allows the user to tap into Accu-Weather's 
extensive computerized database. In addition to Accu- 

Weather's forecasts. you can get hourly updates from National Weather 
Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative descriptions are just pan 
of what can be downloaded to your MS-DOS computer. To save 
telephone and hook-up charges, tell your computer first exactly what 
information you want. Then call ACCU-WEATHER: the computer will 
download the files you want and save them to disk. Information can be 
obtained for the entire United States or a specific geographical region. 

Several different services are available from ACCU-WEATHER. Price 
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Standing waves: a 
review 
Standing waves are always a con- 
sideration when dealing with 
antennas, transmission lines, and other 
rf sourcetload combinations. This 
month I'll take a brief look at standing 
waves, how they're calculated, how 
they're measured, and what they 
mean. 

The reflection phenomenon was 
mentioned in last month's discussion 
of the step function or single-pulse 
response of a transmission line; the 
same phenomenon applies when the 
transmission line is excited with an ac 
signal. Let's review what happens in 
a transmission line system under ac 
excitation by using a little metaphori- 
cal device - the old rope trick. In fig. 
1 a taut rope is anchored at one end 
to an inflexible wall (1A). If a pulse is 
initiated by wiggling the free end of the 
rope (161, the displacement wave will 
propagate down the rope (1C) until it 
hits the wall ( ID) .  At this point the 
wave is reflected (1E) and repropa- 
gates back down the rope toward the 
source (IF). In this case, there is a 180- 
degree phase reversal, but that only 
happens in some transmission line sit- 
uations (in other cases the reflected 

SPEAKING 

"Taut rope" metaphor for standing waves. 

wave is in phase with the incident 
wave). 

If the free end of the rope (our 
metaphorical "transmitter") is moved 
up and down, the rope oscillates and 
produces a series of waves. When an 
incident wave crosses a reflected wave 
the two will add algebraically as shown 
in fig. 2A. The amplitude at any given 
point is the sum of the two wave 
amplitudes; it may be either greater or 
less than the individual waves. 

Figure 28 shows a situation in 
which the oscillations are recurrent in 
such a way that they produce stand- 
ing waves on the rope. In this case, an 

Joe Corr, K4IPV 

observer looking from the side would 
see what appears to be a single wave 
pattern standing in free space. 

If a transmission line is perfectly 
matched to the load, no power is 
reflected back towards the source. 
This situation is analogous to a rope 
connected to a perfectly distensible 
foam rubber wall that absorbs all the 
mechanical energy of the rope wave. 
When a transmission line isn't 
matched to its load, some of the 
energy is absorbed by the load and 
some is reflected back down the line 
towards the source. This situation is 

- - - - -- 

When incident end reflected waves inter- 
fere, the resultant is the algebraic sum of 
the two. 

Oscillations on the input give rise to stand- 
ing waves. 
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absorbs some energy and reflects the 
rest. The interference of incident (for- 
ward) and reflected (reverse) waves 
creates standing waves on the trans- 
mission line. 

The voltage or current measured 
along the line vary, depending on the 
load (see fig. 3). The voltage-vs.- 
length curve for a matched line is 
shown in fig. 3A, where ZL = &. The 
line is said to be "flat" because the 
voltage and current remain constant 
along the line. Figure 36 shows the 
voltage distribution over the length of 
the line when the load end of the line 
is shorted (ZL = 0). At the load end 
the voltage is zero, a result of zero 
impedance. The same impedance and 
voltage situation is repeated every half 
wavelength down the line from the 
load end towards the generator. Volt- 
age minima are called nodes, while 
voltage maxima are called antinodes. 

The pattern in fig. 3C occurs when 
the line is not terminated (open); that 
is, ZL is infinite. The pattern is the 
same shape as fig. 36  (shorted line), 
but phase shifted 90 degrees. In both 
cases the reflection is 100 percent, but 
the phase of the reflected wave is 
shifted 90 degrees. 

Figure 3 d  shows the situation 
where ZL is not equal to Z,; it is nei- 
ther zero nor infinite. In this case the 
nodes represent some finite voltage, 
Vmi,, rather than zero. The standing 
wave ratio (SWR) reveals the relation- 
ship between load and line. 

If the current along the line is meas- 
ured, the pattern will resemble the pat- 
terns of fig. 3. The SWR is then called 
ISWR, to indicate that it came from a 
current measurement. It is called 
VSWR if the SWR is derived from volt- 
age measurements. VSWR is the term 
most commonly used, perhaps 
because voltage is easier to measure. 

VSWR can be specified in any of 
several equivalent ways: 
From incident voltage (Vi) and 
reflected voltage (V,): 

Z L  ' 20 

0 )  I-- 
0 A/4 A/2 3A/4 A/l r o W ~ ~ o  

LOAD E N 0  SOURCE 

b ,  i Z L  n o  

0 A/4 A/P 3A/4 A/ /  TOWARD 
LOAD END SOURCE 

c )  

LOAD E N 0  SOURCE 

I * 
0 A14 A/2 3A/4 A / /   WAR^ 

LOAD E N 0  SOURCE 

1 I 

(A1 Voltage vs. Length characteristic of 
transmission line: (a) flat line (ZL=Zo), (b) 
shorted line, (c) open line, (d) mismatched 
line. 

From transmission line voltage meas- 
urements (fig. 3D): 

Vmax VSWR = - 
Vmin 

(21 

From load and line characteristic 
impedance: 
(ZL>Zo) VSWR = ZL/Zo (31 
(ZL<Zo) VSWR = Zo/ZL (41 
From incident (Pi) and reflected (P,) 
power: 

I + [Pr/PJ'/2 
VSWR = 

1 - [Pr/PJ"' 
(51 

From reflection coefficient (p): 

VSWR = 
1 - P  

(6) 

It's also possible to determine the 
reflection coefficient (p) from knowl- 
edge of VSWR: 

VSWR - I 
= VSWR + I (71 

VSWR is usually expressed as a 
ratio. For example, when ZL is 100 

or GWR = 2:1. VSWR can also be 
expressed in decibel form: 
VSWR = 20 log (VSWR) 

The SWR is important in systems 
for several reasons. At the root of it all 
is the fact that the reflected wave 
represents energy lost to the load. For 
example, in an antenna system less 
power is radiated if some of its input 
power is reflected back down the 
transmission line. This is because the 
antenna feedpoint impedance doesn't 
match the transmission line charac- 
teristic impedance. Now let's take a 
look at the problem of mismatch 
losses. 

Mismatch (VSWR) losses 
The power reflected from a mis- 

matched load represents lost energy 
and, depending on the situation, will 
have implications that range from 
negligible to profound. A result might 
be anything from a slight loss of sig- 
nal strength at a distant point from an 
antenna, to destruction of the output 
final amplifier device in a radio trans- 
mitter. The latter problem so plagued 
early solid-state transmitters that 
designers opted to include shutdown 
circuitry to sense high VSWR and limit 
output power proportionally. 

VSWR on the transmission lines 
interconnecting devices under test, 
instruments, and signal sources can 
cause erroneous readings in radio sys- 
tem measurements, making them 
invalid. This problem is important, 
especially at VHF and with microwaves 
where transmission line lengths 
between signal sources, amplifiers, 
and indicating instruments are either 
an appreciable fraction of a wave- 
length or greater than a wavelength at 
those frequencies. For my MMlC 
column a few months back I built an 
amplifier that worked from near dc to 
1 GHz or so. After making measure- 
ments above 400 MHz, I came up with 
a situation where there was more gain 
than the amplifier could offer. The 
"free" signal was actually wave com- 
bination in phase and not the gain of 
the MMlC amplifier. 
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You must take two VSWR situa- 
tions into account when determining 
VSWR losses. Consider a transmission 
line of impedance Z, interconnecting 
a load impedance (ZL) and a source 
with an output impedance (&I. There 
is a potential for impedance mismatch 
at both ends of the line. 

Where one end of the line is 
matched (either Z, = Z,) or (ZL = 
Z,,), the mismatch loss due to SWR at 
the mismatched end is: 

SWR - 1- 2 
[ I - ( S W l ? + J  ] 
This can also be written as: 
ML = - 10 log (1 - pZ) 

Example 
A coaxial transmission line with a 

characteristic impedance of 50 ohms 
is connected to the 50-ohm output 
(Z,) of a signal generator, and also to 
a 20-ohm load impedance (ZL). Calcu- 
late the mismatch loss. 
Solution: 
First find the VSWR: 
VSWR = L I Z L  
VSWR = 50 ohms/20 ohms = 2.5:l 
Mismatch loss: 

ML = - 10 log [ 1 - (0.43)*1 
ML = - 10 log [ 1 - 0.185 I 
ML = - 10 log I0.8151 
ML = ( - 10) ( -0.089) = 0.89 

When both ends of the line are mis- 
matched a different equation is 
required: 
ML = 20 log [ I  + (pl x p2)1 (10) 
Where: 
pl is the reflection coefficient at the 
source end of the line, (VSWR1 
-l)/(VSWR1 + 1) 

p2 is the reflection coefficient at the 
load end of the line, (VSWR2 - 
1)/(VSWR2) + 1) 

Note that the solution to eqn. 10 
has two values: [I + (p1p2)1 and [ I  - 
 PIP^)^. 

The preceding equations reflect the 
mismatch loss solution for low loss or 
"lossless" transmission lines. They are 
close approximations, but there are sit- 
uations where they are insufficient - 
namely when the line is lossy. Though 
not very important at low frequencies, 
loss becomes significant at VHF 
through microwave frequencies. Inter- 
ference between incident and reflected 
waves produces increased current at 
certain antinodes (which increases 
ohmic losses) and increased voltage at 
certain antinodes (which increases die- 
lectric losses). The latter increases with 
frequency. Equation 11 relates reflec- 
tion coefficient and line losses to deter- 
mine total loss on a given line. 

loss = 10 log (111 

Where: 
loss is the total line loss in decibels 
p is the reflection coefficient 
n is the quantity 10(A/10) 
A is the total attenuation in dBs 
presented by the line, when the line is 
properly matched (ZL = Zo) 

Example 
A %-ohm transmission line is termi- 

nated in a 30-ohm resistive impedance. 
The line is rated at a loss of 3 dB/100 
feet at 1 GHz. Calculate the loss in 5 
feet of line, the reflection coefficient, 
and the total loss in a 5-foot line mis- 
matched as above. 
solution: 

loss = 10 log (141 

loss = 
10 log 1.04)2 - (0.25)2 [ (I. h) - ((1.04)(0.25)2) ] 
loss = 
10 log 1.082 - 0.063 [ (I. 04) - ((I. 04)(0.063)) 

loss = 10 log 
1.04 - 0.066 

I 

loss = 10 log (1.046) 
loss = (10)(0.02) = 0.2dB 

Compare the matched line loss (A = 
0.15 dB) with the total loss (loss = 0.2 
dB), which includes mismatch loss and 
line loss. The difference (loss - A) is 
only 0.05 dB. If the VSWR were con- 
siderably larger, the loss would rise. 
Work through some basic examples 
using VSWR values seen in Amateur 
Radio work; the answers may surprise 
you. Considering that an S unit is 
either 3 or 6 dB depending on which 
receiver you own, it isn't necessary to 
tweek out every litle bit of VSWR. In 
fact, the only reasons to worry about 
it are that: the VSWR low point indi- 
cates resonance on the antenna, and 
solid-state final amplifiers are not too 
happy with VSWR. 

Trimming the transmission line does 
not lower VSWR, despite what non- 
ideal instruments may lead you to 
believe. To reduce VSWR, you must 
either resonate the antenna or insert an 
impedance-matching device between 
the line and the antenna. The only time 
that transmission line can reduce 
VSWR is when it is used as a match- 
ing section, as discussed last month. 

Editor's Note: This material was der- 
ived from Joe's forthcoming book, 
Practical Antenna Handbook. Joe 
Carr, K4IPV, can be reached at POB 
1099, Falls Church, Virginia 22041; 
he'd like to have your comments and 
suggestions for this column. 

Article J HAM RADIO 
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MORE FIXES FOR THE 
IC22S VHF RADIO 
By Brian J. Henderson, VEGZS, 23 Deermoss Place SE, Calgary, Alberta T2J 6P5 Canada 

In its day, the lcom IC22S was one of the most 
popular radiossold. I still own two and have 
needed to repair them on a few occasions. 

One had a number of problems requirihg major work. 
X2 024 T~ TR*NsMm 

The radio's only shortcoming is that its manual gives little 135 3 MHz 
----t 10 RECEMR 

more than a circuit diagram;" I didn't find it particularly 
helpful. Some of the problems I've encountered and cor- 
rected are outlined here. l13.ee MHz 

Theory and operation 
A simplified block diagram is shown in fig. 1. A 

voltage-controlled oscillator (VCO) generates the fre- 
quencies required for the receiver and transmitter. The 
VCO operatesat 135.3 MHz, the frequency requiredfor 
receiver injection. The components used for phase 
detection and division won't operate at these high fre- 
quencies. The signal is mixed with a fixed frequency of 
133.69 MHzgenerated by crystal X2and 07, which oper- 
ate asa tripler. The difference between these two is 1.61 
MHz. This signal is further divided by 2, by IC 6, and 
passed on to the programmable voltage divider, IC 1. 
The division of the signal by IC 1 is set by the diode matrix 
board and associated logic. The divided frequency is 
passed on to the phase comparator, IC 2. The frequency 
at this point should beabout7.5 kHz. Phase iscompared 
with a reference 7.5-kHzsignal produced by crystal X1 
and fixed divider IC 3. The difference in phase and fre- 
quency between the fixed reference and thevariable sig- 
nalfrom theVCO is converted by IC 1 to a dc voltge (off- 
set error voltage). The dc voltage is used to control the 
capacitance of D3 in the VCO. Changing the capaci- 
tance in the VCO will change its output frequency. The 
correction process continues until the VCO has the cor- 
rect output frequency. This isachieved when the phase 
error between the reference and divided generated fre- 
quencies is reduced to zero. The PLL is then said to be 
"locked." When changing channels, or going from 
transmit to receive, repeat this process to give the 
required frequencies for the radio to operate. 

PROGRAM- WLL 

X I .  IC 3 OMDER IC 1 

- - 

Block diagram of the PLL in the ICPS. 

Frequency alignment 
Make adjustments in the following order using a fre- 

quency counter, signal generator, and a plastic tuning 
tool. 

Reference Oscillator 
Connect the counter to test point CP1 on the PLL 

board (located on the lower left corner of the PLL board). 
Adjust C2for a frequency of 7.68 MHz (European ver- 
sion 10.24 MHz). 

Receive Frequency 
Using a signal generator, inject a signal on a channel 

the radio can receive. The wire originally connected to 
pin 1 of the accessory socket is the discriminator output. 
Adjust C38 on the PLL board (lower left corner of board 
next to crystal X2) for zero discriminator current as rneas- 
ured between this point and chassis ground. 

Transmit Frequency 
Most radios are usually on frequency and require no 

adjustment; should yours need it, transmit on a known 
frequency. If the radio is off frequency, as displayed on 
the counter, adjust L41 (located at the front, near the left 
corner of the main board) for the correct transmit fre- 
quency. 
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VCO adjustment 
I've had several problems with cold weather and PLL 

lockup. Nospecificationsweregiven in the manual. Set 
the radioto 147 MHz (or thecenter of your desired oper- 
ating range). Monitorthe voltage between pin 1 of IC2 
and ground. Adjust L7 (inside the VCO can) for a volt- 
age of 3.5volts. This won't affect the frequency of oper- 
ation if the radio has been adjusted according to the 
previous steps. Note that the radio's maximum operat- 
ing bandwidth is approximately 2.5 MHz. Bear this in 
mind when choosing the center frequency. 

PLL board jumpers 
I traced a number of intermittent PLL lockup problems 

to the jumpers connecting the top and bottom of the PLL 
board. The original board didn't use plated-through 
holes, and these jumpers connected the topand bottom. 
Stainless steel wire was used originally; it doesn't sol- 
der well. Remove all these jumpers and replace them 
with tinned copper wiring. There are about 20 jumpers 
to replace. 

PLL logic 
The radio will work in simplex mode below 146 MHz 

if the VCO is adjusted as I explained above. However, 
the logic won't add the correct offset for the 600-kHz 
shift normally required if it'sin theduplex mode. I added 
IC 11 (two gates) to correct this design problem. The 
gates can be installed by cutting traces, but I've had 
numerous problems with broken circuit traces on the 
PLL board. I removed all four existing ICs of the logic cir- 
cuit (ICs7,8,9, and 10) and built an entirely new logic 
board. I used wire-wrap techniques to construct the 
board and mounted it with L-brackets. The L-brackets 
attach to the sides of the chassis towards the rear, under- 
neath the normal position of the speaker. Be sure to 
leave a I-inch (2.5 cm) space between IC 7 and 8, and 
IC 9 and 10 for the speaker coil. I found that the wire- 
wrap pins were too long and interfered with the solder 
side of the main board when mounting thisextra board. 
I cut off the excess pins so there was sufficient clearance 
for mounting. 

Wire the extra board to the diode matrix board plug- 
in connection block on the PLL board. Resistors R36 and 
R37 are shown in fig. 2. These resistors are already 
installed in the radio. You don't have to add them if the 
input wiring to the logic board (DO-D7) is wired directly 
to the diode matrix board plug. 

Wiring out of the logic board ( DO-D2, P3-P7) connects 
to the input pins of the programmable divider (IC 1). 
These connections are shown on the original schematic. 
DO, Dl, and D2 don't go through the logic board. They 
connect directly to pins 1,2, and 3 of the programma- 
ble divider. 

Common 4000 or 14000 series chips can be used as 
direct replacementsfor ICs7,8,9, and 10 if removed or 
damaged. After installing this extra circuit board, I've 
had virtually no further intermittent problems with the 
PLL board. 

Microphonics 
One of the largest problems with frequency syn- 

thesizers is the mechanical vibration of the components 
in the synthesizer. Thisvibration can be heard as audio 
on an FM transmitter. It can also be heard in the speaker 
as an "echo" or hollow sound during receive. These 
vibrations are called "microphonics" and can result from 
speaker or microphone audio being coupled to the syn- 
thesizer. This means that everything inside the VCO 
must be "glued" together so it won't move mechani- 
cally. 

There is a resin or hard material inside the VCO 
shielded box holding everything together so that it won't 
vibrate. If you remove it, you must replace it for the radio 
to operate without these microphonics. Beeswax is the 
easiest material to use. It'schemically inert and meltsat 

I I 

Schematic of the duplex offset logic board showing the addi- 
tion of IC11. 

temperatures low enough that it will not damage corn- 
ponents. You can find beeswax in sewing and fabric 
stores. 

The beeswax can be melted in a small container, 
poured in, and allowed ta set. Don't fill the VCO can 
completely - just enough to cover the componentsand 
keep them from vibrating. If it becomes necessary to 
remove the beeswax for further servicing, remove the 
VCO can and heat with a candle. The beeswax will melt 
and run out. 

Component substitution 
The original componentscan usually be replaced with 

substitutes from any cross-reference book. One corn- 
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I Every month Monitoring Times brings 
everything you need to make the most 
of your general coverage transceiver: 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, I 

charts, and tipson how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shore signals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
TION TODAY before another issue 
goes by. In the US., 1 year, $18; 
foreign and Canada. 1 year. $26. For 
asample issue,send$2(foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

P.O. Box 98 A / Brasstown. N.C. 28902 I 

published by Bill Orr, W6SAl and Stu Cowan, W2LX 

BEAM ANTENNA HANDBOOK 
Complete1 revised and updated wtth the latest computer generated ~nforma. 
non on BZAM Antenna destqn Covets HF and VHF Yagls and 10. 18 and 24 
MHz WARC bands Everything you need to know 204 ~llustrahons 268 
paqes 1985 Revlsed 1st pd111on 
t IRP-BA Soflbund $11.95 

SIMPLE L0W:COST WIRE ANTENNAS 
Pr~mer on how to build m p l e  law cost wlre antennas Includes lnnwble 
deslqns for apartment dwellers Full 01 d~agrarns and schemahcs 192 
pages 1972 2nd edlllon 
1 RP-WA Softbound $11.95 

ALL ABOUT CUBICAL (IUAO ANTENNAS 
S ~ m p k  lo bulld. Ihghtwelght, and h~gh performance make the h a d  at DX'en 
dellght Everqihlng from Ihe slngle element to a mulhelement monster A 
wealth of lntormatlon on construchon. leedlng. tunlng and lnstalllng me 
quad antenna 112 paqes * 1982 3rd edltlon 

RPXO Sollbound $9.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers verticals, long wlres, beams as well as 
plenty of omer interesting designs. It Includes an honest ludgemenl of gain 
figures, how to slte your antenna for the best pertormance. a look at me 
Yagl-Ouad conhovers baluns slopers. and delta loops Prachcal antenna 
projects that work1 lrlb pages: * 1978. 1st edttlan 
! IRP.IH 8 0 W O ~ d  $11.65 

Aease enclose $3 XI tor smptng and handling rgb 
HaM 
RADIO BOOKSrORE 

ponent I found particularly difficult to replace was the 
varactor diode in the PLL circuit. Cross-referencing the 
original part was next to impossible. By trial and error and 
some calculations, I determined thatthe diode I needed 
was a 1 N5441A. MV 2101, or ECG610 varactor diode. 

Circuit board cleaning 
It appeared that the flux from component soldering 

was never removed when the board was manufactured. 
Flux is quite corrosive and will eventually eat its way 
through a circuit board. Removeasmuch of it as you can 
with flux remover, available at most electronicsstores. 

Nine-volt supplies 
There are three9-volt regulated power supplies in the 

radio: one common, one for transmit, and one for 
receive. Each 9-volt regulator transistor has a 15-ohm 
resistor in series with the collector. This resistor was 
originally installed with a power rating of 1 I 4  watt. I 
recommended that you change R141, R144, and R149 
to a 1-watt rating, as the original components run too 
hot. 

Transmitter tuning 
Six trimmer capacitors are involved in aligning the 

transmitter. Set the radio to a frequency belowthe mid- 
point of the desired operating range - for example, 
146.5 MHz if the center of the operating range is 147 
MHz. Adjust C97, C100, C92, C91, C85, and C81 in that 
order for maximum power output intoa matched load. 
Repeat these adjustments at least once. 

Other adjustments 
Here are some other common adjustments inside the 

radio: 
Deviation-R112-located nearthe front center ofthe 

main board 
Low Power- R149-located to  the right of R112 
Mic Gain-R132-located near the front of the main 

board near the right side 
Power Meter-R73-located nearthe back of the radio 

in the shielded can 
S-meter-R23-located near the front center of the 

main board 

Conclusion 
I've gained a lot of experience over the years from ser- 

vicing a number of these radios. A service manual is 
unavailable, and theowner's manual contains little infor- 
mation pertaining toserviceability. These changesand 
notes should help you fix some of the minor problems 
which can occur in an older radio. 
"Icom USA verifies that no service manuals were printed 
for the IC22S. Schematics can be provided by lcom 
upon request. Ed. 
Article K HAM RADIO 
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Uncle Bill's 
Commodore C-64 
Computer Software 
by Bill Clarke WA4BLC 

CODE COURSE 
Thls computer program is broken into 
three user lr~endly parts. Part one In- 
troduces to the beglnner the d~tlerent 
morse characters The student slmply 
presses a key and the character IS 
sent and displayed on the screen Part 
two generates the morse character 
and the student IS requ~red to press 
the correct key on the computer II 
the student answers ~ncorrectly. the 
character IS automal~cally resent. Part 
three sends morse characters In ran- 
, dom groups of l l ve  The student can 

tallor what 1s sent to thelr part~cular 
needs. numbers only, letters only or a 
comblnat~on ot both Speeds are l rom 
5 to 20 groups per rnlnule The com- 
puter can also be conllgured to send 
the Farnsworth method (high speed1 
slow spaclng code I V 2 2 

UB-CC (For C-64) 59.95 

KODE MASTER (for Novice, 
General  o r  Ext ra Class students) 
Prepare lor your next code exam 
uslng computer generated OSOs Each 
OSO conlalns callslgns. names. OTH's 
epulpmenl ~ n f o  plus many o l  the other 
exchanges commonly lound In Ham 
OSOs OSO's can be d~splayed on the 
screen by one character at a tlme. by 
each sentence or after the completion 
01 the OSO lor checklng Wlth a 
pnnter you can prlnt out a hard copy. 
Ava~lable In 5 wpm for Novlces. 13 
wpm for Generals and 20 wpm lor 
Extra class students 

IUB-KN Novice Class (lor C-64)514.95 
: IUB-KG (for C-64) $14.95 
i ,UB-KE Extra Class (lor C.64 114.95 

ANTENNA SYSTEM 
This nlfty antenna modeling and 
development program will help you get 
the most lrom your antenna projects 
whlle ellmlnatlng much of the drudgev 
01 anlenna calculations Part one 
covers standard deslgn antennas- 
dlpoles, vert~cals and Yag~ deslgns. 
Part two deslgns shortened d~pole an- 
tennas lor space llmlted hams Great 
for shortened 160180 meter antennas. 
All d~mens~ons are lhsted At lhls prlce 
11's not an englneerlng program but a 
neat program lo  have around 
! UB-AS (lor c.64) 59.95 

RADIO AMATEUR CALLBOOK 
SUPPLEMENT 
(both NA and Internallonal calls) 
Invaluable operating aid l o  all Classes 
of Radlo Amateur. Includes all Calls 
issued slnce publicahon o l  the 19B8 
edlt~on of the North Amerlcan and In. 
ternational ed~llons. The ONLY way to 
be lully up-to-date is l o  have the Call- 
book supplement in  your shack. 296 
pages i c  1988 
; ICB-SUP 88 Sollbound $9.95 

Please  enc lose  $3.50 sh ipp ing  8 hand l i ng  

HAM RADIO'S 
BOOKSTORE s 
Greenville, NH 
03048 

w 
603-878-1441 

i 
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OX FORECASTER 
Gorth Stonehotker, KORY W 

is initially caused by the electrons that 
were ejected outward by the sun's flar- 
ing. These electrons are usually lower 
in energy than protons so they don't 
have the proton's speed, but they are 
more numerous. Being charged parti- 
cles, the electrons are constrained to 
follow the solar magnetic field as they 
leave the sun. They travel with the 
solar wind, increasing its number den- 
sity greatly and its speed a little. Those 

High sunspot coming close enough to the earth's 
magnetic field veer into the polar 

propagation regions along those magnetic field 
part 2 lines. Most of the electrons are high 
Events that originate with solar 
flares cause propagation problems for 
Dxers and ragchewers alike. A 
sequence of events happens after a 
flare. Some (like sudden ionospheric 
disturbance, SID) occur shortly after 
the flare, some (like polar cap absorp- 
tion, PCA) appear several hours later, 
and the final event (fade out) occurs 
from 1 to 3 days following the flare. 
The first two situations and remedies 
for them were discussed last month. 
These events will occur more fre- 
quently with the increased probability 
of large flares as the I I-year solar cycle 
reaches higher sunspot numbers and 
solar flux; be prepared with a remedy. 

Fade out 
Fade out is the most complicated 

and encompassing of  all the 
ionospheric disturbances. It can affect 
propagation paths during the day or 
night, but the effect is worse at night. 
It lasts at least a day or two and is 
generally worldwide in extent, 
although the effects and severity differ 
with latitude and longitude. Fade out 

and weak enough to be fed into the 
geomagnetic field tail, captured, and 
then released at lower latitude into the 
ionospheric F region at night. It takes 
electrons some 1 to 3 days after the 
flare to affect the ionosphere due to 
their lower energy, the long solar path, 
and the delay caused by the earth's 
capturing some to release at night. 

The latitude ion density distribution 
in the F region is normally at its highest 
in the equatorial latitudes from 30 
degrees south to 30 degrees north. 
This is because the lower regions (D 
and E) are where the largest produc- 
tion of latitude ions from sunlight 
exists. When these ions drift to the F 
region up the field lines, the maximum 
density changes from its position along 
the geographic equator to one along 
the geomagnetic equator. The other 
ionospheric production region comes 
from the polar particles. Moving 
slightly toward the equator from the 
auroral zone (an area of no production) 
you'll find the F region trough, partic- 
ularly on winter nights. However, 
when the electrons start coming 

"hard" into the E region or "soft" from 
the tail into the F region, the trough 
widens and moves down even more 
toward the equator. How does this 
affect propagation and DX? The 
propagation paths at midlatitudes in 
east-west directions, like the United 
States to Europe or the Orient, go 
across higher latitudes. When the par- 
ticles arrive, the auroral oval and 
trough come down right across your 
path, and the fade out has hit. Two 
things happen: the increase in the 
number of particles weakens the sig- 
nal trying to get through, and the 
trough's lower density causes a 
decrease in maximum usable fre- 
quency (MUF). These decreases are 
not smooth, but variable (in 
seconds/minutes), and fluctuate over 
the 2 or 3 day period. The one differ- 
ence between SID and fade out is that 
SID has a smoother decrease. The K 
figure broadcast at 18 minutes after 
the hour over radio station WWV is a 
measure of the geomagnetic-field 
ionosphere variations compared to the 
normal 3 hours of the day. It can be 
used to calibrate a path during non- 
disturbed periods which is used, in 
turn, to forecast how bad the propa- 
gation is when a fade out occurs. Fade 
outs from flares are more intense but 
of shorter duration than those from 
thin coronal solar wind increases. 

The weak, variable signal strength 
and decreased MUF are hard to 
remedy. Ordinarily, the weak signal 
remedy for absorption is to increase 
the operating frequency as you would 
in the SID's remedy. But here MUF is 
decreasing on the propagation path, 
which calls for decreased operating 
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2x42 BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN 
DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz 

GAIN: 
VHF - 8.2dB 
UHF - 1 1.5dB 
VSWR - 1 .-1.2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS ' 

UPS SHIPPABLE 

r /  170 

t 

AMATEUR SPECIAL 

1275 NORTH GROVE ST.  
ANAHEIM. CALIF. 92806 
(714) 630-4541 

CAR1.E: NATCO1.GI.Z 
FAX (714) 63(C7024 
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IT'S BIGGER !I IT'S BETTER !! 
AFTER 35 YEARS. NOW IT'S TWO DAYS, AND INDOORS!! 

THE GEORGlALlNA HAMFEST 
THE "OKTOBERFEST" OF HAM RADIO 

THE GEORGIA NATIONAL GUARD ARMORY 
AUGUSTA. GEORGIA 

SATURDAY. OCTOBER 22 AND SUNDAY OCTOBER 23.1988 
9 AM 'TIL 5 PM 9 AM 'TIL 3 PM 

FORUMS: Operation Skywarn by the National Weather Service. 
Reneatel Fomm bv the Georqla Repeater Coordinator. - 
D X I O N ~ .  PIUS More! - 

XYL EVENTS: Free cran claraes 

"' VOLUNTEER EXAMS: Saturday, code at 9 AM; written at lOAM '' 
at hamfest site. Contact NA41 for Into. 

DELICIOUS HOMECOOKED BARBEOUE DINNERS ON PREMISES 
Barbeque. Potato salad. Coleslaw. Roll. Tea 

For more Inlormation contact Jim Abercromble. P.O. Box 5943. Augusta. GA 30906 
Phone 404.790-7802 



1 DOWN EAST MICROWAVE i 
frequency. You can try a combination 
of the two to  determine which part of 
the problem is worse and go from 
there, or try VHF frequencies that may 
be getting through on auroral scatter. 
An alternate route south of the usual 
beam bearing (called side scatter at hf) 
may work, or long-path propagation 
may exist. 

Last-minute forecast 
The lower bands, 30 to 160 meters, 

are expected to be best the first and 
third weeks of October due to a dip in 
solar flux. Lower thunderstorm noise 
and summer absorption in the North- 
ern Hemisphere will make a noticeable 
improvement in these bands. Expect 
some fade out to affect propagation 
during this equinox season around the 
6th. 16th, 22nd, and 28th. The higher 
DX bands should improve the second 
week and be best the third week, as 
the result of a solar flux increase. 
Watch out for flare effects, SID, and 
PCAs during this activity. The Orionids 
meteor shower will be visible from the 
15th to 24th of October, with a maxi- 
mum rate of between 10 to 20 per hour 
on the 20th to  21st of the month. The 
moon is full on the 25th and perigee 
occurs on the 23rd. 

Band-by-band summary 
Ten, 12, 15, and 20 meters will provide 
many openings during the day. As you 
go up in frequency the openings will 
be shorter, centered around noon, and 
mainly towards the south. Twenty 
meters, the mainstay daytime band for 
northerly directions, will be useful 
towards the south in the evenings. 
Transequatorial openings might occur 
in the evening hours to southern loca- 
tions if antenna radiation angles are 
down to 10 degrees. 

Thirty, 40,80, and 160 meters are all 
good for nighttime DX. Thirty and 40 
meters are the night frequencies for 
the east, west, and northerly direc- 
tions, and for distances of 1600 miles. 
Try 80 and 160 if disturbed conditions 
exist. These bands should be getting 
quiet, if fall weather frontal thunder- 
storms are absent. 
Article L HAM RADIO 

MICROWAVE ANTENNAS AND EQUIPMENT 
Loop Ywle. P o w r  Muldsn . Liner  A m p l W n  . Complete 
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A M  $8 UPS SIH $1 I W0rloI  the Mtb~obs#pp~ 

MICROVUVE LINEAR AMPLIFIERS SSB. 
A N .  REPEATER. OSCAR 

2318PA lw ln  1 1 1 - ~ 1 1  1 2 4 0 - 1 3 0 0 ~ ~ ~  13.8V SZ55 
2335 PA IO. ln35w oul 1240-1300 MHz 13.8V $305 
3318PA lwln2Owout OW-930 MHz 13.8V $155 
3335 PA (Ow ln4Ow oul 900.930 MHz 13.W 1305 
23LNA pnamp O.7dB N.F. 1296 MHz S 110 
33LNA preamp 0.9dB N.F. 902 MHz S 110 

raa l-Wn.a 
Yl ld. 2m ",k, -.mn I". I" .Id 

mnmnar.anp 

DOWN EAST MICROVUVE 
Bll l  Olnsn. W3HOT 

Bax2310,RR l.Troy.ME04987 
(207) 948-3741 

I NET-KALL NK-1 
DTMF ALERT DECODER I 

Momentary or lalclic?tl output 
Mult~ple Group-Call response 
H ~ g h  stability xtal controlled SSI-202 
Ideal for an econom~cal alert system 

NK-1K (kit) '34.95 
NK-1 W (WiredlTested) '44.95 

[a) (Add  S2 00 St~lpp,ngiHar~rlirn~ m U s A ,  

MoTron Electronics C~II ro l l - f ree  

645 w 2151 Ave 1-800-338-9058 
Euqene. OR 97405 or 1503) 687-21 18 

HI-PERFORMANCE DIPOLES - - .I. , - , - 1  . -  .L -2 . -7 , .-.. 
*",.""e, ,".I nx.' Cl"lan ."uml*d ,a *nu> rsn,.< I,.. " w"d .dnu "3 * 
m,., .msm ern n.n. .. mw.na v Mlll0"t.l *n OlmlQ wmrl d l W  
mmmnna~ nuab,tv ~ ~ a r n ~ s l s  tmraa ie  UO~CII.~, m l r a ~  h m a n r r r ~  -9" 

Pet-., m r *  uo c. c o o  tu, -- --- -.-- ~- 
*PSI. I O O I D ~ L l O Y ~ . 9 . . l ~ m ~ - d ~ W I I . I O W  SrmODd 
YPat - 4 W  masgntcnn.oc.dlW. I S  lonp MI W.W wd 
WPD.3. IW.m.IMhl.prlm.K.dtPd. 3 1 3 ' 1 W  111 Pod 
I S D I .  I m m  m IS  1 O I  .p.c...nldlwb 73'1- S l l l P P d  
S I O  1. Mra m ?r ?OM W.C. ..-crlwl. . p c l l ? L 4 1 . 1 * 0 5  V S l W P G d  

I IBD,. M I O m  t l Y  .a. r ..... ldlgol..V.c1I"L u.," w ' r  rap* 

ICOM 
IC-781 New Deluxe HF Rlg 
IC-761 Loaded wllh Exlras 
IC-735 Gsn Cvg Xcvr 
IC-751A Gen Cvg Xcvr 
Reelvers 
IC-R7Wo 2513001 MHz R N r  
IC.R71A IM) kHz-30 MHz Rcvr 
VHF 
IC.228NH 
IC.28NH FM Mob,@ 2 5 ~ 1 4 5 ~  
IC.02AT FM HT 
IC.2GAT 2m 7w HT 
IC-900 Six Band Mobile 
UHF 
IC-48A FM Mobile 25w 
IC.04AT FM HT 
IC-4GAT 440MHz HT 
220 MHz 
IC-38A 25w FM Xcvr 
IC-32AT 2mVOcm HT 

Call S 
Call $ 
Call S 
Call $ 

Call S 
Call $ 

Call $ 
Call I 
Call $ 
Call S 
Call 5 

Call $ 
Call $ 
Call $ 

Call $ 
Call $ 

1 KENWOOO I 
HF Equ~pmenl 
TS.940SIAT Gen Cvg XNr  2449 95 Call S 
TS.44OSIAT Gen. Cvg XCVI 1379 95 Call $ 
TS.140S Compacl Gen Cvg I x i ,  92995 Call S 
VHF 
TS-711A All Mode Base 25w 1029.95 
TR-751A All Mode Mobile 25w 649.95 
TM-221A 2m 45w 439 95 
TM-2550A FM Mobile 45W 499 95 
TM-2570A FM MObfle 70w 599 95 
TH.215A 2m HT Has I1 All 379 95 
TH.25AT 5w Pocket HT NEW 349 95 
TM32lA M O c m  FM Mobile 649 95 
UHF 
TM.421A Compact FM 35w 449.95 
TH.45AT 5w Pockel HT NEW 389.95 

Call $ 
Call I 
Call $ 
Call 5 
Call $ 
Call S 
Call f 
Call $ 

Call t 
Call $ 

220 MHz 
TM.3530A FM 220 MHz 25vy 489.95 Call $ 
TM-321A Compacl 25w Moblle 449 95 Call $ 
TH-315A Full Fealured 25w HT 399.95 Call $ 

1 VAESU I 1 HF Equ~pment 
FT.767 GX Gen Cvg XNr 192995 Call S 
FT-757 GX I1 Gen Cva Xcvr 1129 95 Call S 
FT-747 GX New ~ c c n i m ~ c a l  

Performer 
FL-7Wo ism-1M)m AMP 
VHF 
FT-212RH NEW 2m 45w 
FT-7IZRH 70cm 35W 
F T - m R  All Mode Ponable 
m.23 urn MI", HT 
FT-209RH FM Handheld 5w 
VHFlUHF Full Duplex 
FI-736A. New All Mode 

2m170cm 
Dual Bander 
FT-727A 2mVOcm HT 
FT-109RH New HT 

Cell S 
Call 8 

Call S 
Call $ 
Call $ 
Call $ 
Call 5 

Call $ 

Call $ 
Call S 
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Ham Radio's guide to help you find your local i 
California 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

- 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stock~ng all major lines 
Kenwood Yaesu, Encomm, ICOM 

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 COMMUNI- 
CATIONS 
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 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, 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) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

- - - -  - - 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Idaho 
-- - 

ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
P.O. BOX 234 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
- - 

THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 

Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Kantronics. Full 
service dealer. 
M-F 10-7 SAT 9-5 

Massachusetts 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY. MO 64150 
(800)8fi -7323' 
M~ssourr: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

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 Hampshire 

RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunlHolida~s 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for comdete details. 

100 October 1988 



Amateur Radio Dealer 

October 1988 101 

q801 )  373-8425 Box 50362-H. Proto. 1 T 6-1005 J 

r /  169 

v 176 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Au~tna Canada 
Karrn Ueber Send orders la 
Pa~l fach 2454 Ham Red40 Magame 
0.7850 Laerrach Greenvdle. NH OM48 USA 
Weol Germany Prices ~n Canadlao funds 

1 yr $41 85. 2 yrs $74 25 
3 yrs $99 90 

Ham Radlo Belgium 
SlereDhOuse Ham Rsdlo llaly 
Brurselserteenweg 416 VIB Manlago I 5  
8-9218 Gent 1.20134 Mllano 
Belgtum llaty 

Ham ~ s d t o  Japdn 
Ham Radio Holland KalSUml Eleclron8c Co . Lto 

Poslb~s 413 27-5  kega am^ 
NL-7800 A, Emmen 4 Chome. 0la.K" 
Holland T O ~ Y D  Telephone 148. (031 Japan 753.2~05 

Ham Radio Europe 
Ham A& Sw~Tzsrland 

Box 2084 Karm Ueber 

5-194 02 u p p l a ~ s  Va*y ~ $ ~ ~ : ~ ~ ~ c h  
Sweden We*! Germany 

Ham Radko France Ham Radla England 
SM Eleclronlc C/O R S G B 
20 bls. Ave d0S Clarions Lambda Hovro 
F - 8 m O  Auxerre Cranborne Road 
France Polter~ Bar 

Hens ENS 31W 
England 

Ham Karin Raaro Ueber Germany 
Holland  adl lo 

D-7850 Postfa~h Lasrrach 2454 Greenrlde. 143 Greenway Johannesburg 
west Germany Repual~c ot soulh Alrsca 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST, NJ 07071 
201 -939-001 5 
Don WB2GPU 
ARRL, Astatic, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen, RF 
Concepts, Tonna and much, much more! 
Tues-Fri 10 am-7:30 pm 
Thurs 10 am-9:0o pm 
Sat 10 am-4:00 pm 
VlSAlMC 

KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen, Lunar, Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 1001 2 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN 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. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH 44092(ClevelandArea) 
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 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI, OHIO 45209 
(5 13) 53 1-4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AIDA 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 over 30 Years 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
71 3-520-7300 
Christmas?? Now?? 

K COMM dba THE HAM STORE 

5707A MOBUD 
SAN ANTONIO, TX 78238 
51 2-680-61 10 
800-344-31 44 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALEIF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON, TEXAS 77082 
(713) 879-7764 
NOW in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

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 



VHF or UHF fixed stations. It can also be used 
at the repeater site in a half or full duplex mode 
for mobile initiated calls. 

Other features include: mukiidiik DTMF con- 
nect code, activity timers, time out timers, CW 
ID, toll restrict and disconnect override code - 

products all programmath by use of any DTMF telephone 
with a special security access code In addition, 

/continued fmm page 421 remote base station operation is enabled by spe- 
cial security code, repeater logic control is 
provided for making a repeater with autopatch 
capability out of two transceivers, and the unit 
is reverse-patch capable with automatic ringout 
upon receipt of an inbound call. 

Additional information on the 510SA-ll 
autopatch or other CES DTMF microphones, 
interconnects, and accessories is available by 
contacting CES, 931 S. Semoran Boulevard. 

Call channel function. A special memory chan- 
nel for each band stores frequency, offset, 
reverse, and sub-tone of your favorite channel. 

Balance control and separate squelch controls 
for each band. 

Dual watch function allows 144 and 440 MHz 
receive simultaneously. 

Full duplex operation. 
CTCSS encodeldecode selectable from front 

panel main knob or UPIDOWN keys on micro- 
phone. (Includes built-in, optonal TSUB needed 

Suite 218; Winter Park, Florida 32792. 
Circle m5 on Reader Service Card. 

Auto-kall-HF alert 
The MoTron Auto-Kall HF-Alert is a selective 

calling or alerting system designed for use with 
HF SSBICW Amateur Radio. It also works on 
VHFIUHF SSBICW, CB, and marine HFIVHF. 

less than 10 to over 1750 MHz, and from 3.7 to 
4.2 GHz in 5 bands. Frequency readout is shown 
in MHz on a four-digit LCD front panel display. 

The PSA-37D has a built in dc block with + 18 
Vdc for powering LNA's and BDC's, calibrated 
signal strength amplitude display, and internal 
banery with charger. Selectable vertical sensi- 
tivity of either 2 dB or 10 dBlDlV is standard. 
It is banery or line operated. 

For more information write to AVCOM of Vir- 
ginia Incorporated, 500 Southlake Blvd., Rich- 
mond, Virginia 23236 

Circle IJm on Reader Service Card. 

IMCT for XTIAT 
AC3L Software announces its IMCT finterna- 

tional morse code trainer) for XTIAT compati- 
ble computers. The IMCT: 

Is menu driven with adjustable pitch and 
speeds of 1-20 + wpm. 

Has step-by-step beginner instructions - start- 
ing with sound recognition, it works through 
each code character. 

Allows keys to be typed and code heard; the 
keyboard can be used as a straight key. Com- 
puter tests are wnerated either by the computer 
(random) or from ASCII text files which can be 
read by IMCT and sent as entered or in random 
order. . -. . 

for decode. I Has a built-in on-screen ham radio to tune 
Each function key has a unique tone for posi- around and practice copy. 

tive feedback. The IMCT requires DOS 2.1 or later and at 
Handsetlremote control option (RC-10). least 256 K of RAM and sells for $39.95 (ship- - Dual antenna ports. ping included. US funds only1 for a 5 1  14 or 3- 
Programmable memory andband scanning, 112 inch diskene. Pennsylvania residents add 6 

with rnemory channel lock-out and priority watch percent. 
function. For more information contact AC3L Software. 

Dimmer control. Box 7, New Derry, Pennsylvania 15671. 
16 key DTMF mic included. Circle IXY) on Reader Service Cerd. 
Supplied accessories: lakey DTMF hand mic. 

The encoder sends two srrings of at a pre- 
mic hook, mounting bracket, DC cable. 

Tha suggested retail price of the TM-621-A is 
cise, crystal-controlled speed. The decoder 
mutes the speaker until the correct calling Voice box for dx'ers and 

$699.95. 
For information contact your nearest Autho- 

sequence is received. This turns on the internal c ~ n f  esters 
(or externall speaker for an adjustable time 

rized Kenwood Dealer or Kenwood USA Cor- QRZ Industries announces the Voice Box and 

poration, 2201 E. Dominguez Street, Long 
period, sets a red call LED, and enables an alarm the Mini Voice Box, two stand-alone operating 

Beach, California 90810. 
output. There are 225 possible code combina- acessories for DX'ers and contesters. The Voice 
lions. The callingldecoding codes are set via Box digitizes and stores an operator's own nat- 

New CES autpatch with 
repeater controller 

Communications Electronics Specialties, Inc. 
has a new model 510SA-ll telephone autopatch 
for Amateur Radio fixed station and repeater 
applications. The 510SA-ll is a full-featured 
microprocessor-controlled automatic telephone 
interconnect system that can be configured to 
operate in a simplex sampling mode for Amateur 

rotary switches accessible through the front 
panel. 

HF-Alert comes with mobile mounting 
bracket, 117-VAC power supply for base oper- 
ation, and an audio patch cord. Use the built-in 
speaker or an external one. Send the calling sig- 
nal by keying a CW transmitter or placing the 
microphone next to the speaker. 

The HF-Alert is available from MoTron Elec- 
tronics, 695 W. 21st Avenue, Eugene. Oregon 
97405 for $129.95. 

Circle ljOB on Reader Service Card. 

New portable spectrum 
analyzer- PSA-37D 

AVCOM introduces its PSA-3D Portable 
Spectrum Analyzer. Frequency coverage is from 

ural voice. Once stored, a voice message can be 
instantly recalled to call CQ or repeat any other 
phrase. 

You can record a total of 8 different phrases 
and operator voices for a total of 32 seconds. 
A voice message can be played back once at the 
touch of a button ~orfootswitchl, or repeatedly 
with an adjustable pause between messages. If 
a response is received, the Voice Box aborts 
repeated playback until prompted to Start again. 
When a voice message is deleted, the memory 
it used is freed up to record new phrases; all the 
other existing voice messages are preserved. 

The Voice Box uses a 32-kHz sampling rate 
and several filters for high-quality audio. It auto- 
matically keys the PTT line to your transmitter 
or transceiver during playback, and also allows 

lconr~nued on page 1051 
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the 75th anniversary of ARRL 
with a new Handbook! 

1989 marks the 75th anniversary of the founding of the League. 
There's no better way of celebrating this momentous occasion, than 
with the new 1989 ARRL Handbook for the Radio Amateur! 

The 1200-page s~xty-slxth edition contalns over 2100 tables, , - figures and charts. The new Handbook is better than ever wlth 
revlsed information on phase noise measurement, direct frequency - , ,- 
synthasis and spread spectrum communlcatlon techniques. The , 
section on repeaters has been updated including a new CW identifier 
clrcult. You'll flnd new spectrum analyzer and oscilloscope material, , 
as well as several new projects in the test equipment chapter. 

As always, we've added a host of new construction projects to 
this new edit~on. Just some of the new projects ~nclude: A 500-MHz 
frequency counter, 160 through 10 meter legal limit amplifier, simple 
CMOS keyer project, digital audio memory keyerand a V Q  meter for 
measuring coil inductance. 

But that's not all. You'll find many other popular construction 
projects that can be built in a weekend such as power supplies and 1 
VHF/UHF preamps. Forthe more ambitious builderthereare projects 
like the 1.8 MHz QSK transverter (there are VHFIUHF transverter Here Isadescr~ot~on of what ~scov~red  In 
projects too) and there are many amplifier designs to suit your needs 
from HF through microwaves. 

The Handbook has always been famous as a reference for 
component data and you will find an entire chapter devoted to 
everything from transmitting tube and transistor specifications to 
aluminum tubing sizes. Satellite enthusiasts will find that the digital 
TR sequencer will add operating convenience to your station. Of 
course, you'll find the most up-to-date information on digital 
techniques, and the video communications chapter is packed with 
information not only on SSTV, ATV and FAX but Weather FAX as 
well. QRP enthusiasts will find the famous "Cubic incher" transmitter; 
not much bigger are the QRP SWR indicator and QRP Transmatch. 
There is also a VXOcontrolled 6-watt CW transmitter for your 
favorite band between 80and 15 meters. Therearea number of useful 
station accesories that you can build like DTMF encoders and 
decoders, PIN-diode TR switch, digital PEP wattmeter and SWR 
calculator, Transmatches and dummy loads. 

For $21, The ARRL 1989 Handbook for the Radio Amateur, 
remains an exceptional value for a hardcover technical publication. 
The price outside the US is $23. For postage and handling, add $2.00 
(or $3.50 for insured mail or UPS - please specify) 

~. . .- . 
the Handbook: 
The first 5 chaptersserve asan introduction 
and cover: basics of Amateur Radio, electri- 
cal fundamentals, radio design technique 
and language, and solid State fundamentals. 
Vacuum tube principles as they pertain 
primaril~y to high poweramplifierdesignare 
also presented in these introductory 
chapters. There are 12 chapters devoted 
primarily to these radio principles: power 
supplies, audio and video, digital basics, mo- 
dulation and demodulation RF transm~tters. 
receivers, transceivers, repeaters, power 
amplifiers, transmission lines and antenna 
fundamentals. Another 4 chapters cover 
voice, digital, image and special modulation 
techniques. The RF spectrum, propagation 
and space communications are covered in 
2 chapters. The construction and mainte- 
nance section has 12 chapters of useful 
projects ranging from power supplies and 
antennas through digital equipment. You'll 
find up-to-date component data that the 
Handbook is famous for. The final 5 
chapters cover how to obtain your license. 
station design and operation, interference. 
monitoring and direction finding. An 
abbreviations list, huge index and etching 
patterns make up the balance of the book. 

The American Radio Relay League, Inc., 225 Main St., Newington, CT 06111 USA 
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TLN-TIC 

HAM STATION New Dual Band HT 
RX.138-174 MHz 

100 Watts of Economical 
P.0. BOX 6522 Performance 440450 MHz TX-140-150 MHz 

220 N. Fulton Ave. Dual VFO's, 20 Memorles 440450 MHz Full Featured Synthesized 
HF Transcelver 

Full Duplex 8 40 Mem General Coverage Recelver 

Store Hours 1M)w output . SSB, CW, FSK, Optlonal FM 
MON-FRI: 9AM - 6PM 62 Programmable Memories 

SAT: 9AM - 3PM Made In USA 

CENTRAL TIME 
SEND A SELF ADDREBSED STAMPED 

ENVELOPE (SASE) FOR NEW AND USED 
EQUIPMENT SHEETS 

2 Meter Mobile 

25 Watt. 2 Meter FM Mobile 
RCV 138-174 MHz 

(812)4Z?.Oa52 TX 140-150 Mhz 
MONDAY. FRIDAY 20 Memories e QlAeFET Recetve 

- . .  

' Coven, 1 .m 

3rd Class Mail - USA 
. . . . . . . . .  One Year $1 2 .OO 

. . . . . . . .  Two Years $21 .OO 

1st Class Mail 
. . .  One Year - USA $20.00 

Canada B Mexico . . $22.00 

. . .  Foreign - I Year $55.00 
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products 

/continued from page 1021 

normal VOX operation. It has a switchable built- 
in microphone preamp to eccomodate a wide 
variety of microphones and the audio output 
level to the transmitter is continuously adjusta- 
ble. The Voice Box can be powered from a 10 
to lSVdc source. 

The Mini Voice Box has all the features of the 
regular Voice Box except that it has one voice 
message channel with up to 8 seconds of mes- 
sage time. 

The Voice Box and the Mini Voice Box are 
shipped in kit form only. The kits consist of 
assembled, tested, working boards with com- 
plete instructions for installing the board in a 
suitable enclosure. Some standard offboard 
components (pushbunons, toggle switches, 
microphone and power connectors, etc.) are 
required to complete the unit. They are availa- 
ble as an option. 

Due to the cummt RAM shortage, Voice Box 
boards are being shipped without memory. Four 
plug-in 41256 (any speed) RAM chips are 
required to make the Voice Box operational. (The 
Mini Voice Box takes one.) 

The introductory price of the Voice Box kit is 
$95. The Mini Voice Box kit price is $55. The off- 
board components option runs $20 for the Voice 
Box and $10 for the Mini Voice Box. To order 
send check, money order, or C.O.D. to QRZ 
Indusnies, P.O. Box 160, Piedmont, South Cam 
lina 29673. Add $10 for shipping and handling. 
and $5 for C.O.D. orders. South Carolina resi- 
dents add 5 percent sales tax. Please state name 
of publication where seen when placing order 
or requesting information. 

Circle #3l3 on Rwder S.rvlca Card. 

Computerized DXing with 
software for IBM 
PC/XT/AT 

The new MFJ-1288 Gray Line DX Advan- 
tsgelTerminator is a computerized DXing tool 

that predicts DX propagation by giving users 
instant access to Gray Line positions for any 
place in the world, at any time and date from 
1980 to 1999. 

You get a high resolution world map that dis- 
plays the Gray Line as a moving area of day and 
night which changes with time. It shows you the 
moving Gray Line, UTC times, time zones, sun 
position over the earth, and latitudellongitude 
markers. 

You can customize the MFJ-1286 Gray Line 
DX Advantage and display time and location for 
any QTH in the world. Run it by itself or as a 
memory resident program, in conjunction with 
your beam header or other software. It works 
with all graphics: Hercules, CGA, EGA and com- 
posite. 

It comas with three maps: a default Land Mass 
Map, a map that shows the latitudellongitude 
markers, and a third map that displays the divi- 
sion of time zones throughout the world. CGA 
works with the Landmass Map and lets you send 
the display to your printer. 

It also corrects for the northlsouth position 
of the sun and the curvature of the earth, mak- 
ing it perhaps the most accurate Gray Line 
predictor yet. 

Pressing a function key switches the new 
MFJ-1286 Gray Line DX Advantage to a high 
speed display mode. This lets you watch solar 
and Gray line positions change in increments of 
2 minutes, 6 minutes, 1 hour, 1 day, or 1 week. 
You can also pause the high speed display to 
study a position. 

The MFJ-1286 m i l s  for $29.95 and is availa- 
ble from any MFJ dealer or direct from MFJ 
Enterprises Inc. 

For more information contact MFJ Enter- 
prises, Inc.. P.O. Box 494, Mississippi State, 
Mississippi 39762. 

Circle #3l4 on R w d u  Sorvlce Card. 

Universal M-MOO: new 
communications terminal 

Universal Shortwave offers an exciting new 
product - the Universal M-7000 military-grade 
communications terminal. This self-contained 
device connects to the audio output of any qual- 
ity communiunions recab.  Output is to a video 

lconrinued on pew 1061 
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monitor (serial and parallel printer ports are also 
provided). The M-7000 decodes and displays all 
standard transmission modes: Morse code. 
Baudot, ASCII, Packet and Sitor A and B. Less 
common modes such as bit-invened Baudot, 
high speed ASCII, ARQ-Moore (TDM), and Fre- 
quency Division Multiplex (FDM-VFTI ere also 
supported. Other special display modes include 
Russian Third Shin Cyrillic, Literal, and Databit 
mode. The M-7000 also prints high 
quality facsimile IFAX) images to the parallel 
printer port. 

Microprocessor controlled, switched capaci- 
tor filters comprise the prefiltars, the channel 
filters, and the post detection low pass filter. 

The M-7000 offers advanced monitoring fea- 
tures including: diversity inputs, split screen 
ARQ, remote terminal control, speed readout, 
screen saver, screen print, ten memories, Sel- 
Cals, auto-start, and screen print. Automatic fil- 
ter tuning and auto-tune features provide semi- 
automated operation for maximum convenience. 

The M-7000 is manufactured in Englewood. 
Florida by Digital Electronic Systems. Available 
factory installed options include a Real Time 
Clock and a Video FAX option. The M-7000 is 
available from stock at Universal and other 
selected dealers. 

For additional information contact Universal 
Shortwave Radio, 1280 Aida Drive, Reynolds- 
burg, Ohio 43068. 

Circle 1315 on Reader Sarvlcm Card. 

New personal-scanning 
receiver offers 100 chan- 
nels and all-band coverage 

AOR, Ltd. has introduced of a new 103- 
channel hand-held receiver that offers complete 
public service band coverage. 

The new radio measures 5 3 1 4 " ~  2-118"~ 1- 
314". The receiver's frequency coverage is: 
27-54 MHz, 108-174 MHz, W 5 1 2  MHz, and 
830950 MHz. This allows coverage of all the 
police, fire and emergency bands, plus the new 
services now available above 800 MHz in 12.5, 
25, and 30 kHz increments. 

At 12 ounces total weight the model AR900 
can be carried in a pocket, with the standard belt 
clip, or in an optional leather c a w  case. 

Twenty-five front panel keys allow prograrn- 
ming of fm banks of 20 channek. Pairs of upper 
and lower limits for bands to be searched can 
be stored in 5 separate search memory bcations. 
Information is stored in three permanent mem- 
ories, which never lose program information 
should the batteries be disconnected. Extra fea- 
tures include f im channel priority. keyboard lock- 
out, BNC antenna connector, and a blue-green 
display backlight for night use. The LCD display 
offers 22 separate prompting annunciators. 

The suggested retail price is $299. This 
includes a 450 MAH rechargeable battery, ac 
chargarladaptor, two antennas, and a stainless 
steel belt clip. 

For further information contact ACE Commu- 
nications, Monitor Diivision, 10707 East 106th 
Street, Indianapolis, Indiana 46256. 

Circle 1318 on Reader Sewlca Card. 

Telephone repeater 
Engineering Consulting's "Connect-A-Call" (a 

telephone repeater) that is a cartridge for the 
Commodore (C-64, C-64C. C-128) computer. 
The canridge works in three modes. 

Mode I 1  allows a- to your Watts line from 
any phone - including cellular. It has multiiuser 
options with multiple access codes and a log- 
ging option to provide usage time, and number 
dialed. 

Mode D2 connects incoming calls to other tel- 
ephone numbers if there is no answer after a 
preset number of rings. It can be remotely 
reprogrammed to change message, ring count, 
access codes, and delays. 

Mode W re-directs incoming calls manually or 
automatically via access code, to as many as 
1000 numbers. 

The telephone repeater is dual arnpl i i i ,  and 
is powered by the computer. Connect-A-Call is 
available for $399.95 from Engineering Consult- 
ing. 583 Candlewood St. Brea, CA 92621 

New database provides 
high-speed device selection 

Motorola has introduced the Motorola Dam 
Disk: Discrete Semiinductor Version. Thii IBM 
PC-compatible (384K RAM required) high- 
performance database permits rapid automated 
search and selection of Motorola's entire discrete 
semiconductor portfolio. The high-density selec- 
tor guide contains 58 product categories with 
technical information for over 7,200 devices, 
20,000 cross references, over 200 standard pack- 
age types. and 130,000 parameters. It supporta 
both part number and parametric searches. 

The Discrete Data Disk provides Sales Office 
and Distributor information for hundreds of 
Motorola worldwide locations, support for fm 
languages. user color suppon (including mon- 
ochrome), a printer utTq, help screens, an infor- 
mation request form, and "man" message 
lines. The disk also includes toggles allowing 
selection across surface mount devices only, 
military devices only, or surface mount military 
devices only. The message lines use the 
"progressive disclosure" technique eliminating 
the need for a user's manual. 

Wthin the next year, the capabilities of the 
Data Disk will be expanded to include paramet- 
ric informatbn for all 30,000plus Motorola Semii 
conductor products (ICs as well as Discretes), 
complete with cross references and prices. 

Copies of the Motorola Diirete Semiconduc- 
tor Data Disk are available for $2.00 each by 
requesting DKlOllD REV 1 from the Motorola 
Semiconductor Literature Distribution Center, 
P.O. Box 20912 Phoenix, Arizona 85036. The 
Data Disk is also available to Motorola customers 
through their local Motorola Semiconductor 
Sales Offices. 

Circle 1317 on Reader Sarvlce Card. 
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I KIT, ONLY $675 
I WIRED $975 
' VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE1 GaAsFET front end on vhf 

models gives 1266 SlNADof 0.12uV(vhf). 0.15uV(220). UHFmodel 
0.25uV std. 0.1uV with optional helical resonator preamp. 
*SELECTIVITY THAT CAN'T BE BEAT! Both 8.pole xtal filter & 
ceramic f~lter for > lO8dB at  only + 12kHz. Helical resonator front 
end to combat desense & intermod. 
=CLEAN. STABLE TRANSMITTER, up to 18W output standard: 50W 
w~th  accessory power amplifier. 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, field-programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans- 
mitters (all standard features). 
*Full range of optlons available, such as autopatch, phone line or 
radio remote control, sub-audible tones, duplexers. 

*FM EXCITI 
Kits $99. M 

~ - 

ERS: 
llt $179. 2W 

conrlnuous duty. TCXO & 
xtal oven options available. 
*TA51 for lOM, 6M, 2M. 
158-174,220 MHz. 
*TA451 for uhf. 
FCC type accepted for commercial bands. 
*Call for latest information on 900 MHz transmitters. 
*VHF & UHF AMPUflERS. For FM. SSB. ATV. Output from 10  
to 50 Watts. Several models. kitsstarting at $79. 

*R144/R220 FM RECEIVERS for 2M. 
150-174. or 220 MHz. GaAs FET 
front end. 0.12uV sensitivity! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > l00dB at * 12kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drifting transmitters. 
Kit $149. wlt $229. 
eR451 UHF FM RCVR. Similar to above. Tuned line front end, 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wlt $229. 
.R901 FM RCVR FOR 900  MHz. Triple-conversion, GaAs FET front 
end. 0.2uV sens. Kit $169. wlt $259. 
.R76 ECONOMY VHF FM RCVR for 10M. 6M, 2M. 220. Without he1 
resorafc. Kitsonly $129. 
*Weather satellite & AM Aircraft recelvm a l w  &ail. 

FCC TYPE-ACCEPTED TRANSMITTERS 6 RECEIVERS AVAILABLE 
FOR HICH.BAN0 AN0 UHF. CALL FOR DETAILS. 

LNG I(*) 
GaAs FET 
PREAMP 

ONLY $59! 
WlredMested 

You ve watted a long tlrne for a 
slrnple. rel~able, low-cost 9600 
baud PACKET NETWORKING 
system. Now you ve got ltt Our 
new MO-96 MODEM and dtrect 
FSK Transm~tters and Recetvers 
for 220 or 440 MHz interface 
dlrectly w ~ t h  most TNC's Fast 
dlode sw~tched PA'S Output 15 
or 50W. Call for wmslete Info 

FEATURES: 
on the r ight system for your 
appllcatlon. 

.Very Low Nolre: 0 7dB VHF. 0 8dB UHF 
*High Gain: 13.2060, depending on frequency 
*Wide D y m k  Range: toreslst overload .----L 
*Stable: new.type dual-gate GaAs FET 

Speclty runtng range desned. 26.30. 4656. 
137.150, 150~172. 210-230. 400.470. or 
800-960 MHz. 

I 
.COR-3 Klt. ~ o n t r 7 c k t s  and i NW I(*) audio mixers needed to make a 
repeater. Tail & tlrne-out timers. ' 
local spkr ampl, courtesy beep 1 
. . . . . . . . . . . . . . . . . . . . . . . .  GaAs FET $49 

PREAMP *CWlD Kit. Field programmable, 
. . . . . . . .  timers. the works $59 ' 

$39 w1rednerted 
GaAs FET heamp 
simllar lo LNG, except deslgned for low coat 
6 small dze. Only 518'W x 1.518'L x 314"H. 
Easlly mounts in many radlos. 

Speclty runmng range derrree 25.35. 35.55. 
55.90. 90-120. 120.150. 150.200. 200.270. 
0,400-500 MHz. 

. T D - 2  D T M F  DECODER1 
CONTROLLER Kit. Full 16dlgits. 
sw~tches 5 functions, toll call 
restrlctor, programmable, much 
more. Great for selective calling 
too! . . . . . . . . . . . . . . . . . . . .  $79 
.AP-3 AUTOPATCH Kit. Use 
with above for repeater auto- 
patch. Reverse patch and phone 

. . .  line remote control std. $79 
*AP-2 SIMPLEX AUTOPATCH 
TlMlNa BOARD Kit. Use with ~~ ~ ~ 

above for slrnplex autopatch 
. . . . . . . . . . . . . . . . . . . . . . .  $39 
. M O - 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1200 baud d ig i ta l  s ignals 
through any fm transmitter with 
ful l  handshakes. Radio link 
computers, telemetry gear. 
etc. . . . . . . . . . . . . . . . . . . . .  $39 
* D E - 2 0 2  F S K  D A T A  - -  

GaAs FET Preamp with features similar to LNG DEMODULATOR Kit for rcvr end 
. . . . . . . . . . . . . . . . . .  sertes, except autoMUcally swltchss out of of ltnk $39 

line during bantmn. Use w~th base or moblle 1)*. , , .J , . 
transce~vers up to 25W. ,- 

d 
.&,)U<' 

*Spectry runrng range desrred. 120.1 75. ,. .",c""o Re,-#.". 

200-240. or 400.5W MHz P. ; 'C~~ , m w t ~ . q *  o " t ~ c  
% 3" 19 ,.A ,A* . . . . . . .  

50 14 8.4 118 

VHF 1% (18 211 10 

. . 1.4 1.6 21IW 
MODELS .AS , A ,  m 3 0  

h 1 nit*nthcm 159 MBX.. l a l O  

xctlcrsclv $3 z::::: zg 
Low n01Se preamps wlth hel~cal resonators WlrMrrcaw $89 1 n r r .  2810 

mduce Intermod 6 cmss-band interference In UHF MODELS :=: ;;; 
cr~t~cal appl~cattons I(lf.(lhCas %9 a,,.3e ,.a 

MODEL HRAi* ) ,  $49 vhf, $84 uhf nlllarCalc $49 4 3 2 l 3 8  w w  
WlrMllCaK $% 2y9i: ,,:::: 

spmfy runtng range desired. 143-1 50. 150. 
W1 P I 1  43-W 

158. 158.162, 162-1 74. 213.233. 420.450. Ssscatabglw MlllnOoI2w IR(MII~IW 

450465. or 465-475 MHz. comsncrr for vh/& uhl Hlls mh $79. 
L l ~ a r ~ m p N / l s r r a v ~ l l .  up to 50 1. 



- ------- - - -- - -- -- 1 8012 CONSER BOX 4327 
OVERLAND PARK, KANSAS 66: 

UY - 
JDS h 

- SEI 
IEW A 

TRA 
lECOl 

EVERY DAY A HAMP ts I m 
LDE 
JDlTlr I 

WE'LL BUY YOU~EXTRA RIG 
S 

Cal 

'ES E'I rc. 
DO 

,e1----11111~~~..II~----I~~~IIIIIIIIII-I-m-I.II-. * 
! THROW AWAY YOUR FALCON CATALOGS : m 
I Falcon Communications, I 
I THE source forquality, I 
I 0.  
I 
I 

/mericanmade, M O S  
FET and bipolar repeater. 

I i  I base station and mobile 
1 power amplifiers an- 

I .  , i , , nouncesamaiorredesign I I 
-- ' of our line. 

; J Send for inforrnatlon on 
I our models 8151, 8152, 

"53, 8162, 8163, '71 
I 

I I 
I 

j 8172, 8181, 8182, 8183, 
I 

I I 
I 8184, 8251, 8252, 8253, I 
I 8261, 8262, 8271, 8272 I 
I I 
I I 

I 
I F-N' P . 0 . k ~  8979 N e w p r l  Beach. CA W658 

I COMMUNICATIONS 
I 

C (71 4) 760-3822 ; 
* ~ - ~ - - ~ ~ ~ ~ ~ ~ - l - r - r - - - - ~ ~ r - - - ~ - r - - - r - - - - - - - - - - - ~ -  

Please send all reader lnqvlrles directly. - 

SPECIAL PURCHASE 
FROM THE PUBLISHER 
ALLOWS US TO 
SLASH THE PRICES 
ON THESE BOOKS 

PROGRAMMING FOR THE TI-59 AND 
HP-41 CALCULATORS 
by Paul Garrlson 
To lake lull advantage 01 your hand-held calculator's 
power you need lo learn how to program 11 Clear 
easy to understand ~nstructlons make programmlng a 
snap1 Over hall the book has practical programmlng 
appllcatlons that will solve some very complex 
problems 1982 294 pages 
l T-1442 Was S12 95 SAVE l Sonbound W.85 

SOFWARE FOR AMATEUR RADIO 
by Joe Kasser, G3ZCZ 
Packed w~lh  praclrcal computer applications and 
tested and de-bugged programs that can be slmply 
adapted to almost any mlwocomputer Includes BAS. 
IC programmlng concepts as well as how lo Inter- 
lace your computer to your radlo, drgital 
communlcatlons and more ., 1984, 284 pages. 

7-1560 Was $15 95 SAVE $11 00 Softbound $4.95 

MICROCOMPUTERS IN AMATEUR RADIO 
by Joe Kasser. C3ZCZ 
Computers can be used in a number ol  different 
ways In your Ham shack. They can be used to con- 
trol your rig, predict propagation, control antennas 
and hundreds of other applications. Kasser explores 
the poss~bilhties in th~s book. Includes Interface 110 
devices. system categories. rogramming the micro- 
computer and much more. treat read~ng. '' 1981. 
307 pages 
i 17-1305 Was $15.95 SAVE $4.95 Sofmound $4.95 

BUY ALL 3 SPECIAL 
$44.85 VALUE at retail 

OT-SPB $10.95 
SAVE $33.90 WOW What a Deallll 

Please enclose a.50 shipping and handltng 

BOOKSTORE- . . 
Greenville. NH 
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PI NETWORK 
CAPACITOR EQUATIONS 

Mason A. Logan, K4MT, 1607 Monmouth gives you a measure of control over the design. Q3dB is 
Drive, Sun City Center, Florida 33570 always less than one-half of Qo. Equations relating the 

above four factors are the subject of this article. Their 

Self-sufficient 
equations use no 
intermediate steps 

T he versatile Pi  network couples transmitter 
output stages toantennas while acting not only 
as a transformer, but as a filter and antenna 

tuner. It is a "conjugate impedance" network.' The first 
step for determining the network frequency response 
and the limits of the antenna tuning range (for either 
analysis or design) requires equations for each of the 
reactive elements. There are many articles on Pi net- 
works with various procedures for determining the 
required network Two new equations 
presented here for the shunt capacitors are self- 
sufficient and use no intermediate steps or square root 
factors. 

Pi network circuit 
Figure 1 is an apparatus diagram for a Pi network. It 

shows the terminationsand reactive elements, with defi- 
nitions for the resonant frequency impedances of each. 
Figure 2 shows these impedances in a circuit with a 
resistive match to the transmitter and load resistances. 
Definitions are included for capacitor element Q's and 
the "operating Q" to aid in circuit analysis. 

There are three reactive elements, a series inductor 
and two shunt capacitors. As stated above, the circuit 
is a conjugate impedance network. At the resonantfre- 
quency, the resistive transmitter output stage and the 
equivalent parallel resistance of the antenna load are 
exactly matched by the network's terminal impedance, 
as shown in fig. 1. 

The application of the conjugate impedance condition 
to the general circuit equations results in the develop- 
ment of a fourth factor, the operating Q. Choosing this 

derivation is given in the appendix. 

The three equations 
There are three equations, two of them new. The 

known equation2e3 contains the dependency between 
Q0 and the inductive reactance XL. This third equation 
can be arranged as a solution for either Q0 or XL; each 
depends on the other. Given (20, there is only one induc- 
tive reactance XL that goes with it, and vice versa. It 
should be obvious which of the two arrangements to 
use. The known equation plusthe two otherscomplete 
the set of equations to be calculated. 

L I 
1, RESONANT FREOUENCY 
X 2  ' / / I 2  . I, CZJ XI .I/12 .lo CII 

XL -2.10 L ALSO RZ ,  RI  

rTm 
T 

Pi-network apparatus diagram. 

TRANSMITTER 

I BY OEFlNlTlON 14T RESONANCE) 
0 2 .  R z / X z  0 1  .RI  / X I  

OPERITING D ~ 0 0 . 0 1 t  01 I 
Pi-network circuit schematic. 

I - C c r  
4- L o a o  LOAD 

CAPACITOR CAPACITOR 1 L 
INDUCTOR 

7f :iNE 

First choose either Qo or XL; then calculate the other. 
If XL is given: 

- 
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If is given: Divide both sides of eqn. 5 by R1 and both sides of eqn. - - 

Qo (Rl + Rz) + 2dRlR2 Qo2 - (R2" RlP 
6 by Rp. Invert both and use the definition of Q1 and Q2 

XL = (2) to obtain: 
Qo2 + 4 R1 + J R ~ R ~  - XL2 

Ql = 
XL 

(7) 
With Qo and XL established, the two new symmetrical 
capacitor equations are: R2 + dR1R2 - XL2 
Load : Q2 = 

XL 
(81 

XI = 
2Rl 
(R2 - R11 

(31 

PO- XL The sum of eqns. 7 and 8 is Qo, agreeing with eqn. 1 
given earlier. The difference is the compact equation: 

Tune: R2 - RI 
2R2 Q2 - Qi = xL (9) 

x2 = 
(R2 - Rl) 

(41 

+ XL Adding and subtracting this to the equation QJ = Q1 + 
Qp gives: 

With nominal conditions, 00 would be chosen some- 
where between 10and 20. This callsfor the use of eqn. QI =-jQo- R 2 ~ R f )  (101 2 to determine the associated inductive reactance XL. 
The load capacitor XI and the tune capacitor Xp follow. 

For another circuit (some other load condition, for 
instance) XL is now fixed and you'll need to determine Q.2 = $60 - (11) 
the changed 00. Equation 1 is indicated in this situa- 
tion. 

For either circumstance, with a paired Q0 and XL 
defined, eqns. 3 and 4 directly determine XI and Xp for 
the two capacitors. 

For example, assume the transmitter R2 is 5000 ohms, 
theantenna 50 ohms, and that a Qo of 15 has been cho- 
sen. Then: 
Qo = 15 
XL = 379.99 ohms 
XI = 50.67 ohms 
X2 = 356.80 ohms 

Suppose that the load R1 is changed to 100 ohms with 
a SWR of 2, and that XLjust determined is fixed. Then: 
XL = 379.99 ohms 
Qo = 16.56 
XI = 54.57 ohms 
Xp = 339.50ohms 

There is only about a 6-percent change in the calcu- 
lated factors when the load is resistive; for reactive loads 
the change is greater.2 
Appendix 

Derivation of the new equations for the two capaci- 
tors in the Pi network begins with two known 
 equation^^,^. These equations have the disadvantage of 
using square roots: 

Finally, inserting the definitions of Q1 and Qp in terms 
of their impedances, the capacitative reactances at the 
resonant frequency are: 
Load: 

Tune: 

completing the derivation of the new pair of equations. 
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MODEL F012.144 

:" 
l L l C r l l C l l  I P 6 C e r . W .  

Ol ,n  11601U 
f P I . ~ ~ . ~ - s I *  2 %  riw 
*Plm m.m*.n,n I r -8 l w 
SldsW* .ll.",..1m. 

I., r Pmt" I0.R 
I.," PI.". 1,SS 

na ..to 27 08 
Y B W l  ? , , I  

YC*"UC.L ..Ec!rIc.mII 
L.*" I , "  4 , "  
w ,m  ."-.I 110. UP" 

c.3.. con-"" * I r n  

Jf U.3, "0 m l -r 
Sf34 95 sr- ,nruunr. uv nuuamt 

C4.c. I*#<* 
Y.,"r*. .I+* N101.l. 

,..'4( Y m.3 

I*-"?. , . l u n n v n  lrn 

ALSO AVAILABLE 
FO.lb.220. F022-432. F025.432 and F0.33.432 
STACKING FA.4MES POWER DIVIDERS 

.~ ............ 
We WW? (mu luld lo l e d  wns lot mb km3a bulWl 
D.I.," m.u~~Dlsst~i~m PI.,@ L-W, wixm s ~ a m ~ . ~ ~ s t w ~ r n  
4 M  f6 UPS Y* 00, ,.wm or MI, 0, *n,annar 

yl west Ol UIU.IIW 

PA t .wm,r  .dd * aam u*r I.. 

RUTLAND ARRAYS 
1703 Warren Slmel  . New Cumberland PA 17070 

(717) 774-5298 7-10 P.M. E S ~  
Dealer rnqurrtes rnvrred 

MODEL 
SG.1WF 

MAOE IN 
USA 

C(29.95 
dsllrsrad 

CUSTOM MIDE EYWOERm PATQYS. A"" pn. dupe. 
colors FIM patch manmum Ftw sample. prom and aderong 
m l m l a n  HEIN SPECIALTIES lw Dm1 3J1 4202 N Dsars. 
Ch8esoo IL 60618 

RECONDITIONED TEST EOUIPMENT $1.26 for catalog. 
Wallet. 2897 Nockd. San Pablo, CA 94808. Covers 100 MHz to 199.999 MHz in 

1 kHz steps with thumbwheel dial 
Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ I/z Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM. and a precision 120 dB altenuator 

Call or write for details Phone in your 
order for fast COO shipment. 

COMING EVENTS 
Activities - "Places to go . . ." 

CONNECTICUT: Nawmber 13. Southcentral Conn. ARA's 
Hamlest. North Haren Park and Rsc. Csnta. Linday Stran. 
Nonh Haven. 9 AM lo  3 PM. Talk in on 146.01101. FM infor- 
matan contam Brad Oasneicha. WAITAS 12881 BE4478 horn 
7-10 PM. Wheelchen eccsssiMe. - 
TENNESSEE: Octoba 2P3 l  The IOm m w l  H m f m  C b t -  
lanowe Amateur Rada and C m p v t u  Con-". South Hall 
o l  the Chanan-a.Hmlton Counw C O ~ M ~ I D "  and Trade 
Canler Free sdm~uum All lndmn Conwnanl parkong and 
lodglng Tslk m on 148 19179 For lnformstlon mne Hamlest 
Chsnanms. POB 3377. Chenanwa. TN 37404 

VANGUARDLABS 
196-23 Jamalca Ave.. Hollis, NY 11423 
Phone: (718) 468-2720 Mon. l h ~  Thu. NEW HAMPSHIRE: Onobar 8. The HDMIsdas will hold Wi 

Fall Tadgate Swapfm a1 the fairground$ on Routa 125 in King- 
=Ion. NH Adrnlsston $5 per psmn. no extra charge for s a l h  
M cOmmerc8el types. Profns benefit Shriners' Horpilsb. Our 
Sptng 193  donatan wa 617.056.0J Ousstiom SASE lo  N m .  
WAIIVB. RFO Box m, West Baldwin. ME -1 

5-1 000 MHZ PREAMPLIFIERS 
NF G P(1dB) S 

WLA2lm 3dB 13dB 8dBm 57 
WLA22m4 11 12 61 
WLA23m 4 23 12 87 
WLA24m 3 20 18 109 

430150MHZ CONVERTER 
RCX431 .15pV 20dB 99 

.-m 

W U Y  TECHNOLOGY, Div. of 

WICOMM ELECTRONICS INC. 
PO Box 5174. MASSENA. N Y 13662 

(315) 769-8334 

OPERATING EVENTS 
"Things to do . . ." 

mll run a lpecal e m 1  s t a l ~ n . ~ ~ ~ ~  hm the Whole 
Enchalada F m a  m -as Crucaa NM 1600 UTC l o  m0 UTC 
SSB CW and Psckm on VHF Frsa 28 386 as rrsl as orha 
HF bands. For a catif#catarend 01.W and OSL lo  The Billy the 
Ktd Chapter of Ten-Ten Inlanational, POB 274. Fairacres. NM 
88033. For more onformnlion contact Gary Msyfald. KAOYOS 
at 1505678-96231dsvs on 15051 523 895Bleven1ngsar wrlce OSL 
address. 

SIIEO" ,es1\ng a, conneclo, Ilanwl 
resulls #n a ruggedllsd vnll lor all 
array ~n(ilallaf~ont Austlable ullh 
N-~YLC connectora only. these 
un81~  818 uncond~t~onally puaran- 
feed lor 2 yealo OCTOBER 8-W The Fm Smith IMnrsll A m  ARC d aar- 

ace -la1 smm n a ~ n  WSANR an conlunoon wnh lh. 2nd 
anna l  Grim Counr* Swghum F ~ n w s l t o  ba held on Poceau. 
OK 160321002 O n  9 Send 0s- and SASE lo  FSAARC. 
WSANR Bol  J2 Fat  Smith, AR 7BXXXX2 

YODEL 
104.2P 
144.4P 
220.2P 
220.4P 
430.2P 
430-4P 
802.2P 
802-4P 

1296.2P 
l2964P 

PRICE 
WM) 
$61 W 
$53 W 
$60W 
$51 00 
$59 W 
$51 W 
$59 00 
$52 00 
$60 00 

OCTOBER 8-0: The mnon ARC will ~paats a qmcbl own1 
Ration from the Conon Gin at the himwic Prallns Mill during 
the Fall Country Fair and C r a b  Show. Contacts ~ n d  SASE 
for a p~cture p ~ n c ~ r d  01 the Mill ID DARCI. PO0 143. Dalton. 
GA 30722-0143. 

OCTG0ER 10: Tha Chlmm Amwur Radb Club. W F .  wsl 
hold O d  Tm- Cuy' ind Rsvnon ol  pM m b s n  and 
hsnd.i b a t h  Pack MI- =IN PUWI. Ch- 1 PM lo  
5 PM Fut ~ w l a m e t o l ~  call 13121 Y5Jm 

S T R I D S B E R F  ENGINEERING. CO. 
# PO 00x7973. ShrasWrt.lA71107. USA 

Phone 13181 865.0523 a? I OCTOBER 1610: The Raldah ARSwill mms W40W hwn 
M w n t  Mnchdl Stale Park 6 a t h   carol,^. Ib hghom pant 
eamol Ine M-dppl 80.15 Ganusl phonsbnd. and 10 hlav 
r e  seamen! For a -*I OSL rn OSL and SASE lo W4DW 
specoil Evenl.  sleigh ARS. B o l  17124. Rslsgh. NC 27609. 

OCTOBER 21.23: The Ouinnipiac Council of the Boy Scout. 
will operare WIGB from 23592 O n  21 lo  l smZ Om 23 hom the 
Banlaihlp Maurachums an Fell R im.  Mass. during tha 
Jamboree-on-the-Air. Phone Gemnal pation 8 0 - t h .  Novice 
113". CW M i  40 end 1% Norice bands. SASE for -ial OSL 
10 Skap Pequene. KAIEAJ. 121 W a l  Dsylon Hill Rd. Wsllmg- 
ford. CT OM92 

- 

T 

I' 
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AMATEUR RADIO MAIL LISTS 
Self-slick 1x3 labels 

*** NEWLY LICENCED HAMS **' 
*** ALL NEW UPGRADES *** 
*** UPDATED EACH WEEK **' 

Total List = 462.728 (ZIP sorted) 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mlneral. Vlrglnla 231 17 

703-894-5777 
\ 800-282-5628 1 

., - 

ELlMlNATES RF INTERFERENCE IN: T V  bcm, 
Rdia ,  HI-FI PA ryslcms, Tclcphoncq VCRs, Tesl 
cquipmcni BU; ar ~d Fuc .lamyModcms, MOni lo r~ .  
~ o r n ~ u t c ~  H a t o  4 Tv at at ion^ ctc. 
M Y  M USE: fils w c r  and snap 0 0 1 0 1 ~  I 
ri*n y b k s .  No .,ad l o  rcwirc w m o r r .  %q$ 
lpLl lcnt tc  core dcstgn 615 u p  Lo RGHU w a x  cablu. 
WORKS IN 'COMMON MODE', fdlcrs m r c a l  in- 
d u d  in tbc braid of  rhicldcd wbla and ground wires1 

S&I Lrrlb maLlhl t ( l d v c  0 3  - 209 MHz. 
DOES NOTVOID IIOUIFMENT WAR- 

- 

0ctob.r 30: G r o n n  Mil. NJ. Tho GE Mm Specs W i n  
ARCwi1lmaasWBZ)OR. l l O m O n ~ t o ~ O n 3 1 . f m n  
the sile oi ih i  f i m  ~ s n l a n  landing lo  canmamwsla tha SOrh 
annkmary of O m  WdW M a a r y  Thaalra "WM of the 
Worlds" radio brosdcmt dspicting the invasoon of Ewlh by 
p s ~ r a t l h a n ~ ~ M s r r . C W 3 . 5 3 6 . 7 0 3 6 . 7 . 1 3 6 , 1 4 . m 5 .  
21.135, 28.135MHr. Phona3.950. 7.235. 14.285.21.356.28.bVl 
MHz. For OSL and cmifbcals send OSL and 9x12 endope to 
Alax Momare. KANLP. M r o  Radii Club. MS 41018. GE Aststro 
Space DIYISIO~. POB Ba). Princeton. NJ 085630800. 

THE MIT UHF REPEATER AssoclAnm and the MIT ~ a d b  
Socafydta monlhk HAM EXAMS. All clsger Novb to Dms. 
Wednssday, October 19. 7 PM. MIT Rmm 1-150.77 M- Avb  
me. Cambridge. MA. Reamtonsrsqusned 2dsys in advance. 
C o n m  Ran H o h m  a! 16171 4862098 h Iss 54.50. Brim 
a copy of your current l icmw lif snyl. two forms of picture ID. 
and s completed form 610 avaclsble from the FCC an Ouincy. 
MA 16171 7704023 

or order 

computeradio $12.99 
Tcl: (201) Z70712 
S n d  pnmd chtck mLh ado, wr shtp sunr duv Fml 
Clarr JC& m e y  b a d  boc~lv. Omnfl ry ducc81nls 

fl 1m 
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Tom Mc Mullen, W1 

I I O l T b  AUDIO OAT4 
PULSES TONES PULSES 

Modems and RS-232 n n ~ - ~  /vv\ m 
Let's take another look at modems 
and also at RS-232, which is 
associated with computers, modems, 
and packet radio. 

What is a modem? 
Modem is a contraction of the 

words Modulator/ DEModulator, and 
it refers to a device that goes between 
a terminal (personal computer, key- 
board, "dumb" terminal, etc.) and a 
radio transmitter/receiver. Before we 
get into the specifics of a modem's use 
with radios, let's look at another, 
earlier use of the device. 

A simple communications circuit 
using data terminals and modems is 
shown in fig. 1. Modems are required 
because data pulses don't take kindly 
to cables that are longer than a few 
feet. The capacitance of such cables 
is placed effectively across the output 
of the terminals; this tends to distort 
the pulses and make them ineffective 
as signals between computers. 

The modems overcome this limita- 
tion by translating the pulses into audio 
tones that aren't distorted by the long 
lines. Depending upon the transmis- 
sion speed, the tone frequency 
changes according to the data pulse 
fed to the modem. When the pulse is 
at its low or zero state, the tone has 

PERSONAL 
COMPUTER 
OR 
TERMlN4L 

PEI(S0N.L 
COMPUTER 
OR 
TERMINAL 

- -  - - - - - - -  - 

A data-communications circuit that uses modems and a telephone line. The modems cre- 
ate and decode tones that are within the normal voice band of frequencies acceptable by 
the telephone system. 

one frequency; when the pulse 
changes to its high or 1 state, the fre- 
quency changes to something else. 
The difference between these two 
tones is called the "shift." There's 
nothing here that hasn't been done 
with RTTY, but computers do it faster. 

This basic audio-frequency shift sys- 
tem is in common use at transmission 
rates up to perhaps 1200 bauds. At 
higher rates, another scheme called 
phase-shift keying is sometimes used. 
Here, the audio frequency does not 
shift, but the phase is shifted accord- 
ing to the state of the data pulse. 
Some advanced high-speed circuits 
use a mixture of both audio and phase- 
shift keying. 

On a circuit that you might use to 
talk to another computer via your tele- 
phone lines, 300 or 1200 baud would 
be a common speed. Your terminal 
sends a stream of pulses to the 

modem. The modem then translates 
them into a tone that changes fre- 
quency in step with the pulses and 
feeds them into the telphone system. 
The telephone network treats the 
tones as if they were a voice and sends 
them to the modem at the other end. 
The receiving modem performs a 
reverse translation, detecting the shift 
in the tone frequencies and turning it 
into pulses just like the ones your ter- 
minal generated. These pulses are sent 
to the other terminal and interpreted 
as letters, numbers, or commands. 

There are a few simple "handshake" 
procedures in operation in a system 
like that in fig. 1. First, your terminal 
needs to know that the modem is at 
the other end of the line, and ready to 
operate. It does this by checking to see 
if there is continuity in a circuit that 
goes to the modem and back. In 
essence, it puts a dc voltage on a wire, 
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the address and sender's identification 
out of the packet, and sends the pulses 

TRANSCEIVER w 

I P E R S O N l L  
COMPUTER 

PERSONAL 
C O Y W T E R  I 

I 1 

A packet-radio system. In addition to establising rf communications between the two tran- 
sceivers, the modems perform many encoding, decoding, and housekeeping chores. 

telling the modem "I'm ready to 
send." This is known as a Data Ter- 
minal Ready (DTR) signal. The 
modem, in turn, places a voltage on 
a wire that says, "I'm ready to 
receive." In this case, it's a Data Set 
Ready (DSR) signal. Once this hand- 
shake has been accomplished, things 
are ready to go. But wait a minute! 
What if the telephone line isn't work- 
ing? In another handshake procedure, 
the modem first looks for a carrier 
(audio tone of the correct frequency) 
from the modem at the other end of 
the line. If it's not there, it won't send 
the DSR signal back to the data ter- 
minal. If the tone is detected, the DSR 
signal is sent and you're ready to trans- 
mit data - assuming that the modem 
and terminal at the other end have 
completed their handshake and are 
ready too. 

The "alphabet soup" here can get 
pretty thick: Data Terminal Equipment 
(DTE), Data Communications Equip- 
ment (DCE), Carrier Detect (CD), 
Ready To Send (RTS), Clear To Send 
(CTS), and on and on. You needn't 
know all these terms unless you want 
to get into data communications in a 
big way. Many of these signals and 
procedures are taken care of automat- 
ically by the equipment and programs, 
but knowledge of them is helpful if 
you're designing or troubleshooting a 
system. 

The packet-radio modem 
At first glance, it might seem that 

you could simply remove the tele- 
phones and wire lines from the dia- 
gram in fig. l ,  replace them with a 
transceiver and antennas, and have a 
packet-radio circuit as shown in fig. 2. 

That's pretty close to the way it's 
done. The packet equipment, called a 
Terminal Node Controller (TNC), acts 
as a modem. It translates pulses into 
audio tones for transmitting, and does 
the reverse for receiving. However, the 
packet modem must have a lot more 
built-in "smarts". The modem does 
have some basic handshake systems, 
just like its land-line cousin, but the 
difference comes when you start using 
the packet rules called "protocols." 
For example, if you type the letter "H" 
on the keyboard in your land-line 
setup, it is translated into pulses (1's 
and 0's) by your terminal or computer. 
The modem then translates these 
pulses into tones and sends them out 
on the telphone line. At the other end, 
the modem translates the tones back 
to pulses; the terminal translates the 
pulses back to the letter H, and the let- 
ter appears on the screen. On a packet 
system, the TNC must first place the 
pulses that represent the letter H in a 
message form (the packet) that con- 
tains the correct address, along with 
information to check the accuracy of 
the message. The whole packet is then 
sent to the other station. The receiv- 
ing station's TNC translates the tones 
into pulses and checks for errors. It 
then acknowledges receipt (if the mes- 
sage was received correctly), strips all 

on to the terminal, where a letter will 
be displayed on the screen. If the 
receiving station finds an error, it 
doesn't acknowledge receipt. The 
transmitting station tries until it either 
gets an answer or times out. 

Your packet modem also includes 
soha re  that lets you tell it what sta- 
tions you do or don't want to commu- 
nicate with, what to monitor or not to 
monitor, what speed (baud rate) to 
use, and which relay stations to use if 
needed. Some will let you switch 
bands and operating modes in 
response to a command from the key- 
board. Most TNCs also have the abil- 
ity to check their own health and 
calibration ability, letting you look at 
messages to find where an error 
occurs. Many TNCs can be configured 
to repeat packets between other sta- 
tions by simply entering a command 
from your terminal. 

Basically, a TNC is a micropro- 
cessor-controlled modem with a 
tremendous amount of built-in soft- 
ware, making operation easier and 
more enjoyable. This takes you far 
beyond just keying a transmitter and 
listening for a reply. You could use a 
less sophisticated modem by building 
most of these features into the data 
terminal or computer software; some 
packet equipmentlsoftware suppliers 
have done just that. The end result is 
the same and the way to go is a mat- 
ter of choice. 

What's RS-2327 
First, let me point out that the plug 

or connector on the end of a cable or 
a piece of equipment isn't an RS-232 
connector in the true sense of the 
word. The connectors most commonly 
called RS-232 are actually DB-25 con- 
nectors, although other types have 
also been misnamed. 

RS-232 is a set of standards for data 
signal transmission. Since the latest 
version is "C," the standard is referred 
to as "RS-232C." Basically, the stan- 
dard defines the voltage levels that 
must appear on certain lines, what 
those lines are called, what lines are 
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I the 230A Linear Am~lifier 
1 Something new in a high power, high quality, HF linear amplifier 

The Advanced Radio Devices (ARD) 230 series represents a new generation in high power 
linear amplifiers. Utilizing microprocessor control, the 230 provides full "HANDS OFF" 

. automatic operation. 

w Full mwer is alwav# available 
w Completely automatic 
w Microproeensor controlled tuning 
r No time limit for QRO 
* Full QSK 
m LCD metering 

VSWR readout 
r Microprocessor controlled protection 
r Automatic tube monitoring 
r Easy modification for 10 metem 
w RS-232C output for external eontrol 
w Modular eonatruetion 
r Export/eommercial vemions available 
r Remote antenna switching control 

Remote eontrol up  to 250 feet away 
v UPS shippable (3 boxes) 

Frequency: all amateur (1.8 - 21 MHs) 
Drive: 50 - 80 watts for full output 
Output: 1600 watts PEP 
Input Impedence: 50 o h m  unbalanced 
Input VSWR: 1.5:l (higher on WARC) 
Output Impedence: 60 ohms unbalanced 
Harmonic Supp: greater than -45 dB 
Intermod prods: more than -35 dB down 
Duty: CCS (cont. commercial svc.) 
Tubes: EIMAC 3CX800A7 (two) 
ALC: 0 to  -6 VDC 
Output Configuration: Pi-L 
AC Power: 230 VAC at  20A 
Sine (WHD in inches) & Weight 

Microeontroller: 1 0 ~ 6 x 9  at 5 Ibs 
RF/AC unit: 14x22~13 at  86 Ibs 

Orders: 800-368-3270 Local & tech info 
703-938-3350 

EEB Electronic Equipment Bank 
516H Mill S t  a ~ienna ,  VA 22180 

(just minutea from Washington, DC) 

A RACE ON THE EDGE OF TIME 
Radar - The Decisive Weapon of WW II I 
by David E. Fisher 

A Race On The Edge Of 
Time reads like a thriller but 
is based upon painstaking 
and comprehensive research 
by the author. In fact, Fisher 
argues rather convincingly 
that radar was the crucial 
factor that allowed the allies 
to win the war and that 
radar has played the same 
important role in our current 
militaw and ~ol i t ical  environ- . - . . 
ment. '~i l led k i th  fascinating , 
twists and turns of history 
that could have changed the war's outcome, 
anecdotes about the personalities involved in the 
development of radar and other military insights. 
Also includes radar development post WW II and 
how it will influence future battles. Illustrated with 
rare vintage photographs and diagrams. 
OMH-21088 Hardbound $19.95 

Please enclose $3.50 shipping and handling. 

ham 
radio-,.-BOOKSTORE I - - - - - - . 

GREENVILLE, NH 03048 603-878-1441 1 

little ktols aTd bi guns. ~ r i i t e n  by the world's best in the11 figlds: 
O N ~ ~ N . S M Q A G ~ ,  V2", VI38MV. KI+613%1., DJWD, 7-%nRZ. 
WlWY, NZSS, K7GC0, K4%N, W4GI:. VI13J1'0, W134ZN11, 
WR'ITDU, KQZM, NS6X, WZXQ, W31'G. KA38, KIPL.II, N31K 
N'ICKD, W X N .  AF3QX. JEICKA and others. 

Includes DX News, QSL Info, 160111, 80m, lOm, 6m columns, 
DX editioning, Propa ation, Awards, Contest Rules and Results, 
Tmkc  - Emergency, F$C News, New Products, Antennas, Technical 
News and articles, Equipment Reviews and Modifications, Computer 
Programs, Radio Funnies, Club Life, SWL, R T R ,  WiFNHF. Mail 
Box, Classified Adsand much more in a magazine format with the spccd 
of a bulletin. RADIOSPORTING sponsors DX Centurion A w r d ,  
Contest Hall of Fame and World Radio Championship contest. 

'Your publication is superb! Keep it  up!' Joe Reiscrt, WlJR 
"Your WZPV articles are priceless. Your magazine is su rt" 

Rush DraK, iWRM 
'Let me congratulate~pu on a very impressive magazine. Just what 

I'vcbcenloolcingforasa Xerand Contester!' Dick Moen. N7RO 
"RADIOSPORTING, once received, cannot be tmsed aside until 

it is read from cover to m r .  Then reviewed again and again." 
Chas Browning, W4PKA 

"I take eve ham magazine and can say without reservation that 
RADIOSPOR#NG is the first one read each month.' 

Joe Rudi. NK7U. "Oakland A's" 
Subscription rates: 1 r USA $18, Canada CDNS28, Overseas 

rcspect~vely. Single issue $2. USSZS; 2 years $33. $50. Z . 
USA Wrst Class Mail add $lO/year, DX Air Mail add S20lycar. 

TRY US! SUBSCRISE OR SEND $1 FOR YOUR 
SAMPLE COPY. VISA, MASTERCA RD accepted. 
RADIOSPORTING Magazine 
PO Box 282, Pine Brook, NJ 07058, USA Tel. (201) 227-0712 
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I .  E W I P M E N T  G R W N D  

2 ,  T R I I N S M I I  M T A  

3. RECEIVE DATA 

REOUEST TO SEND 

5.  CLEaR TO SEND 

6 .  M N  S E T  R N D I  

7 .  SIGNAL GROUND 

8 .  OMTA CARRIER DETECT 

9 .  RESERVED 

1 0 .  RESERVED 

I1 - UNASSIGNED 

1 2 - S E C O W M R V  DATA 
CARRIER o E r E c ~  

I 3  S E C O N D A R I  CLEAR T O  SEND 

(4. SECONDARY TRANSMIT 
DATA 

15. TRANSMIT CLOCK 

16.  SECONDARY RECEIVE 
DATA 

IT .  RECTWER CLOCK 

I9 .SECONOARY REDUEST 
TO SEND 

2 0 . 0 4 T 1  TERMINAL READ* 

21.  SIGNAL O U A L l T l  
DETECT 

22. RING INDICATOR 

2 3 . D A T A  R A r E  SELECT 

2 4 .  TRANSMIT CLOCK 

2 5 . U N I I S S I G N E D  

c 
A common connector for communications 
equipment is a DB-25 type, shown here with 
pins and RS-232C signals identified. 

necessary to provide data transfer and 
handshaking, and the amount of cur- 
rent the circuit can carry. In a circuit 
that meets these criteria, you can short 
any of the wires together and nothing 
will blow out or burn up - an impor- 
tant safety consideration. Table 1 
shows these signal names and values; 
figure 3 shows a DB-25 connector 
with the signals and pins identified. It's 
important to note that not all manufac- 
turers (and designers) have followed 
these standards to the letter. You may 
find some equipment that uses certain 
lines for purposes not covered in the 
standards, or that omits some signals 
or lines. The majority of computers 
and interfaces do, however, follow the 
standard well enough that most RS- 
232C devices will work with them. 

Why is this important? Many TNCs 
available today use a cable (called an 
RS-232 cable) to connect between the 
computer and the TNC. If you have to 
troubleshoot the system, and suspect 
the cable, it's good to know what to 
look for. There are "breakout" boxes 
available that can be placed in series 
with cables such as these to see what's 
happening. They have several light- 
emitting diodes CLEDs) that are on or 
off, indicating the states of the circuits 
they are monitoring. 

Some TNCs are designed to fit into 
a vacant slot in an IBM PC or compat- 
ible. These need no cable - they work 
from the interface bus in the com- 
puter. Their only connection to the 

The signals and voltage levels as described i n  the RS-232C standard. Not all o f  these 
are used i n  every piece of equipment. 

Pin RS-232C Function and Description 
Name 

1 A A Protective ground or Equipment ground 
2 B A Transmitted Data: Mark = - 3 to - 25 volts; Space = + 3 to + 25 

volts 
3 B B Received Data: Mark = - 5 to - 15 volts; Space = + 5 to + 15 volts 
4 C A Request To Send: Terminal asserts' this pin when it has data to 

transmit. It waits for Clear to Send before sending. 
5 CB Clear To Send: The Data Set asserts this in response to DTE if the 

set is ready. 
6 CC Data Set Ready: The modem (Data Set) asserts this line in response 

to DTR (pin 20) to show that it is on and operational. 
7 AB Signal Ground or Common Return. This can be connected to pin 

1, but doing so may cause noise or ground-loop problems in some 
cases. 

8 CF Receive Signal Detector or Data Carrier Detect: The modem asserts 
this line when a correct carrier tone is detected. 

9 Resewed 
10 Resewed 
11 Unassigned 
12 SCF Secondary Receive Signal Detector: Same as pin 8, but not used 

with most common modems. 
13 SCB Secondary Clear to Send: Same as pin 5, but not used with most 

common modems. 
14 SBA Secondary Transmit Data: Same as pin 2, but not used with most 

common modems. 
15 DB Transmit Signal Clock: Used for timing signals between the modem 

and the terminal. 
16 SBB Secondary Receive Data: Same as pin 3, but not used with most 

common modems. 
17 DD Receiver Clock: Used for timing signals between the modem and 

the terminal. 
18 Unassigned 
19 SCA Secondary Request To Send: Same as pin 4, but not used with most 

common modems. 
20 CD Data Terminal Ready: Used by the terminal to indicate that it is on 

and ready to send or receive. 
21 CG Signal Quality Detector: The modem asserts this line when the 

received signal meets specified criteria for quality (strength, fre- 
quency, lack of noise, etc.). 

22 CE Ring Indicator: This line is asserted when the modem detects ring- 
ing voltage pulses on the telephone line. 

23 CH(CI) Data Signal Rate Selector: Used by the Terminal and/or the modem 
to select a baud rate and inform the other equipment of that rate. 

24 DA Transmitter Signal Element Timing: Similar to pin 15, but used when 
the timing comes from a source other than the main modem. 

25 Unassigned 

'Asserts is a term meaning "makes active." A line can be asserted by placing a + or - 
voltage on it. or by pulling it from some voltage to zero, depending on the type of logic 
convention in use. 
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outside world is to the microphone, 
PTT, and receiver audio in your tran- 
sceiver. 

In summary, a modem is an inter- 
face between a computer or terminal 
and either the radio world or telephone 
systems. It provides both outgoing and 

incoming translations to make data 
communications compatible with 
voice-type circuits. In addition, the 
packet-radio modem contains soft- 
ware that covers many operating 
procedures that Amateurs need for 
successful communications via 



~acket, ASCII, R m ,  or AMTOR over 
hf or VHF radio. 

by Jim Grubbs, K9EI. (An introduction 
to packet radio for the newcomer. 
Tells how and why, names some 
equipment and how to use it.) 
Understanding Data Communications, 
by the Texas Instruments Learning 
Center and available from Radio Shack 
stores as part number 62-1839. (An 
excellent book on many phases of data 
communications. Technical enough 
for the experienced Amateur, but not 
so deep as to be impossible for the 
beginner. 

Article N H A M  RADIO 

PACKET 
YOUR GATEWAY TO PACKET RADIO 
by Stan Honepa.  WAlLOU 
Here IS me complete beglnner s ukde lo  Packet Radio mil len 
by ARRL Packet exper! W A ~ L O Q  Bep~nrmn mll  find the 
complete easy to understand explanat~onr ellmlnale many of 
me trustrat~ng aspects ot packet operabon Full of helptul 
hints and lips that come trom thousands of hours at on mb 
agr pxn?r~pntp Keeo trom re  lnventlno me wheel - learn 

I f o m  i n  e c x r l  2& pages 1987 I 

GET"'CONNECTE0 TO PACKET RADIO 
by Jlm Drubbs W9EI 
Thns IS your Packel Radio Handbpak! Ovar 17 chapten cover 
every aspect of packet opsrabon from: c w n p  a packet 
controller (TNCI, an explanallon ot packet protocol. packel ac. 
cessorles and a prlmer on how to make your hrst packet mn- 
tact to how packet bulletln boards lE8SI operate, plus morel 
Also has Complete appendix wlm more !nformatlon o n  definl- 
tlons, blbllography, Irequencles, orpan~zatlons. GLBflAPR 
cross relerence uldp Xerox 820 ~nto, other publlcatlons. 
suppliers and W ~ L I  commands Wrlnen fn an easy-lo-read. 
intormat manner, th8 handbook IS must read~ng tor all packet 
users c 19% 208 pages - Is1 editton 
LIGPR S o l l m n d  $12.95 

ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 
Pioneer Papers on Packal Radio 1981-1985 
These iollect~ons ot Packet Radio papen should be in wely 
Packet eolhus~asls shack' Written durlw Ihe tormulatin, years 
01 Packet development, these papers ( t w  numerous to men- 
tlon them all) cover theory practical appllcatlons. prOIOCOIS, 
sotware and hardware sublects You also get a complete u p  
to-date cotlect~on ol all published "Gatewa the ARRL Pack. 
el Radio newsletter As b ~ q  as the ARRL J~NOBOOK 
1985 ever 10W pages. 
1 i A R E N C  Soflbound $17.95 

5th COMPUTER NETWORKING 
CONFERENCE PAPERS 1986 

I I ,AR.CNCS Softbound $9.95 1 
6th ARRL COMPUTER NETWORKING 
CONFERENCE August 1987 
Collect on ol papers owen In August 1987 at Redondo Beach. 
I AR.CNC6 Sollbnund $9.95 

THE PACKET RADlO HANDBOOK 
by Jonathan Mayo. KR3T 
Packet radio comblnes the pwrer ot today's mlnoeomputer 
~ 4 t h  worldwide d~gltat Communlcabons Newcomers wltl find 
thls b ~ k  to be full of helptul lips t r ~ c b  and lntormabon lhat 
will help get them on Packet as quickly as possible Prondlnp 
you lirrt with packet baslcs m ~ s  book progresses through the 
loner norktngs and operattonal aspects ot packet to a look at 
tuture :echnolopy stlll I" devetopmenlal stages Also ~ncludes 
us8nq bulletln boards tranlc handllng on packet mcdulallon 
methocls and neworklng prlnclples protocols (both AX 25 and 
VADCCl and a thorough discusson ot the vartous TNCS and 
accesnnes ava8iabl~ 1987 1st Edltlon 218 pages 

I T . Z ~ Z Z  sonbound 114 YS 
Pleas emlose 53 50 shlpplw and handllng 

HAM RADIO'S BOOKSTORE 
GREENVILLE, N H  03048 
(603) 878-1 441 - 3EZw 

FW. I d B  
R W h .  R a n p a  N.F. O l l n  Comp.  Ma 
O n l v  (MHz) (dB) (dB) (dBm) Typ. Ma 

I n l l n a  ( d  0wIloh.d) 

DGFET 
DGFET 

G a A s F E T  
DGFET 
DGFET 

G a A s F E T  
DGFET 
DGFET 

GaAsFET 
Blpo lar  
B lpotar  

G a A s F E T  

WFET 
OGFET 

GaAsFET 
DGFET 
DGFET 

G a A s F E T  
DGFET 
DGFET 

GaAsFET 
Bipo lar  
B ipo lar  

GaAsFET 

h n p . . m p l l ( l r b p r W m a ~ o n A R R ' a ~ P r L w d H ~ ~ I t W ~ n o ) r H p u n  
IM~U. RX o n l y  p n a m  I l l l a m  a n  f o r  m t v e  a I l a l l o n o  only. I n l l n a  p n a m p l t l l m  a n  d awl lch .d  ( lo r  u a a  
w l t h  tmnace l ram)  a n 8 h a n d l a  25 w a t t s  tnnar%ter powar. M o u n t  In l lns  n a m p l l l l a m  b e t w e e n  t ronoca l rer  
a n d  power  ampll t lar l o r  high p a r s r a p p l l ~ t l o n s .  Olher  amateur w m m e r c l s f a n d  s a m p t l l k m  rva l lab la  

I n  l h a  1:1000 M H z  range. F?%iKlude 52 sht  p l n  In 
V.S. a n d  Canada. Connecticut res tdents  a d 1  

Rdvanced males tax. C.O.D. ordam a d d  12 Alr mal l  l o  fomtgn w u w  
t r lea  a d d  10%. Order your  ARR R x  o n l y  o r  In l lna  

Receiver preampll l lmr today a n d  s tar t  h s a r l n g  l i ke  never b e f o r s l  

Research 
Box 1242 Burlington, CT 06013 203 582-9409 EBB 

BATTERIES 
N~ckel-Cadrn~urn.Alkal~ne. L~th~urn. Etc. 
INDUSTRIAL QUALITY 

YOU NEED BATTERIES? 
WE'VE GOT BATTERIES! 

CALL US FOR FREE CATALOG 

E.H.YOST 81 CO. 
EVERETT H YOST KB9X1 

7344 TETIVA RD 

NO RESISTORS! 
NO COMPROMISE! 

THREE EXCELLENT REVIEWS IUST 
DON'T HAPPEN BY CHANCE. 

CALL US FORA'FREE CATALOGUE. 
.\,*c~ w,,,w o, t - 1  lctnJ 

' 5 ~ ~ 1 ~ 1  71 lL18\ 'M,~rc h 71 lQt3t> 

NEW LOCATION! 
BlLAL COMPANY 

d) 137 Manchccter Dr. & 
Florissant, Colo. 80816 191 

(719) 687-0650 
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THE QSL BOOK! 
C o n t ~ n u i n q  a 6 8  year t rad i t ion ,  we  b r i ng  
y o u  three n e w  Cal lbooks f o r  1989. bigger 
a n d  bet ter  t han  ever!  

The N o r t h  Amer ican Cal lbook lists t h e  calls. 
names. and address i n fo r t na t i on  f o r  495,000 
llcensed rad io  amateurs i n  al l  count r ies  o f  
N o r t h  Amerlca, f r o m  Canada t o  Panama 
8ncluding Greenland. Bermuda. a n d  t h e  
Caribbean islands plus Hawai i  and t he  
U.S. possessions. 

The In ternat iona l  Ca l lbook l ists 500.000 
llcensed rad io  amateurs I n  count r ies  OutSlde 
N o r t h  America. ~ t s  coverage Includes South  
Amerlca. Curope. Af r ica .  Asla, a n d  t he  
Pacif ic area (exclusive o f  Hawal l  a n d  t he  
U.S. ~ossessions).  

The 1 9 8 9  Cal lbook Supplement  is a n e w  idea 
I n  Cal lbook updates, l i s t lnq  t he  ac t i v i t y  I n  
b o t h  t he  N o r t h  Amer ican a n d  In ternat iona l  
Cal lbooks. Publ ished June 1.1989. this c o m -  
boned Supplement w l l l  inc lude thousands o f  
n e w  licenses, address changes, a n d  cal l  slgn 
changes for  the preceding 6 months.  

Every act ive amateur needs t h e  Cal lbook!  
The 1 9 8 9  Cal lbooks w i l l  b e  pub l lshed 
December 1. 1988.  Order  ear ly  t o  avo id  
d isappoin tment  .(last year's Cal lbooks sold 
ou t ) .  Sce y o u r  dealer n o w  o r  order  d l rec t ly  
f r o m  the  publ isher.  

 north Amer ican Cal lbook 
incl .  sh ipp ing w i t h i n  U S A  $29.00 
incl .  sh ipp inq t o  foreign count r ies  35.00 

0 In ternat iona l  Ca l lbook 
incl .  sh ipp ing w i t h l n  U S A  $32.00 
inc l .  sh ipp inq t o  foreign countr ies 38.00 

o Cal lbook Supplement,  pub l lshed June 1st 
inc l .  shipping w i t h i n  U S A  $13.00 
incl. sh ipp ing t o  foreign countr ies 14.00 

SPECIAL OFFER 
n 60 th  N.A. 8 In ternat iona l  Cal lbooks 

inc l .  sh lpp ing w i t h i n  U S A  $58.00 
inc l .  shioplnq t o  foreign countr ies 68.00 

* * * * * * * * * * * *  
l l l ino is  residents please a d d  61h% l a x .  
A l l  payments  mus t  b e  I n  U.S. funds. 

RADIO acmllbook AMATEUR IN'. 

I J C P ~ .  r 
925  Sherwood Dr.. BOX 2 4 7  
U k c  B lu f f .  IL 60044.  U S A  

Tel:  (312, :. 6 6 0 0  MY B 
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Dependable Service - - 
At The Right Price.. . Everytime 

L 

Mastercard-VISA-Discove 

- - - . . . . -. . . All Band, All Mode Transceiver 
Dlrect Keyboard Entry I I : A i ~ ~ ; a l  

rn.2'" 
70cm Modules 

Engineered for the DX.Minded 
and Contesting Ham I Full CW Break-in 
I ts  Got It All! Lots More Features 

KENWOOD 

TS.140S AFFORDABLE DX ~ n g l  . HF Transceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W output 
Comoact. Lots of Features 

YAESU 

FT-736R VHF UHF BASESTATION 

SSB, CW. FM on 2 Meters 
and 70 cm 
Optional 50MHz. 220 MHzor 
1.2GHz 
25 Watts Output on 2 Meters. 
220 and 70 cm 
lOWattsOutputon6Meters i and 1.2 GHz loo Memorles 

IC.761 HF .-PERFORMANCE., RIG 
160-10MIGeneral Coverage 
Recelver Moblie 10 Meter Transceiver 
Bullt.ln Power Supply and . SSBIAMIFMICW 
Automatic AntennaTuner 25 Watts PEP 
SSB, CW, FM. AM. RTTY Computer Controlled Operation 

SALE PRICED 

IC-781 NEWEST SUPER RIG 

5 Function Display Screen 
Built-in Spectrum Scope 
150WattsOutput 
Built.in PS and AT 

2m and 220 MHz Ampl~ l~ers  
GaAsFET Recelve Pre.Amps 
and H ~ p h  SWR Shutdown 
Prctect~on 

144 MHz 
MODEL - - -- 

2-23 2 in130 oul 
2-217 2in1170oul 
2-117 lO~n11700~1 

220 MHz 
3-22 2 1n;20 out 
2-211 2lnlllOa"l 
3.312 30tnll2Uoul 

CALL 

0 
ICOM 

Remote Controller. Irilr~rlace 
2 Meters (138.000-173.995 MHz) 

RSIA . . $50 RS35M. .$I55 
A Unlt. interlace B Unll. 

70 cm (438.000-449.995 MHz) 
RS12A.. . $72 VS35M. ,5175 

Speaker. MIC and Cables 
• Band "nits to Choose 3 RS2OA . . . $92 RS50A.. $199 

45 Watts on 2 Meters • Memories Per Band 8 RS20M.. $109 RS5OM . . $225 

35 Watts on  70 cm Programmable Band Scan VS20M.. $129 RMSOM . $245 

Fiber O ~ t i c  Technology RS35A.. $139 VS5OM . . $239 

I KENWOOD - - 

TH-25AT 
POCKET-SIZED 

AND POWERFUL 
Frequency Cover- 
age: 141.163 MHz 
(Rx), 144.148 MHz 
(Tx) 
Front Panel DTMF 
Pad 
5 Watts O u t ~ u t  
14 ~ e m o r i e s  
TH-45AT Available 
for440 MHz 

HUSTL 

I 
YAESU 

. 140.164 MHz. 
440-450 MHz 

i 

0 Ki? Kantronics 
IC-,i2AT 
IC-,i4AT I ICoM 

MICRO HT'S -n 
FOR 2M. 440 

Pocket Size HT Fun KAM 
Ten Memories Packet, WEFAX. ASCII. 

LCD Readout AMTOR. RTTY. CW . Wideband Coverage Simultaneous Operation on 

u p  to 3 wat ts  output HFan*VHF 
Personal Packet Mallbox'" 

SALE PRICED 

102 N.W. Business Park Lane Kansas City, MO 64150 I srn - 6pm Mon.-Fri. 9am - 2pm Sat. 

Call For Best Trade-In Deal 

El? 
- MOST ORDERS SHIPPED SAME DAY 



OPTOELECTRONICS INC. 

POCKET SIZE 
SIZE: 4" H x 3.5" W x 1 I' D 

MADE IN USA 

FREQUENC 
COUNTER 

TO 2.4 GHZ 
I 

#TA-100s I 
8 LED DIGITS 2 GATE TIMES 

1 ALUMINUM CABINET 
INTERNAL NI-CAD BA7TERlES INCLUDED 

'! AC ADAPTER/CHARGER INCLUDED 
Irr 
r =  .- EXCELLENT SENSITIVI'IY 

& ACCURACY 

AC-DC PORTABLE 
OPERATION 

. 
-- 

Small enough to fit into a shirt pocket, our new 1.3 GHzand 2.4 GHz, 8 digit frequency counters are not toyslThey 
can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters, 
signal generators and other devices to accurately monitor frequency 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 
# 1300H/A Model 1300H/A 1 - 1300 MHz counter with preamp, sensitivity. < ImU 

. . . . . . . . .  27MHzto 450MHz includes Ni-Cad batteriesand AC adapter S169.95 

#24OOH Model 2400H 10-2400 MHz microwave counter includes Ni-Cad 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  batteries and AC adapter S2W.95 

#CCA Model CCA cwnter/cwnter, for debugging, ultra sensitive, < 50 micro 
voltsat 150MHzl 1-600 MHz with adjustable threshold, RF indicator 

. . . . . . . . . . . . . . . . . . . . .  LED. Includes Ni-Cad batteries and AC adapter SZW.95 

ACCESSORIES: -- --- ~ - 
.. . . . . . . . . . . . . .  #TA-100s Telescoping RF pick-up antenna with BNC connector S12.00 

. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm, BNC connector .S20.00 

#CC-12 Carrying case, gray vinyl with zipper opening. Will hold a counter and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $TA-1000S antenna. .S10.00 

r /  194 , 
ORDER FACTOAT DIRECT 

FLA (305) 771-2050 1-800-327-591 2 I AVAILABLE NOW1 

opro~'mrRo~~cs INC= 
Orders to US and Canada add 5"/0 of total ($2 rnin. $10 rnax) 

5821 N.E. 14th Avenue Florida residents add 6"/0 sales tax. COD fee $2. 
Ft. Lauderdale. Florida 33334 Foreign orders add 15% 



htroducing the only t mobiles 
double as answervlg machines. 

h'ow you car1 sti~y in touclr -cwn 
whcn you're i11~1y ~ R ) I I I  y o ~ r  radio. 

\Vit,h Yarsuk 2-mctc>r FT-212RH 
and X-crn FT-712RH, an opt,ional, 
internal digital voice recorder 
serves as a caonvcnicnt iunswering 
machine for you and your friends. 
And  that,'^ jrrst. the hcginning! 
. High performance mobiles. 

The‘ F1'313RlI f'ra~l~rrc~s ~r id~~l)ant l  
rccrivr c.ovrragc of' 130 - 174 IIHz 
(141-148 MHz 'h), while t11r 
FT-ilBRH covrrs 330-450 MHz. 
An oversizc annl)er display inc~ludcs 
;In innovativcl photo-srnsor \vhich 
incrtlasrs thc display hrightnrss 
(luring the diI>:Thc f'on(3tion huttons 
arr arri~ngod in a c.l~romatic niosi- 
cal scale-ideal for visu;~lly-irnpan'd 
oprrators. You gct 35 w ~ t t s  out~)ut 
on 2 mcters. 85 Iratts on 70 cni. 

.An autodialer IITMF microphone 
wit11 10 nlrmorics, t w h  ready to 
storo trlrpl~onc! numhers up to 22 
digits long. 

And, liko our FT-2llRH Series 
mobiles,yo~ill or1.ioy simple cont,rols, 
yet. sophist,ic.atn!d rnicroproccssor- 
trascd flexibility. Including 18 rnern- 
orics t.hat storr frequency, offset, 
PL tone, and PI, mode (PL encoder 
huilt in, dcc~odcr optional). Rand 
or memory scanning. Offset t,uning 
from any memory c~hannel. Mcrnory 
channcl lockout for scanning. 
High-low power switch. 

All i l l  an aruazingly small 
pacak;~ge, shoivn actui~l sizr h( ! l~ \~ .  

Digital voice recorder option. 
Only li~osu hrirtgs you I hcl advilnc~cd 
trc.hnologv f o ~ ~ n d  i n  our tligitiil 
\foic.r rcv.ordcr oplion. 

VIII can storcl n~t'ssagrs or your 
(.all sign-in your otvn vc~icr, not 
iI synthcsizetl roplic.;~-or give your 
friends a privat,c code for Iraving 
nlessages on your radio. All t hey 
neetl is a DTMF microphonr!Thcn 
you can play \lack your mcssagrs 
cit,hc.r in-l)crson, or ronnotc!ly I)!: 
using another radio with a 1)TMF 
microphonr. And yotl'vr alwilys 
got security hecausc you can corn- 
mand your radio to rcspontl only 
to in-pcrson pla~yhnck rrqurst.~. 

Visit your Yaesu dealer today. 
And tost tlrivr klc,su:s FT-312Rtl 
and FT-713KH 111ol)ilrs. Tht~ only 
ndios with t hv powrr to kcep you 
in touch. Xl~iI\s. 

YAESU 

Yaesn USAI72IO Edwards Road, Cerritos, CA 90701 (213) 404-2700. Repair Senice: (214) 404-4884. Party: (213) 404-4847. 

Pricps and spcificali~)ns subjrrt Lci change withoul notirc. PI. is a registeml lradrmark olMolornla. Inr. 



All Mode Mobilitv! 
-, :- 25 watts . igtiIr, watts adjustable low ilual tl~gltal VFOs v 

T Pi . -  [ ; \ / Progr;~rnni;\ble scanning-memory. * Sem break-ln CW with sde  tone 
band, or mode scan wlth "COM" MC-48 16-key DTMF hand micro- Compact ash0cfe channel and prlorlty alert phone and m~crophone hook tncluded 

transceivers 10 memory channels for frequency, Frequency lock, offset, reverse switches 

the "N~,,,  sound^ on the 2 meter mode, CTCSS tone, offset. Two than- Digital Channel Link (DCL) option 
band-Kenwood's TR-751A! Auto- nets for odd spl~ts. Opt~onal  accessories: 
matic mode selection, versatile All mode squelch, noise blanker. CD-10 call slgn dlsplay 

and RIT scanning functions, illuminated multi- . Easy-to-read analog & RF meter 
PS-430, PS-30 DC power suppl~es 

function LCD and status lights all SW-100A/B SWRlpower meter 
contribute to the rig's ease-of- SW-200A/B SWRlpower meter 
operation. All this and more in a SWT-1 : I  rrl antenna tuner 
compact package for VHF stations SWT-2 70 cm antenna tuner 
on-the-go! TU-7 38-tone CTCSS encoder 

Au lo~~ ia l~c  mode select~on, plus LSB MU-1 modem unit for DCL system 
144.0 144 1 144.5 145.8 146.0 148.0 MHz VS-1 voice synthes~zer 

I MB-10 extra mobile mount 
CW USBI FM USE Y; SP-40, SP-SOB mobile 

Optional front panel-sele - ' sl~eakers 

38-tone CTCSS encoder 
'"1 PG-2N extra DC cable 

Frequency range 142- PG-3B DC line noise litter 

149 MHz (mod~f~able to 
'- 

. MC-60A, MC-80, MC-85 
p: t l~?lux!~ [lase stallon mics. 

cover 141-151 MHz) 
High performance receiver wtth 

MC-43s UPIDOWN mlc. 

GaAs FET front end 
* MC-55 (8-111n) nioblle mic. 

MA-4000 dual band antenna with 
VS-1 voice syntheslzer option 

Actual size front panel 

1 

70 cm SSB/CW/FM transceiver 
The same wlnning features are yours 
on 70 crn with the TR-851A! 

Covers 4.10~439 999 MH/ 
35 W high [)owr?fl5 W ndlustnl)lr liiw 
MC-435 UPIDWN mlc and 1 l 1 1 i  

hook ~nclutlrrl 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
2201 E Dornlnguez St.. Long Beach, CA 90810 
PO. Box 22745. Lona Beach. CA 90801-5745 
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