


Compact Size Wideband Coverage. The IC-28H inches deepl. Great for mobile instal- 

Simple to Operate performs from 138-1 74MHz Ispecifica- lations where space is limited. 
tions guaranteed from 144.00-148MHzl 

Large LCD Readout 
21 Memory Channels. Store 21 

and includes weather channels. Ideal frequencies into memory, or lock out 
25 or 45 Watts for MARS and CAP operation. certain memory channels. All memories 

Packet Compatible Compact Size. The IC-28H meas- are backed up with a lithium battery 
ures only 2 inches high by 5 ' 2  inches 2 1 Memory Channels Scanning. Scan the entire band 
wide by 7'  1 inches deep IlC-28A is 5'4 0, the memow channels from the pro- 

The IC-28H has all the features vided HM-12 mic. 
you need tor carefree 2-meter mobile Easy to Operate. With only I I 
operation. The only thing it doesn't front panel controls. the IC-2RH is 
have is a big price. s i m ~ l e  to operate. 

45 Watts. The IC-28H provides a Available Options. IC-HM14 
full 45 watts of powerful output. The DTMF mic. PS-15 13.8V 8A power sup- 
IC-28A 25-watt version is also avail- ply, UT-29 tone squelch unit. SP-10 
able. Both units have a selectable external speaker. IC-HM 16 speaker rnic 
low power. and HS-I5/HS-I5SB flexible boom 

Larne LCD readout. A wide-view mic and PTT switchbox. 
F -  - - -  

~ ~ ~ ; e a d o u t  can b e  easily read even The IC-2iH .I5 watt and IC-27A 
in bright sunlight. An automatic dim- 
mer circuit reduces the brightness for 
evening operation. 
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Kant ronics "3rlA~~cS" 
Presenting three intelligent, versatile, 
compatible terminal units. 

" S M A R T "  means an internal microprocessor is used 
to im~rove  ~erformance and add versatility. The 
"smart" ~antron ics TU's can transmit and receive 
CW/RTTY/ASCII/AMTOR or Packet when 
combined with your computer and transceiver. 

Any computer with a serial RS232 or TTL 
port can connect directly to a Kantronics TU. 
A simple terminal program, like one used with a 
telephone modem, is the only additional program 
required. Kantron~cs currently offers Pac- 
term and UTU Terminal Programs for 
IBM, Kaypro, Commodore 64, VIC 20, and 
TRS-80 Models I l l ,  IV, and IVP. Disk 
vers on $1 9.95. Cartridge $24.95. 

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

U T U - X T  The UTU-XT is an enhanced 
version of the UTU. Programmable baud KPC-2 Kantronics AX.25 Version 2 TNC fea- 
rates, tone frequencies, and tone shifts give tures a built-in HF modem, full duplex opera- 
special versatility. Automatic Gain Control and tion, multiple connects, and over 100 software 
Threshold Correction circuits greatly enhance commands. A serial RS-232 or TTL (C-641 
sensitivity and selectivity. A RTTY signal VIC-20) port gives universal compatibility. 
detect circuit mutes copy with no carrier, and The enhanced generic command structure 
the CW filter center frequency and bandwidth fits any computer, even PC compatibles. All 
are programmable. Power supply is provided. this combines to make KPC-2 the only TNC 
Suggested retail $359.95. you'll ever need. Suggested retail $219.00. 

For more information contact your local fl 199 

Kantronics dealer or write: 

K2 Kantronics 
1: i 231-rl i t r f a t  19131 8.12-7705 

L.7WIFIlCF. Y,lllS;I5 66Oa16 



Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance in a compact package. We 
call it "Digital DX-citementV-that special 
feeling you get every time you turn the 
power on! 

. I  Arnnfb.!i' h ia r r i i -  

C;t'rir?r;ll [.over;lgc, rc3c.rlvrr l i inf.1~ lrorii 
100 kH7 30  MH7 t:ls~ly n i o d ~ l ~ r d  for 
H i  MARS o[ler;ltlorl 
P~ .c .c i  k.Oy!ro, lr t !  P ' i t l v  r.1 f r r ~ o ~ l r ~ l c v  

' j t r r ,vr~r>, , , , . , r  r!,,n'>vi , I,??\LI*:. 
K ~ n w o t x i  Dvn;!hlrx" l i ~ g h  si~?rslllvlly cl~rer:l 
mlxlng syslr,nt , ,rlstrrrs Iruv 10:'dW rccc>lvc71 
dynnrn~c: I.lnFj" tliOOH/ bnnclw~dltinri 20nt) 

e i , l l l  , ,!!! ,. , \ ,  1.. :l,!rl<.,,>,::.-., 
Super e l l ~ ~ t c r i l  r:ooling perrnlts c.onlinuous 
key-dowri lor r i r~r~orls cxc:retfing on? hour 
RF lriplrl linw1.r I.; rntrd at 200 W T'LP on 
SSB, 200 W I I(: nn CW. AFSK. FM, ;~nr l  110 
W [?C AM ( T I  r ,  I'S 50 i ~ o w r ~ r  s t i i ~ i ~ l y  IS 

nredecl lor r r ~ r i l ~ f ~ t i i ~ t ~ ~  citily i 

8 '  ,111!,) ,,,,. ( 1 '  I \ I ,+.< 
Frecli~ency ;inrl liinde may be storect In 
10 gr(>rrr>\ [ i f  10 111;inneIs each Split l r e ~  
cltlr?rlc.lrc, 1~1;ly t,c 5toreil In 10 ~:Ii;i~nrls 
l , > r  r?pP;$t?r npf:r,it~,>n 
. ; ,.I 1.. ( .  - I (.-,l- "- '. , 1 1 9 1 -  ,8~,(1!ll?n.,Ii 

Suhlonra IS nit:m'?r~red when TU-8 IS ~nslalled 
* i,i:l!,.'tj r~ t .~ r l~ ' i , . r , ' . r .  rc?r!ocfs I n  

IF sh~lt. l u n c ; ~ t ~ l ~  ri~ll(:h I~ller, nols? hlankcr. 
all r110df. st111cI(:h RF ;~ttr?rluat~ir. RlrlXlT, 
and nl?tri>n;~l l~lters lrclhl ORM 

e M.C.!?S ! J c ,  [,Tt'l,lW !,:I,: ~ r ~ c i ~ ~ d e c !  
+ ~ , . , , ~ ~ ; ~ ~ . l ' ~ . r  , r , * < , r . ; . ,  ;> r,*;1 - J l i  i -~ i i i l cc  hci!lt ~n 0 'i Ic flit-r futir:+!nns 

USB. LSB, CW, AM. FM. D11al SSP IF ? ~ l ! ~ r ~ n q  
and AFSK. Mode A bu~lt-ln SSB fllter 1s 
select~on IS ve r~ f~ed  ~n standard When an 
Morse Code. optional SSR l~lter - ' 281" '  ~ j ~ i  <-i!i?,,rll~t~,: rYK-88s or YK-88SN) 1s 
i n '  .I:ni t l i r r - r  I ~nslal l rd,  dual f l ter~ng 
, ~ , , ~ - , o , , , ~ l ~  
Covers 80-10 meters 

a ,.,.: , \ ,,(::,. ,.),r l l t>~ 
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the phone call 

It took  a late-night, long-distance phone call to remind me of what I used to easily perceive 
as the excitement of ham radio. The call came from a good friend who'd gotten into Amateur Radio 
at about the same time as I did, approximately 28 years ago. Catching up on recent history, I couldn't 
help noticing not only his present and continuing enthusiasm for the hobby, but also his accomplish- 
ments over the years. His interests included, but weren't limited to, antenna and propagation ex- 
perimentation, modification of commercial equipment, the design and construction of new equipment, 
operation on the newer specialized communications modes, as well as teaching and helping other 
Amateurs. But what impressed me the most was his intensity - his desire to do the very best he 
could while enjoying what he was doing. 

Not long ago I found myself feeling discouraged about the future of Amateur Radio. It's not difficult 
to  get into this mood. Just listen to discussions on the air, at hamfests and at other meetings. . . 
or open up to the editorial page of any ham magazine. There you'll no doubt hear, or read, that the 
average age of Radio Amateurs in this country is rising steadily. If you really want to get discouraged, 
tune any of the HF bands (and the most popular VHF band). What do you hear? 
"CQ DX, CQ DX." (Translated, this means "I want to contact you, the rare station, as fast as 

I can and get your QSL card and then goodbye!") 
Or "Hey, Goofball, this is my frequency and I'm not moving!" (Translation: "I've been on this fre- 

quency for the past three hours and I own it.") 
Or "Hey, Joe, are you sure I'm only 37.5 dB stronger than that other W17 By my figuring I should 

be at least 40 dB up from him!" (Somewhere along the line many of us forgot that the FCC didn't 
intend for us to turn Amateur Radio into a horsepower race.) 

Or, as heard on 2 meters not too long ago, "Tom, I just got this new Loudenboomer amplifier. 
It's wired for 110 volts. How do ya wire it for 2207" ( 1  guess that question wasn't on his Advanced 
class exam). 

Is this what Amateur Radio is all about? 
There are those who say we need some stimulation and that the solution is obvious: get more youth 

involved. Presto! Amateur Radio - if not the world itself - is saved. Quite frankly, I don't believe 
in simplistic cures and single-answer solutions. But it is true that in order for any organization to  self- 
perpetuate, a constant influx of "newness" is required, be it youth itself or just youthful energy and 
spirit. 

Even if we manage to attract young people to our hobby, it will still take Amateurs (like my friend) 
willing to share their enthusiasm and knowledge with them. By helping young people pursue their 
own interests, these Amateurs will encourage young people not only to enter Amateur Radio, but 
stay there. It won't be just young people who "save" Amateur Radio, but those hams like my friend 
who make that special effort. 

Rich Rosen, KPRR 
Editor-in-Chief 

4 July 1986 



All -Mode Mobilitv! 
7-l-3 --- r-f A 25 watts i1ql1, > watts adlustable li jw * Uu;!I d~cltal VFO:. 

V 

-,-/ 2 6-3, Prograrnm ible 5cannlng-memory. S P ~ I  hreak ~n CW wlth slde tone 
band or niode ican w~ th  'COM' MC-48 16 key DTMF hand mlcro- 

Compact 2-m ail mode chann~ l  and pr~nr~ty alert ohone ~ncluded 

It's the "New Sound" on 
band-Kenwood's TR-75'1m: ~ U W -  

matic mode selection. versatile All mode squc 
- 

,Il.h, nolse blanker, Owtional accessories: 

+ransceiver * 10 memory channels for frequency. irequency lock, oHset, reverse 
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BEST ,. OF -~ MFJ - - - 

MFJ 24 H O U R  
LCD CLOCKS 

T h r u  MFJ 24 hour clocks make 
your OXlng, mntestlng, logging 
ahd SKEDlng easler, more precise. 

R u d  both UTC and loul tlme 
d a glan~% wlth the MFJ-1M. $=XXi fir $ 9 9 5  ,- 
$19.95, dual clock that dlsplays .!/: ' :, .?J HO!:.!? .?'JAL LCD C L T K  MJ.1 ,,, ),' ' ;. . ; .' . '.. 
24 ahd 12 hour tlme simultaneously. ., . . ... ,., h..  . ,  
Or choose the MFJ-107, $9.95 
single clock for 24 hour UTC time. You can read hour, minute. s a n d ,  month and They ale baihq o p ~ h d  so you &nLt have to 

Botn are mounted in allrushed alumlnum frame, dav and operate them In an ahernatlng tlmedate resol them alter a power fanure, ahd battery 
tealure hugs wry-totw Sf8 lnch LCD n u m n l a  display mode. You can also rynchmnlzr them to operatlon makes them suitable for mobile ahd 
and a sloped face that makes reaUlng atross-the- WWV lor spllt-second tlmlng. Both ate quartz portable use. Long life battery Included. 
shatk easy and pleasant. contmllsd for excellent accuracy MFJ-108 is 4%xtx2 In. MFJ-107 is 2'/rxlx2 In. 

3TTY/ASCII/AMTOR/CW MFJ-ins I MFJ ANTENNA BRIDGE MFJ-met ROLLER INDUCTOR TUNER 
COMPUTER INTERFACE $179.951 

- ..~ - .  

Evmrythlng pu nrrd Is Includrd for sondlng and 
m l v l n g  RTTYlASClllCW on I Cornmodon 64 
or VlC-20 and y w r  ham fig. You get MFJ's most 
advanced wmputer inrerfacs, software on tape 
and ail cables. Just plug In and operate. 
The MFJ-1229 It a genenl plrpoae computer in- 

terface thal wlll never be obsolete An Internal 
DIP swltch. TTLand RS-23z ports lets you adapt 
the MFJ-1229 to neatly any home wmputer and ' 
even ooerale AMTOR wlth aooroorlate wrftware. 
- A  c&&lr "leo&' LED ;in16 dray manes 
atcurale tunlng fast, easy and preclse 

YOU u n  tnrnmlt both nrrmw ( i m  HZ) a d  rrla 
(850 Hz) ahlfl whlle the variable shift tunlng lets 
you mpy any shlft ( 1 0 0 1 ~ 0  HZ) and any speed 
(5-100 wpm. 03M) baud ASCII) 
Autonutic t h m h d d  m m t l o n  ahd sharp multi- 

pole attlve fllters glve good copy under w e r e  
ORM weak slgnal and selective fadlng. 
Than's an FM (Ilmltlng) mode for eaq trouble 

-free tunlnq that's best for general use and an 
AM (non-llmlting) mode thal glves superlor per- 

Now pu u n  qulckly optlmlze your $79.95 
nntsnnr for p m k  p r l o m n w  wlth 
thls portable, totally rslfsontalned 
antenna brldge iha! you can take to 
your ahtenna'slte-no other equip- 
ment is needed. 
You can determlne If ywrantenna Is 

t w  long or too short, InMlUm Itl 
mronant frequency and antenna 
mrlatance to 500 ohms. It's the 
easiest and most convenient way to 
determine antenna performance avan 
able todav to anyone. There's nothing 
else llke It ahd only MFJ has It. Bullt-In resistance 
brllge, null meter ahd tunable oscllla?ordrlver 
(1 .(-a MHz). Uses 9 V banery. 4 x 2 x 2 Inches. 

REMOTE ACTIVE ANTENNA 
Tho authorltarlve "World Radlo TV Handbook" 

n t a  the MFJ-1024 as "& first-tale easy-toqper- 
ale att~ve arlrenna ... Quiet wlth excellent dy- 
namlc range and good galn ... Vbry low noise lac- 
tor ... Broad frequency coverage ... the MFJ- 1 
1029 Is an excellent choice In ah anlve antenna" 
M lnch mmote actlve antonnr mounts outdoor 

from elec:rical noise for maximum signaland 
mlnumum noise p~ckup. Often outperlorms long- 
w l r  hundreds of lest long. Mount anywhere-alop 
hoLdes. buildinas, balconies. aDartmenls. shi~s. 

forma~tce under weak slgna and heay ORM. U wlth any ndlo to receive strong clear slgnals 
A handy Nornml/Rmnek#ltch ellmlnates re- I frn f an ' river t h ~  wnrld .W KH7 to 30 MHz. Hioh 

tunlng whlle checklng for Inverted RTTY. 
An extn sham MO Hz CW filter really sepalates 

the signals for'excel~ent COW. 
12% x 12l/1 x 6 Inches. Uses floatlng 18 VDC or 

110 VAC with MFJ-1312, W.95. 

MFJ PORTABLE ANTENNA 
MFJ's Portable Antenna lets you operale 40.30. 
20. 18, 15. 12. 10 meters from apattments, motels, 
camp sltes, vablion spots, ahy electrlcany clear 
locatlon where soace for full size ahtenna'is a' 
problem. 

case. Built-in aiitenna tuner ield strenght meter. 
50 feet coax Complete mu1 band portable an- 
tenna svstem that vou can f e neallv anvwhere. 

dy rnlc range ellmlnales intermodulation. lns12e I f. "I; ha;2D8a~enu~orOi. ~ a l n  control 
Swltch 2 receivers and auxlrlarv or active 

ahtenna On LED 6 x  2 x  5 In 

1-200 WATT VERSA TUNER 
MFJ's r m l l r t  

MFJ-9OlB $59.95 
zw wan 
Versa Tuner 
matches m a .  
random wires 
and balanced 
lines from 1 8 thru 33 MHz Works wlih all solld 
staleand tuber~gs Very popular for use between 
transceiver and f~na l  ampl~f~er Efflctent arc-wound 
Inductor glves more warts out 4 1 Mtun. 5x2~6 In. 

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

Afld SIN each shlpp~nglhandllng Call or wrlte 
for free catalog, over 1W products. MFJ ENTERPRISES. INC. 

494. M~sslsslpp~ State. MS 39762 

M n t  theL-mpnt W l ~ r  
Inductor tuner that lets you run ulp iu 3 KW PEP 
and match everthlng from 1.8 to 30 MHz. 

OnlgMd to nutch the nr* snullsr rlgs, the 
MFJ-989 Is the best roller Inductor tuner pro- 
duced by MFJ. Our roller lnductor tuner feahres 
a 3dlglt turn counter plus a soinner knob for pre- 
clse inductance control for maxllllum SWR reduc- 
tlon. Just take a look at an these other greal fea- 
tures! Bullt-In 300 watt, !#I ohm dummy load. 
bullt-ln 4:l balun and a bullt-In Ilghted motor that 
reabs SWR and forward and reflected power In 2 
ranges (MOand 2WO watts). Accuracy+lO% full 
scale. Meter lighl requires 12 VDC. 6 posltlon ah- 
tenna switch. 10% x 4'/2 x 15 inches. 

MFJ "DRY" DUMMY LOADS 

m a y o l l .  Just righi for tests and f ist tune up. Non- 
lnductlve 50 ohm reslstor In aluminum houslng 
wlth SO-239. Full load lo 30 seconds, de-tallng 
curve to 5minutes. MFJ-280 (300 watt), SWR 1.1:l 
to 30 MHz, 1.5:1.30-160 MHz, 2'/1~2~/rx7In. MFJ- 
262 (1 KW), SWR 1 3 1  to 30 MHz. 3~3~13Inches. 

MFJ ELECTRONIC KEYER 

M F J M O d u x e  Electronic Ksyer sends Iambic. 
abtomallc, semi-auto or manual Use squeeze. 
singleiever or stralght key. Plus/minus keylng. 8 
lo 50 WPM. Speed, weight, tone, volume mntrds. 
On/Off. Tune. Semi-auto nvltches. Spedker. RF 
proof. 7 x 2 ~  6 Inches. Uses 9 V baltery. 6 9  VOC 
or 110 VAC wltn AL aclapter. M~J-1305.  $9.95. 

DEALER. CALL TOLL-FREE 

800-647-1 800 
i." " 

Can 601-323-5869 ~n Mlss and outside - 
mntlnental USA Telex 53-4590 MFJ STKV 
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amplifier parasitics 
Dear HR: 

Richard Measures's article in the 
April, 1986, issue, "Grounded-Grid 
Amplifier Parasitics," was most in- 
teresting. It provided insight into sev- 
eral amplifier circuit designs that are 
indeed troublesome. 

I, too, experienced parasitic oscilla- 
tions in my first SB-220. While the 
plate tuning capacitor did arc over, no 
damage was done. A local Amateur 
who was well versed in VHF equip- 
ment construction pointed to the sil- 
ver mica capacitor and RF choke tied 
from each tube socket grid pin to 
ground as suspect. At his suggestion, 
the component leads were reduced to 
the shortest possible length. The 
choke was also re-positioned so that 
its "cold" end was laid against the 
chassis. This appeared to reduce the 
choke Q and lessen the probability of 
parasitic oscillation. After these simple 
modifications, the amplifier remained 
stable. The tuning capacitor never 
arc'ed again. 

For the past eight years I've had 
first-hand production experience with 
several hundred HF linear amplifiers 
using the Eimac 8874 and 8877. To 
date I've not seen a single case of para- 
sitic oscillation or instability of any kind 
with these tubes. In addition to care- 
ful circuit layout, the key to stable 
operation appears to be the use of 
Eimac's recommended tube sockets. 
It's no accident that a tube manufac- 
turer specifies all relevant operating 
parameters - from airflow require- 

ments, to element voltages, to such 
mundane items as heat-dissipating 
anode connectors and sockets. The 
E. F. Johnson socket specified for use 
with the 8874 can be mounted so that 
the grid pin terminal lugs are bent over 
and soldered directly to the socket sad- 
dle. The Eimac SK-2210 socket for the 
8877 provides four short, direct, grid 
grounding spring clips. In both cases, 
the grid-to-ground connection has 
very low inductance and a large con- 
ductive area. 

The possibility of interelectrode 
shorting demands the inclusion of a 
current limiting resistor in the plate 
supply. Without it, the tubes and HV 
rectifiers are in jeopardy. The resis- 
tance provides a voltage drop that's 
dependent upon the current drawn. 
The voltage drop can actuate a plate 
current relay that turns off the ampli- 
fier if the dreaded short occurs. This 
resistor, like the "feedback resistors" 
in AG6K's article, provides cheap 
insurance. 

Reliable equipment operation isn't 
magical. Nor is it accidental. It should 
be the heart of the design. 

Ray R. Heaton, NJOG 
Canon City, Colorado 81212 

Dear HR: 
Having had 36 - I repeat, three 

dozen - 572 tubes fail in a manner 
similar to that described by AGGK, in 
his April article (page 311, 1 found his 
conclusions very interesting and pro- 
vocative. 

The amplifier I was using was grid- 
driven, neutralized, and had parasitic 
suppressors in both plate and filament 
leads. The filament lead suppressors 
varied from several to as many as eight 
turns of No. 14 enameled wire wound 
on an 82-ohm 2-watt resistor. I had no 
arcing at the plate tuning capacitor to 
warn me because the capacitor is rated 
at 7000 volts. In every case, the big 
bang would result in one tube failing 
at a time. The tube would develop a 
grid-to-filament short and sometimes 
the filament would open. 

I liked AG6Kfs explanation and cure, 
but several things keep sticking in my 

mind. He says the cure is 90 percent, 
not 100 percent effective. In my case, 
on three or four occasions I definitely 
saw the grid meter give a reverse kick 
just before the big bang. The tubes 
were operated Class C with high bias 
voltage. 

He is right about lots of power be- 
ing involved, because the bang would 
blow the 30-Ampere fuses in the 234- 
volt line feeding the power supply. 

The trouble seems to have started 
around 1981. Tubes purchased before 
that time gave years of trouble-free 
operation. I have an old HXL-1 in 
which the tubes must be 15 years old. 
I may be wrong, but I came to the con- 
clusion that the troubles began when 
the manufacturer changed the amplifi- 
cation factor from 160 to 200. (1 have 
a feeling AG6K is going to write more 
on this.) 

John Labaj, W2YW 
Elsmere, New York 12054 

directive antenna 
Dear HR: 

W4MBfs article, "A New Class of 
Directive Antenna," (April, 1986, page 
107) - with its coverage of the Land- 
storfer antenna - was very interest- 
ing. I was impressed when this idea 
was recently demonstrated by Frank 
Rutter, K3AW, at the Tropical Ham- 
boree. Then I remembered that a little 
more gain can be developed with a 
straight shorter (5/4 wave) element 
Yagi which would be much simpler, 
mechanically, to reproduce. An exam- 
ple of this, the "extended double 
Zepp"-type Yagi beam antenna was 
described "The Extended Element 
Beam" in the December, 1983, issue 
of QST. 

The Landstorfer antenna does make 
a nice exercise in wave theory. May- 
be somebody will come up with a more 
compact structure that will provide in- 
creased gain and be useful for con- 
struction on the HF bands. A step in 
this direction is the log-Yagi as outlined 
by Leo D. Johnson, WBEB, in "Log 
Yagis Simplified" (ham radio, May, 
1983). Wayne W. Cooper, AG4R 

Miami Shores, Florida 
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a VHF noise bridge 
Measure resistances 

and reactances 
to within 3 ohms 

at 146 MHz 

Although there is no need to  enumerate the many 
merits of the noise bridge, it is not used as often as one 
might expect. One of the reasons for its limited accep- 
tance by the Amateur community may be that one needs 
some knowledge of the impedance-transforming 
properties of transmission lines as well as modest mathe- 
matical skills in order to take full advantage of its great 
measuring potential. 

Several excellent articles about noise bridges operat- 
ing in the frequency range of 3.5 to 30 MHz have been 
presented in this  magazine.'^^ However, to date, noth- 
ing has been said about a VHF noise bridge. 

The usefulness of a noise bridge depends mainly on 
itsaccuracy. Throughout the HF spectrum it is difficult 
to maintain a 1 percent accuracy over the relatively large 
frequency range of 3.5 to 30 MHz. In the VHF version 
bandwidth is small but the operating frequency is con- 
siderably higher, which posesthe main difficulty. Con- 
ventional noise bridge construction with a variable 
resistor and a variable capacitor does not lead to 
success. 

At VHF frequencies, a variable resistor of 200 ohms, 
for example, exhibits too much inductance. In addition, 
the sheer physical size of the variable capacitor in con- 
junction with the usually awkward position of its term- 
inals make it practically impossible to provide inter- 
connections without adding prohibitively large induc- 
tances, thus degrading performance severely. 

This article describes the construction of a noise 
bridge for the2-meter band (144 to 148 MHz) that has 
sufficient accuracy to permit credible and reproducible 
measurements on multi-element antennas or antenna 
systems consisting of antenna and transmission line. A 
practical example of determining the impedance of an 
antenna via its feedline from the shack is presented. 

The four items that control noise bridgeaccuracy are 
the wideband transformer, the variable resistor, the vari- 
able capacitor, and the physical layout (wiring). Obvi- 
ously, single-point grounding is mandatory. If we 
replace the variable resistor with a PIN diode and the vari- 
able capacitor with five parallel connected tuning di- 
odes, it is possible to shrink the size of the noise bridge 
to a minimum and achieve almost perfect wiring. A cer- 
tain weakness exists because of the rather poor RF 
properties of the SO-239 jack; because most Amateurs 
use the PL-259 plug, it was retained. 

the wideband transformer 
The transformer must have electrical symmetry and 

close magnetic coupling between primary and secon- 
dary windings. It consists of four tightly twisted No. 24 
enameled copper wires with 0.5 mm diameter. Two op- 
posite wires of the bundle are the primary and secondary 
windings. The bundle is threaded about 3.5 times 
through a toroidal core - for example, an Amidon T 
50-10. The beginning and end of each winding must be 
marked with short pieces of sleeving material and then 
connected per fig. 1. It is important to have equal wire 
lengths between transformerterminals A and D and cir- 
cuitry as well as between terminals B and C and point M. 
The toroidal transformer must be mechanically secured 
to the chassis with nylon hardware to prevent a change 
in calibration later on. 

noise bridge diagram 
The complete schematic of the noise bridge, shown 

in fig. 2 consists of a separate noise source and bridge. 
The noise signal is fed to the bridge via two equally 

long, thin coaxial cables26.8 inches (68 cm) in length, 
corresponding to a half-wavelength at 146 MHz. The 
noise source is a 6.2-volt Zener diode whose noise spec- 
trum is amplified and fed to transformer T2, which is 
identical to the bridge transformer TI .  The secondary 
center tap of T2 is connected only to the two shields of 
the coaxial cables and not to the ground system of the 
noise generator. This results in reduced chassis currents 
and guarantees a very sharp null indication by the bridge. 
The noise generator is housed in a shielded box away 

By A.E. Popodi, OE2APM/AASK, Moosstrasse 
7, Salzburg 5020, Austria 
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150-lo wcO~~ fig. 1. Winding interconnection diagram. 

mechanical layout 
Figure 3 shows the layout of the noise bridge com- 

ponents. A base plate of silver-plated brassservesasthe 
common mounting surface for all bridge parts. Point A 
is a short, insulated standoff; points K and L are good 
high-frequency feedthrough capacitors. Additional by- 
pass capacitors are provided in parallel with the feed- 
through capacitors. All five diodes are mounted 
between two small metal plates that have five holes 
each. This diode package is then soldered between their 
respective points. Point M, the center tap of the secon- 
dary winding, is a plain feedthrough insulator. Point N 
is a heavy but short grounding standoff. It is also the 
grounding point for the two coaxial cables that carry the 
noise signal. The reference capacitor C, must be sol- 
dered directly, with short leads, to the SO-239 jack. 

from the bridge section. The adjustable noise level winding of T I  is connected through a short piece of coax 
results in improved null indication in some receivers and to the BNC connector (output to receiver). This BNC 
helps in finding the null. The center tap of thesecondary connector should be insulated from the chassis. The 

22-clH choke provides the ground return for the diode 

+ 3 3 V  + I S V  

N .  INV CQ 

CAPACITANCE 

Except as indlcaled, declmal 
n1u.r of sapsltenc. are In micro. 
lands ("F); others are in plsokr. 
ads (pFk rsstrlances are In ohms. 

(26 8 INCHES1 k = 1,WO M = 1,000,000 

fig. 2. Noise bridge schematic. 
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current and the tuning voltage. A gear train is recom- 
mended for the R and C dials. 



control signals 
The PIN diode requires a stable, constant current 

source. A P-channel FET, Q l  , serving as constant cur- 
rent source, is controlled by the FET-input operational 
amplifier U1. At its input, a Zener reference voltage is 
compared with the voltage drop that the diode current 
generates across the variable resistor R1 and range- 
limiting resistor R2. The dial of resistor R1 is calibrated 
in ohms. Current range isabout 0.2to 10 mA, which cor- 
responds to a diode resistance variation of 150 to 4ohms. 
The connection to the diode should be made using 
shielded cable. 

The five parallel connected tuning diodes require a 
variable DC voltage of 0.5 to 28 volts, controlled by 
potentiometer R3. The purpose of the5.1-kilohm resis- 
tor is to linearize the (nonlinear) relationship between 
tuning voltage and capacitance. Transistor 02 provides 
a low impedance and its base-emitter junction serves to 
compensate forthe temperature coefficient of the tun- 
ing diodes. The 15- and 28-volt supplies must be 
regulated. 

calibrating the resistance dial 
The calibration of the R dial requires a little test jig to 

determine the relationship between diode AC resistance 
and DC current. This is shown in fig. 4. A signal gener- 
ator supplies a 30-MHz signal to point A of an SPDT 
switch that may consist of a small metal bar that makes 
contact with either point B (non-inductive test resistor) 
or point C (PIN diode). The DC current can bedelivered 
by the constant current supply described above or from 
an external DC source. A DVM is used to measure the 
current accurately. A second instrument is used to mon- 
itor the RF voltage at point A. The DC current must be 
adjusted until the voltages at B and C are equal. Three 
identical, non-inductive resistors of 50 ohms are re- 
quired. The first measurement is made with 25 ohms 
(two resistors in parallel). The next readings are taken 
with 50, 100, and 150 ohms. This test jig must be built 
on a copper-clad board, with short leads to all critical 
points; a common grounding point is important. If the 
values of current are plotted on 3-by-3 decade logarith- 
mic graph paper, the four points will lie on a straight line 
because of the logarithmic relationship between diode 
resistance and diode current. From this graph, the DC 
currents for all other resistance values can be read and 
the R dial can now be calibrated. (See fig. 5.) 

calibrating the capacitance dial 
This requires the measurement of the relationship 

between diode capacitance and DC voltage. The previ- 
ously mentioned diode package can be measured with 
a capacitance bridge, but the applied voltage must not 
exceed the tuning voltage. Capacitance meters that 
use constant current charging cannot be used because 
of the 6.2-kilohm resistor. 
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When we set out to make the best amateur radio 
equipment in the world, we had some pretty tough 
standards to live up to ... 

... yours 

... and ours. 

So we des~gned the RG850 Repeater Controller, the Industry's top of the 
llne rewater control Svstem Now In ~t's "lh~rd wave" ol Innovation. thanks to 11s 
des~gned lor the ~uturk architecture and new software releases 
The '850 defines the lndustry standard In repeater control systems 

a Fully remotely programmable with TwchTone commands 
a Ron1 panel LED d~splay 
a Over 300 Word customized male and female speech synthesis vocabulary 
a Trme/day of week Scheduler wrth 10 set-up slates. 30 changeovers and 

events. over 103 scheduled items for hands off operallon and automatlc 
reminders. 

a Full or half duplex autopatch, autodlal(250 numbers), emergency autod~al. 
reverse autopatch, anttdialer, toll reslrlcl lncludlng telephone exchange 
tables, suppons rernote and multiple phone llnes 

a lnformallve remotely programmable ID'S (17). tall messages (13). 
bulletln boards (5) 

a 16 channel volce response analog meter~ng, automallc storage ol 
mln/max values on each channel, values may be read back on command 
M may be Included In any programmable messages 

a Supports synthesized remote base lranscelvers and full duplex links 
a Indlvldual user access codes to selectable features 
a Matlbox fcf user-to-user, and system-to-user messages 
a Pag~ng- two-tone. 516 tone. DTMF, CTCSS. HSC dlsplay. 

user commandable and may be lncludecl In programmable 
messages (r e alarms) 

a Easy hookup to any repealer 

If your repeater budget can't afford the '850, we offer the 
RC-85 Repeater Controller, whlch we like to call the "second best 
repeater controller In the world. I ls a scaled down, slmplll~ed verston ol 
our '850, but overall, 11 olfers more capabtlrty and htgher qualrly 
lhan anyone elses control equlpmenl at any prlce. 

a Remotely programmable w~th TouchTone commands 
a Over 175 word cuslom~zed male speech synthesis vocabulary 
a Selectable "Macro seb" for easy COnhOl operalcf selection 
a Aubpatch, autcdral(200) numbers, emergency autcdlal, reverse patch 
a Remotely Programmable inlormatlve ID'S (7). tall messages (3). 

bullel~n board (2) 
a Supports Synthesized remole base banscelver, control receiver, alarm 
a Selectable. ~nlormative coullesy tones 
a Talklng S-meter. Two-tone paglng 
a Easy hodtup to any repealer 

For those who l~ke to "roll thew own". we can gel you off to a rolling start with 
our ITG32 Intelligent Touch-Tone Control Board. Much more 
than lust a decoder. IN'S a mint-control system of 11s own. w~lh the bastc 
repeater and rernote base functrons butlt-tn An0 It can hn tallored by you 
wlth 11s Personaltty Prom. 

a 28 remolely controllable latched or pulsed logic outputs 
a 4 alarm or remole sensed loglc inputs 
a Response messages to conf~rm command entry 
a Repeater funcl~ons Including COR. IDer, Ilmers. courtesy lone. etc. 
a Remole base lunclions Including control of Synfhestzed transceiver 

Our new Digital Votce Recorder lets you remotely record ID'S larl messages. a Remotely recordable var~able length aud~o tracks 
and varlous other response messages lor automatic playback through your accessed from controller messages 
repeater Audto IS stored dtgllally wlth no-compromise reproducllon quallty ~n a Top qualify no compromise audlo reproducllon 
up to e~ght megab~ts of memory The DVR can support up to lhree Independent a Supports up to three repeaters lor cost effect~ve lnstallatlon 
repeaters for a low per-channel cost Its TouchTone activated volce mallbox a Expandable to roughly 6 mlnufes of Speech In 8 megabits of memory 
lets your users easlly record messages for other users when they aren'l around a Easy interface to RG850. RC-85 controllers or lo any slan&alone repeater 

QST: Attention All Hams 
I1 you own a shack, you should know about ShackMaster" 
ShackMaster lels you carry your home statron wrlh you m the palm of your All w r  products are documented w~th htgh quality easy lo read manuals 
hand It acts as your gateway to the world lhnklng your handheld Our goal 1s to advance the stale of the repeater art But most of all 
lranscetver to your htgh performance HF stallon Now lnstead ol your our products put the FUN back tnto the FUN MODE1 
valuable home wuloment belno avallable to vou 1% of the llme 
11s ava~lable 99%'oi the tlmel hether  around the house In the yard 
or across town ShackMaster lers you take 11 wtth you 
But that s lust part ol ShackMastefs story It lets you commun~cate 
w~th the fam~ly by handltng thlrd party trafflc- 11s electronic mallbox and 
tntercom let you keep In touch And a stmplex patch lets you place 
~mporiant calls dtrectly through your home phone 

a Crossband Imkmg - VHF/UHF to HF 
a Telephone access to your home stallon 
a BSR Home Control lntertace 
a Electronic Mallbox 
a Shackpatch" Intercom Into the shack 
a PersonalPatch" slmplex autopatch 

QCC advanced 
computer 
controls. inc. 

To order one of these advanced control products, call 408-749-8330 
Techn~cal manuals are avallable lor purchase and the amount pa~d IS appl~ed 
as a depostt on the equipment For specll~cat~ons and a copy of our ACC 
Notes newslener, lust wrlte or Send In your OSL card to 

m 
V M  
m 

r /  197 

le31 
. ~ r i , l  Mastercard acl t r 11 11 

1081 6 Northrtdge Square Cuperl~no. CA 9501 4 (4083 74BM30 



Another method of measuring the capacitance in 
the noise bridge is to connect an inductor in parallel 
with the tuning diodes via a large DC blocking capa- 
citor. The DC voltage may be set to 3.5 volts. The 
anode terminals of the diodes must be isolated from 
the noise bridge circuitry and a 100-kilohm resistor 
connected from this point to the ground to provide 
a DC return for the tuning voltage. With the inductor 
connected, measure the resonant frequency first. 
Then add a known capacitance, 33 pF, in parallel with 
the diodes and measure the new resonant frequency, 
repeating this with 68 pF. The values of diode 
capacitance and inductance can now be calculated. 
Ater removing these additional capacitors, calibrate 
the C dial. For example, a capacitance of 70 pF is relat- 
ed to a specific frequency that is selected by adjust- 
ing the tuning voltage. A recommended inductance 
is 0.26 pH, about 7 turns of diameter No. 18 AWG wire 
with 0.35-inch (9 mm) coil diameter. 

calibrating the noise bridge 
In order to understand the alignment procedure and 

interpret noise bridge readings properly, it is impor- 
tant to analyze the effect of parasitic inductances. 

The equivalent circuit of a resistor that has self- 
inductance (as a result of excessive lead inductance) 
is shown in fig. 6. If we convert the series R-L circuit 
into its equivalent parallel R-L circuit, resistor R1 is al- 
ways larger than R and L1 is larger than L. Since L1 
is in parallel with the reference capacitor C0, it reduces 
its apparent value and the noise bridge variable capa- 
citor must be set to a smaller value than Co in order 
to balance the bridge. Therefore, if we measure a resis- 
tor with self-inductance, the noise bridge indication 
is a higher R value and a capacitance value smaller 
than Co. As an example, at 145 MHz, the noise bridge 
will measure a 50-ohm resistor at 51.34 ohms and with 
3.5 pF less capacitance than Co, if the series induc- 
tance is 9 nH. This happens to be the inductance of 
a 1-centimeter length of No. 28 wire. 

Figure 7 shows the actual electrical circuit of the 
noise bridge X terminal area. L is the inductance be- 
tween the center pin of the SO-239 connector and 
transformer, including leakage inductance. The refer- 
ence capacitor C is assumed to be non-inductive. R 
is the load resistor. Figure 8 shows the calculated 
resistive and capacitive components of the impedance 
measured between points A and B as a function of 
R, under the assumption that L=2.5 nH and C=58 
pF. It is interesting to note that for resistance larger 
than 23 ohms the apparent capacitance is larger than 
C. This capacitance enhancement is caused by the in- 
ductance L, which is in series with C, creating a ser- 
ies L-C tuned cirucit that operates below its resonant 
frequency. We also see that a %-ohm resistor appears 
to be only 38.8 ohms. If we reduce R from 50 to 25 

1: - !'i~~ 
fig. 6. Series to parallel component equivalents. 
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fig. 7. Noise bridge X terminal area circuit. 

ohms, the resistance decreases fairly linearly, but the 
capacitance decreases non-linearly from 64.5 to 60.1 
pF. In other words, the resistance variation results in 
a resistance and capacitance change. 

From the above it may appear that building an ac- 
curate noise bridge is very difficult, if not impossible. 
However, if we provide the same inductance of 2.5 
nH in the other branch of the noise bridge, the same 
capacitance enhancement occurs, but in the opposite 
direction and the above 38.8-ohm resistor becomes 50 
ohms again. Therefore, the criteria for correct noise 
bridge operation are as follows: 

1. A resistance change at the X terminal must not affect 
the capacitance reading. 

2. A capacitance change at the X terminal must not af- 
fect the R reading. 

3. A capacitance variation at the X terminal must be 
equal to the change of the variable capacitor. If we add, 
for example, a 33-pF capacitor in parallel with the refer- 
ence capacitor and if the variable capacitor is increased 
by only 25 pF to obtain bridge null, then the capacitance 
enhancement at the X terminal side is too small. We 
must therefore add inductance to the X terminal side. 

How well these criteria are met depends on transform- 
er construction and alignment. Despite the low imped- 
ance level of the bridge circuitry, parasitic capacitances 
also affect noise bridge accuracy. PIN- and tuning di- 
odes may also introduce self-inductance. 
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THE MOST COMPATIBLE ACCESSORIES 
ON THE BLOCK, JA? 

Ja. 
Because component compatibility is 

what it takes to get the most out of a 
satellite TV system. 

Which in turn keeps customers happy 
and out of your hair, 

That's why all of our Luxor compon- 
ents-from the receiver to the antenna- 
are precisely engineered to be perfectly 
matched with each other. 

Including our fine qual~ty accessories 
for multiple receiver installations. 

(1) DC-Passing Amplifier which 
pushes signal 20 dB to increase the cable 
length or the number of receivers. (One 
amplifier allows approximately 200 more 
feet of RGfi.) 

(2&3) 4-Way and 2-Way DC-Passing 
Power Dividers. 4-Way splits signal to up 
to four receivers; 2-Wav to two receivers. 
(Each port passes DC from LNB input 
allowing complete flexibility in s w i t c m  
receivers onloff.) 

(4) DC-Passing 10 dB Signal 
Attenuator h c h  reduces signal level 
where there is a short run in a system 
that requires hgher signal levels 
elsewhere. 

(5) DC-Passing VIH Switch for selec- 
tion of polarity at the receiver. It also 
passes the t 1 8  volts only to the LNB it 
is selecting. 

Filter (not shown) clears up the 
picture in heavy interference or urban 
areas. Onloff switch for transponders not 
exposed to TI. 

For more information on Luxor's 
complete line of compatible components, 
see your Luxor distributor. Or call toll 
free 1-800-245-9995. 

Luxor oi Scondinovia. 
The birthplace of satellite n! 



Zo sinh (a + jb) - (RIN + j XIN) cosh (a + jb) 
ZL= RL + jXL= Zo (RIN + j XIN) sinh (a + jb) - Zo cosh (a + jb) (1 1 

(RL + jXL) cash (a + jb) + Z, sinh (a + jb) 
zIN = RIN + j XIN = Zo (2) 

(RL + j XL) sinh (a + jb) + Z, cosh (a + jb) 

a - Nepers b - Radians 

Z,R, (I + + B ~ )  - A (zZ + ~j~ + x j N )  
RL = Zo (3a) 

22, + ( A ~  + B2) ( ~ f ~  + XfN) + 2Zo (BXIN - ARIN) 

zduIN (I - A2 - g2) + B (RjN + +jN - ZZ) 
XL  = Z, (3b) 

22 + ( A ~  + B2) ( ~ f ~  + XjN) + 22, (BXIN - ARIN) 

(RL + Zo A )  (Zo + ARL - BXL) + (RL + AZ,) (AXL + BRL) 
RIN = ZO (4a 1 (2,  + ARL - BXL)2 + (AXL + BRL)2 

(XL + BZo) (Z, + ARL - BXL) - (RL + AZ,) (AXL + BRL) 
XIN = z o  (4b1 

(2 ,  + ARL - BXL)2 + (AXL + BR,)~ 

e4" - 1 D = I + e4" + 2e2" cos (2b) A = - B = 
2e2"sin (26) 

D D 

a - Nepers b - Degrees e = 2.71828 

Parallel to series conversion: 

Rs = Rp X f J  xs = xp RZ, (51 
R$ + x$ R$ + X$ 

Series to parallel conversion: 

R p  = R5 + x5 X p  = + X.4 
s xs 

Table 1. Conversion formulas. 

recommended calibration procedure minal side (this inductance may consist of a simple0.157 
inch, wire loop). If necessary, the taps on the center 

All parts must be added directly in parallel to the refer- balancing inductors shown in fig. 3, may be changed. 
ence capacitor C,, using the shortest possible leads. This balancing inductor consists of three turns of bare 
1. Connect a non-inductive, 114-watt resistor in paral- wire, its center point soldered to the feedthrough insu- 
lel to C,. lator. If equalitycannot beachieved, the ratioof the two - 
2. Set the resistance dial to 50 ohmsand the capacitance 
dial to a value equal to the sum of C, and the SO-239 
socket capacitance (in our case, 59.5 pF). If there is no 
noise null, slight bending or reshaping of the transformer 
leads will help. A small piece of ferrite held close to one 
of the wires indicates where to correct. 

3. Add a 33 pF capacitor to C,. if the capacitance dial 
must be increased by less than 33 pF to obtain bridge 
null, additional inductance must be added at the X ter- 

capacitance values (which is larger than unity) can be 
used asan instrument correction factor so that any read- 
ing on the capacitance dial is multiplied by that factor. 
This improves bridge accuracy. 

4. Add another 50-ohm resistor in parallel to the first one. 
The R dial should indicate 25 ohms, and the C dial set- 
ting should not change. 

5. Adding a 33-pF capacitor to the first 50-ohm resistor 
should not affect the R dial indication. 
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L = 9.B"ll 
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f. I4SYHl 
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40  
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fig.8. Calculated resistiveand capacitivecomponentsof 
the impedance measured between points A and 8. 

AN7ENNA 
r - - - - - - - - 1  

L - - - - -  - - -  J 
ZL - RL - IXC 
2,. 24 s.s-i*4.oss 

fig. 9. Noise bridge application. 

measuring admittances 
with the noise bridge 

The ideal location for admittance measurements ison 
the C, side of the SO-239 connector, butthis is not con- 
venient. Measurementson the other side of theconnec- 
tor are easier to make. However, the additional induc- 
tance of the 0.748-inch center pin reduces accuracy, 
especially if adapters must be used. For example, the 
differenck in R and C readings is about 1.5 ohms and 2 
pF if a 50-ohm BNC termination resistor is measured, us- 
ing a PL to BNC adapter. However, the error is small. 

measuring antenna impedance: 
example 

The block diagram of the test setup is shown in fig. 
9. It isassumed that theantenna may be represented by 
the series connection of a 24.846-ohm resistor and a 
24.91-pF capacitor. The noise bridge isconnected to the 
cable input with the2-meter receiver sewing as bridge 
null indicator. 

A t  this point we must digress and remember that we 
can calculate the load impedance ZLof a transmission 
line from the (measured) input impedance ZINif the ca- 
bleparameters - attenuation, length, and characteristic 
impedance - are known. Likewise, we can determine 
ZIN if ZI. is known. These conversions can be made with 
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Smith charts, butformulasare moreaccurate and con- 
venient, especially if a programmable calculator or com- 
puter is available. Table 1 is a listing of the required 
formulas. Formulas 1 and 2 can be used if you have a 
programmable calculator with complex operating mode 
(for example, an HP-15C). Formulas3 and 4 lead to the 
same result, but are more cumbersome to use. 

Since the noise bridge readings are in parallel resis- 
tance values and the formulas assume series configura- 
tion, we must convert parallel-into-series circuits and 
vice-versa. These formulas are also listed in table 1. 

The most important cable parameter is length, 
represented by the term b in the formulas; it must be 
known fairly accurately. One method of determining the 
cable length, besides actually measuring it with a scale, 
is to disconnect the antenna from the coax and connect 
instead a suitable known resistor. You can then calcu- 
late with formulas 2 or 4 the cable input impedance ZIN 
and compare it to the input impedance that was meas- 
ured with the noise bridge. If there isa difference, try oth- 
er values forb until agreement is reached. 

In our example, assume the cable length is not precise- 
ly known and estimate a length of 31.3 feet (9.55 
meters). (Figuregshows the exact length as31.49feet, 
or9.598 meters.) The cable length corresponding to one 
wavelength at 145 MHz is 

where the factor 0.66 is the velocity constant of the 
cable. Since we haveassumed a length of31.3feet (9.55 
meters), the value of b in formulas 1 and 2 becomes 

9 55 1 b = 360 " - - = 43.943 radians (2) 
1.3655 5 7.296 

The factor 57.296 converts degrees into radians. If we 
use formulas 3 and 4, b must be expressed in degrees. 

The value of a, the attenuation of the 31.3-foot 
(9.55-meter) cable, can be found from a handbook. As- 
suming 3 dB per 100 feet (30.48 meters), we obtain: 

a = ' 9'55 0.115 = 0.1081 Nepers (3) 30.48 

The factor 0.1 15 converts dB into Nepers. The charac- 
teristic impedance Z, is assumed to be 50 ohms. 

Now terminate the coax with a known resistor. Select 
a value that renders readings well within the range of the 
noise bridge. Obviously, values too close to 50 ohms 
must be avoided. The resistor must be accurately meas- 
ured with a DVM. Solder the non-inductive (preferably 
114-watt) resistor, keeping leadsasshortas possible, be- 
tween the center pin and flange of an SO-239socket and 
then plug it into the coax. The load impedance in our ex- 
ample is: 

(all values are expressed in ohms). Using formulas 2 or 
4, the input impedance ZINis calculated to be with a = 

0.1081 and b = 43.943 to: 
ZIN = 87.299 + j 4.046 

This is the input impedance measurement that should 
be indicated by the noise bridge. 

The noise bridge readings (taken at 145 MHz) are: 
RNB = 77.5 ohms and CNB= 65 pF. Since the 
capacitance setting for a pure resistor is 59.5 pF, the 
capacitance difference is5.5 pF. This represents, at 145 
MHz, a capacitive reactance of - j 199.57 ohms. The 
noise bridge readingsare therefore77.5ohms in parallel 
with - j 199.57 ohms. Converting into its series equiva- 
lent, using formula 5, we have ZIN = 67.34 - j26.15. 
Comparing this with the above calculated value for ZIN 
from Z L  for another set of parameters, aand b, we find, 
after a few trials, we that a = 0.109 and b = 44.3406 
render the best agreement between measured and cal- 
culated ZIN. This value is 

ZIN = 69.67 - j27 
This compares favorably with the noise bridge measured 
input impedance of ZIN = 67.34 - j 26.15. 

Having found the correct cable parameters, recon- 
nect the antenna (in our example, the test load) and 
measure the input impedance ZINwith the noise bridge. 
The readingsare: BNB = 40ohms, CNB= 83.5pF. The 
actual capacitance is83.5 - 59.5 = 24pF. Capacitive 
reactance is - j45.73. Converting into itsseries equiva- 
lent with formula 5, we obtain: ZIN = 22.66 - j 19.82. 
This is the measured cable input impedance with the an- 
tenna connected. Thisvalue must be inserted in formu- 
las 1 or 3 to calculate the antenna impedance ZL, using 
a = 0.109and b = 44.3406. The result is: ZL = 27.195 
- j 43.97. This is the measured antenna impedance. 

As shown in fig. 9, the actual load impedance is ZL 
= 24.846 - j 44.066. 

This isa remarkably good result, considering the high 
operating frequency and the fact that the assumed 
values for cable attenuation and characteristic imped- 
ance may not be correct. However, errors in aand Zoare 
much less significant than errors in b. 

In thisexample, theactual load consistsof a 103-ohm 
resistor in parallel with an 18.9-pF capacitor, which is the 
parallel equivalent. This permits a more inductance-free 
connection, thereby reducing the instrumentation error. 

summary 
The construction of a VHF noise bridge that is ac- 

curate enough to permit credible and reproducible meas- 
urements on antenna systems is possible if a PIN diode 
serves as variable resistor and tuning diodes replace the 
variable capacitor. The component layout must be such 
that no wiring interconnectionsare necessary. Undesira- 
bleground currents that degrade the null indication are 
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avoided using single point grounding, a brass mounting 
surface, balanced noise injection, and proper transform- 
er construction. 

For antenna measurementsvja the feedline, we must 
know its exact length. If the length is not known, it can 
be found from measurementsof the cable input imped- 
ance with the noise bridge and by comparing thisvalue 
with the calculated input impedance, using a known ter- 
mination resistor. Oneadvantageof thismethod is in the 
fact that the calculated value of b represents the actual 
cable condition and includes its velocity constant, which 
does not have to  be known. All necessary formulas to 
calculate load impedance from input impedance, and 
vice-versa, are presented as are network conversion 
formulas. 

If the above method cannot be used because we can- 
not connect the test load, or if the cable length is not 
known accurately enough, the noise bridgereadingsare 
still the exact load impedance that the transceiver 

' 

"sees."This load is the antenna impedance, which may 
be transformed by the transmission line intoa complete- 
ly different value, depending on cable length. 

If you want to  measure impedances directly at the X 
terminal, be careful to  avoid undesirable inductances 
and capacitances. Series connection of several adapters 
will degrade accuracy. Generally, a resistor with series 
inductance (or self-inductance) measures higher; the 
capacitance reading is below the reference value. 

To circumvent the deficiencies of the SO-239 connec- 
tor, measure the unknown impedance using a coaxial 
cable half a wavelength long at the frequency of interest, 
with properly integrated PL-259 plugs on both ends. 
Thus, the SO-239 connector becomes part of the coax 
geometry and does not affect accuracy. Components 
must be connected with the shortest possible leads, 
preferably using an SO-239 jack that is then connected 
to  the cable. 

Possible sourcesof error are the instrument tolerance 
in the nolse bridge and discrepancies in the assumed 
values for cable attenuation and characteristic imped- 
ance. The validity of the formulas may also be ques- 
tioned. But according to numeroustests - and bearing 
in mind thestatistical distribution of errors - the RMS 
error of this VHFnoise bridge is less than3ohmsin both 
the resistive and reactive components. 

There is still room for improvement of the presented 
design, possibly in transformer construction, bridge 
alignment, and in establishing electrical symmetry be- 
tween theX terminal and reference branch of the noise 
bridge. 
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artificial transmission lines 

Construction of striplines 
and hybrid couplers 

using hand tools 

Impedances can be matched in a variety of ways; 
some examples are the well known 114-wave stub and 
its lesser known cousin, the series-section matching 
line. For OSCAR work, where circular polarization is 
required, the branch line hybrid is ideal. 

In most matching methods, transmission lines of 
non-standard impedances are required. The easy way 
out is to parallel two or more coax cables to come 
close to the required impedance; the harder way is to 
fabricate transmission line from copper pipe and brass 
tubing. Series-section matching uses two or more 
lengths of different, but standard value impedance 
coax. The problem with these, however, is splicing 
them together. 

fig. 1A. Two printed circuit boardsareassembled to form 
a stripline transmission line. 

stripline 
One form of transmission line used at UHF is called 

stripline. It is basically two printed circuit board strips. 
One PC board has a ground plane on one side and the 
transmission line center conductor etched on the other 
side. The other PC strip has a ground plane only. The 
two are assembled as in fig. 1A. To complete the self- 
shielding feature, such as in coaxial cable, a conduc- 
tive foil covers the exposed edges of the dielectric. The 
impedance of a stripline transmission line impedance 
is directly proportional to the width, W, of the line and 
inversely proportional to the ground-plane spacing, b. 
The W/b ratio and the dielectric constant, 6 ,  of the 
laminate determine the impedance of line (see fig. 1B). 

But there's a problem with stripline. Printed circuit 
boards are fairly thin, and the center conductor width 
is small for the more popular line impedances. Thin 
traces are suitable for printed-circuit manufacturing 
but are rather awkward for the average ham to 
manufacture. The way to circumvent this problem is 
to widen the ground-plane spacing with Plexiglass@ . 
The center line thus becomes proportionally larger for 
the same impedance (see fig. 2). 

A quarter-wave artificial line was made with a 
printed circuit board exterior, two Plexiglas spacers 
and 0.002 inch (0.05 mm) brass shim stock for the cen- 
ter wire (fig. 3). Measurements were made with a 
General Radio admittance meter type 1602-A (fig. 4) 
at 150 MHz. The result for 0.25 inch, 0.125 inch and 
0.062 inch Plexiglass is shown in fig. 5. Some advan- 
tages are obvious; for a line impedance of 50 ohms 
and using 0.25 inch (6.5 mm) spacers the center con- 
ductor width is 0.4 inch (10 mm), a dimension easily 
cut with average tools. But consider, too, the surface 
area. Most readers know about skin depth at radio fre- 
quencies. RF travels on the skin of a conductor. At 

B y  Rudolf E. Six, KA80BL, 30725 Tennessee, 
Roseville, Michigan 48066 



fig. 1B Impedance of the aripline is determined by width 
to ground-plane spacing, Wlb and dielectric constant r .  
of laminate. 

a depth, 6, ("skin depth") the current decreases to  37 
percent of its surface value. For a copper conductor, 

where 
6 = skin depth (inches) 
f = frequency (Hertz). 

As an example, at 150 MHz skin depth would be 
0.00021 inch (0.005 mm). Thus, 0.002 inch (0.05 mm) 
shim stock is adequate for UHF. A width of 0.4 inch 
(10 mml is equivalent to a round center conductor of 
approximately 0.25 inch (6.4 mm) diameter. 

The resonant length depends on the dielectric of the 
Plexiglass: 

where 
V = velocity of propagation 
f = dielectric constant 

and 

3 10'0 v L =  
f- 

where 
L = electrical wavelength (cm) 
f = frequency (Hertz) 
V = velocity factor 

The measured velocity factor was 0.60 or a dielectric 
constant of 2.78, close to the listed constant of 2.8 
for Plexiglass. The Fiberglass part of the PC board is 
part of the line dielectric ( f  = 4) and affects the total 
dielectric constant as the Plexiglass gets thinner. I used 
a velocity factor of 0.6 for the length calculation of 
quarter-wave stubs. The SWR, being the important 
factor, is flat over a wide frequency range. The hybrid 

I 

COPPER FO!L 

FIBERGLASS 

L \ 

BRASS FOIL 

fig. 2. Ground-planespacing may ba widened with Plex- 
iglas~ to avoid the problem of small center conductor 
width in common PC boards. 

fig. 3.114-wavestub fitted withaGR connector on theleft and 
a s o h m  termination madeupof fourfilm resistorson theright. 
Aluminum foil wrap stub are held together with paper clips. 

I. - - -  
fig. 4. Test setup using the GR 1602-A bridge. 

coupler, however, has a sharp isolation bandwidth and 
several factors affecting resonant length, which are 
discussed later. 

construction of stripline 
The center conductor is 0.002 inch (0.05 mm) brass. 

This is available as brass shim stock in sheets or rolls 
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from machine tool supply firms. Figure 6 shows the 
fixture used for accurately slicing the shim stock. The 
base is a thick slab of Plexiglass. Formica or bakelite 
would also work, but the material must be hard 
enough so an Xactom blade won't cut into it. I bought 
two stek~ rulers and mounted one firmly to the Plex- 
iglas~. I attached the second ruler with two DeStaco 
hold-down clamps, also available from tool supply 
firms. 

To cut an accurate strip, the shim stock edge is 
placed against the fixed ruler. The second ruler, with 
the shim underneath, is spaced to the required width 
with vernier calipers. The clamps are secured and an 
Xacto knife is used to slice the brass shim stock. It 
takes a little practice, but the results are much better 
than you'd get with scissors. 

The plastic spacers are Plexiglass brand Lucite.@' 
I used this well-known brand because of its widespread 
availability and the possibility of variations in the die- 
lectric constant of other brands. Check the thickness 
of the Plexiglass; it does have some rather wide toler- 
ances. The printed circuit board is standard 0.0625 
inch (1.5 mm) G-10 glass epoxy. A table saw with a 
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fine-tooth blade was used to cut the Plexiglass and 
the PC board. 

To mount the RF connector, a hole is first drilled 
through one of the PC boards and both Plexiglas 
spacers. The bottom PC board is left undrilled. The 
diameter of the hole is the width of the mounting 
flange of the RF connector. I used BNC connectors 
because most of my test equipment uses BNCs. BNC 
connectors, however, are prone to be intermittent. 
Use UHF connectors for 2-meter work and N connec- 
tors for 70 cm and above. The TNC connector is excel- 
lent for low-power work at UHF. Not well known to  
Amateurs, the TNC is small and has low SWR charac- 
teristics." 

A small hole was drilled into the brass strip for sol- 
dering to the connector. This presented quite a pro- 
blem since the spinning drill grabbed the thin brass, 
but the problem was solved by squeezing the brass 
strip between two pieces of scrap Plexiglass (fig. 7) .  
The top piece has a hole predrilled to  the right 
diameter. The brass strip is positioned accurately 
underneath, then the assembly is held firmly by hand 
and the hole is drilled through. The result is a nice 
clean hole in the right place. 

SPACER 

I---I , ! r 0 . 0 5 6 ' f l . < d P C  

7 

I 

fig. 6. Tools for cutting brass shim stock. 

fig. 5. Test results for the stripline shown in fig. 3. 
Measurements weremade with a GR 1602-Aadmittance 
meter at 150 MHz. 

- 

fig.7. Drillinga holeinthe brassshimstock.Two piecesof Plex- 
iglas~ are used to guide the drill. 

'Microwave Components, 11216 Cape Cod. Taylor. Michigan 48180. 
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fig. 88. UHFconnector has been filed down to fit. Notesolder 
access hole for the connector on the back side. 

03 2 5 '  
133 7 c m I  

fig. 8C. A quarter-waveZ-meter power splitter. 

- 
131 7mml 

The transmission line is ready for final assembly after 
the center conductor has been soldered to the RF con- 
nectors. I could have drilled a number of holes and 
held the transmission line together with nuts and bolts, 
but I found it easier to glue the whole assembly. I sim- 

1 - 
*:?:I 

l:j;l 
0  12' 

118 J n m l  I 

1 1:j:a 

ply held everything together with C-clamps and wicked 
plastic glue along the edges with a hypodermic nee- 
dle. The glue is methylene chloride."" 

Avoid using plastic glue with acetic acid as an ingre- 
dient (vinegar odor); it is conductive. A variety of glues 
are available from commercial firms selling plastics. 
The outer conductor is completed by soldering 0.001 
inch (0.03 mm) brass shim stock between both PC 
boards. 

How wide should the line be made? Or in other 
words, how far away should the center conductor 
edge be from the outer shield? If the transmission line 
is too wide, it tends to be inductive; if it's too narrow, 
the line impedance is affected by the outer shield being 

12 16 - 
1 3 0 5 2 r m l  

fig. 8A. Dimensions and layout of a power splitter used for impedance matching. 

fig. 9. The pieces making up a hybrid coupler. When the strip 
was cut, a line was drawn with a needle to  mark the center of 
the strip. This line was used for drilling the solder hole. 

"Weldon 3'. available from Industrial Polychernical Service. P.O. Box 379. 
Gardena. California 90247. 
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too close to  the center conductor. I found the best the input impedance, Z,, of a quarter-wave line ter- 
distance between center strip and outer shield to be minated in a resistive impedance, Zh, is 
equal to the thickness of the spacers. Thus if 0.125 
inch plastic spacers are used, the total width of the Z, = Z12/Zb 
stripline is 0.375 inch (including the 0.0625 inch PC where 21 = impedance of quarter-wave line, 
boards) larger than the width of the center conductor. rearranging 

Z l  = V'z;z/, 
matching lines 

A quarter-wavelength matching line is used to This means that the matching line, commonly called 

demonstrate the first practical use of these striplines. 
The impedance transforming properties of quarter- 
wave transmission lines are well known. Most 
Amateurs use them to couple antennas with an imped- 
ance different from that of the feed coax. Basically 

fig. 10. Completed hybrid couplers for 2 meters and 70 cm. 
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fig. 12. Isolation port is necessary to keep unwanted cur- 
rents out of the system, resulting in isolation between 
ports. 
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fig. 13. Reflected current due to poor port matching. coupler. 
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a Q section, must have an impedance, Z l  to  match 
an antenna 2, to coax Zb. If two antennas of 50 ohms 
are paralleled, the impedance is 25 ohms, and a Q sec- 
tion of 35 ohms is required to match this combination 
to 50-ohm coax. 

The dimensions and layout for such a power split- 
ter are shown in fig. 8A. With 0.25 inch (6.4 mm) 
spacers, the SWR was less than 1.1:l from 144-148 
MHz. A UHF connector was soldered to each side of 
the line to make it possible to solder them side by side. 
Even so, their mounting base had to be filed down to 
make them fit fig. 86. The mounting hole for the UHF 
connector was drilled through both PC and Plexiglass 
strips so the center conductor could be soldered to 

I , 

-- - 3 0  

ISOLATION ldBl  

-- -20 

-10 A-p, 

each connector from the back. A completed power 
splitter is shown in fig. 8C. Various types of power 
dividers are covered in reference 1. 

14 4 145 146 147 148 

FREOUENCY (MHz1 
ISOLATION PORT I  TO PORT 2 

(wrdfh 01 dlelsclnc) 

fig. 14.2-meter hybrid coupler: (A) Port 1-2 isolation; (B) 
dimensions. 

-- - 20 

hybrid couplers 

-- 

Made up of interconnected transmission lines, the 
branch-arm hybrid coupler provides a 3-dB power split 
and a 90-degree phase shift between both outputs 
(fig. 9). Complete units for 2 meters and 70 cm are 
shown in fig. 10. This is ideal for OSCAR 10 commu- 
nications, in which two Yagis are mounted at right 
angles to each other and fed out of phase by 90 
degrees. Depending on which antenna is fed first, we 
can get right-hand or left-hand circular polarization. 
The hybrid coupler can be used in reverse to combine 
the signal returning from the satellite. Ernie 
Franke, WA2EWT, wrote an excellent article on this 
device.= 

I constructed a hybrid-coupler from coax for the 
receiving end of my OSCAR 10 station. Three coax 
cables, including the outer shields, had to be soldered 
to each RF connector. Because the physical result 
didn't exactly excite me, I tried to come up with a bet- 
ter way of making these couplers; this led to the work 
presented here. (Although the basic idea behind these 
couplers is covered in this article, I would also recom- 
mend that anyone interested read parts 1 and 2 of 
reference 2.) 

The quarter wavelength 50-ohm line parallels port 
1 and port 2 with a total resistance of 25 ohms at port 
2 (fig. 11). Note that port 1 has a 90-degree phase shift 
from port 2. The 35-ohm line is used to convert the 

ISOLATION (dB1 

-10 

l : i : ; : : , : : : : : : : ; : : : : l  
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fig. 15. Test results of the2-meter hybrid coupler operat- 
ing in the70-cm band. 



25 ohms back to 50 ohms. Adding a second leg (fig. 
12) sets up the following conditions. The current from 
the generator divides itself between port 2 and port 
1 as before. A much smaller current also flows towards 
the isolation port from the generator following two 
paths. The long way around is one-half wavelength 
longer, or 180 degrees out of phase. These signals 
arrive in opposite polarity and cancel. This virtual short 
at the isolation port sets up two shorted quarter-wave 
stubs, one toward the generator and one toward port 
1. Their high impedance prevents current from flow- 
ing into the isolation port. 

Now what happens when reflected current flows 
back into port 1 because of poor port matching? The 
reflected current is absorbed by the isolation port and 
the generator. Again a small current flowing toward 
port 2 by way of two paths creates a virtual short at 

L 

port 2. The resulting shorted quarter wave stubs pre- 
vent current flow from port 1 to port 2. The result is 
isolation between ports (fig. 13). 

The first hybrid coupler constructed was for 2 
meters. With care in fabrication, excellent isolation can 
be achieved between ports (fig. 14A). Inside and out- 
side cuts on the Plexiglass and PC frame were made 
with a table saw. Make sure the result is square. The 
distance between the RF connectors was marked 
accurately before a pilot hole was drilled. Good isola- 
tion depends on equal distances between ports. Even 
if the frame isn't perfectly square, make sure these dis- 
tances are equal. Note the width of the frame legs, 
0.625 inch (16 mm) and 0.775 inch (19.7 rnm). One 
might think that a fractional value would be hard to 
duplicate; buy a pair of inexpensive plastic vernier 
calipers and practice on a piece of scrap before mak- 
ing the final cut. All the hybrid couplers used 0.125 
inch (3 mm) Plexiglass. The completed assembly was 
held together with eight small C-clamps. Methylene 
Chloride was wicked between the pieces with a 
hypodermic needle (a small brush or Q-tipo would also 
work). 

After approximately an hour's drying time, the shield 
is completed by soldering on the 0.001 inch (0.03 mm) 
brass shim stock. 

Width of the stripline also affects the frequency res- 
onance of the coupler. The line becomes inductive 
with increasing width. Since 0.125 inch (3 mm) Plex- 
iglas~ is used, the line width is 0.375 inch (9.5 mm) 
wider (including the 0.0625 inch [I .5 mml PC boards) 
than the brass center conductor. All these factors are 
much more apparent in the hybrid coupler than in the 
simpler power splitter because the hybrid coupler 
tunes more sharply. 

I also ran some tests with the 2-meter hybrid cou- 
pler at the third harmonic in the 70 cm band. Each leg 
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HF-MODEM 

The ST-8000 HF MODEM is a high-performance;fully adjustable modulatorldemodulator for use in 
high-frequency radio data systems. The HF Modem features fully adjustable frequencies and baud 
rates, memories, diversity, regeneration, print squelch, CRT tuning indicator, and multiple AM or FM 
detectors. The bandwidths of the input filter, Mark filter, Space filters, and post-detection filters are 
tracked with the selected data rate(l0 to 1200 baud) to assure optimum signal recovery for all signals. 
Front panel parameters may be controlled from an external ASCII terminal or computer. A full comple- 
ment of 110 interfaceoptions allows useof theST-8000 withvirtually any terminal and radiosystem. In- 
stall the HAL DS3100ASR CRT terminal and ST-8000 HF Modem in your communications system and 
enjoy the benefits of a data system designed for radio operators. 

*Tuneable from 500 to 4MM Hz in 1 Hz steps 
*Set 10 to 1200 Baud in 1 baud increments 
*Four input band.pass lilters 
-32 matched Mark and Space filter bandwidths 
'Mark and Space 7.pole Innear phase LP fllters 
*Filter BW and seleclion computed and sel 
by microprocessor front panel controls 

-RTTY shtfts from 40 to 3500 Hz 
*Eight programmable non-volatile memories 
*Spltt or transceive RXlTX tone selection 
-FM or AGC.controtled AM signal processing 

- 65 to + 20 dBm dynamic range (AM or FM) 
*Exclusive HAL Digital Multi.Path Correction 
(DMPCTM) 

*MIS. Mark Only (MO) or Space Only (SO) detector 
modes using Adpatlve Threshold Detector ( A T D ~ ~ I  

*Adlustable Pr~nt Squelch and non-d~verslty Amplitude 
Squelch 

*Exclusive HAL Infinite Resolution Diversity Control 
(IRDCTM) 

*D~gilal stgnal regeneration 

*ASCIIIBaudot code and speed conversion 
*Quick Brown Fox and RYRY . . . test message 
generator 

-Programmable Selecl~ve.call (SELCAL) 
prinler control 

*Transmitter PTT KOS control 
*Antispace 
'RS232C. MIL-188C. or TTL Term1nal110 
*LP1200Oplion for polar or neutral loop 
98. 600. or 10K ohm input impedance 
-8 or 600 ohm output with adjustable level . 
*AFSK or FSK transmitter outpuls 
*Remote terminal or computer conlroi 
of all demodulator parameters 

*Exclus~ve HAL Spectra.TuneTM and X-Y 
MarklSpace CRT tuning indicators wtth automatic 
trace onloft control 

*100.1301200.250 VAC. 44.440 Hz power 
-3.5' hlgh rack mounting cablnet (14" deep) 
*Shielded and flllered for radlo svstem use 

Inftntte Resolutton Dlverstty Control (IRDC). Spectra.Tune. Dtgttal Mulll.path Correction (DMPC), and Adaptlve 
Threshold Detector (ATD) are trade marks ot HAL Commun~cat~ons. patents pendlng 

Write or call forcompleteST-8000 specifications. We thlnk you will agree that it opens new frontiers in 
radio data communications. Contact the Government & Commercial Products Division for price and 
delivery information. 

HAL Communications Corp. 
C;ovc.rnrnc,nt R Commercial Products Division 
1201 W. Kvnyon Kodtl 
P.O. Box 3(,5 
Uri,.lna, lL h1801-OX15 
( 2  1 ?) 3b7-7.37 1 TWX: '? IO-LJj-U7RJ 
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then becomes 1 and 1/2 wavelengths. The frequency 
tripled almost perfectly (fig. 15) and again with good 
isolation. 

The second coupler was made for the 70 cm band. 
Dimensions are shown in fig. 16. As the coupler 
becomes smaller, care in construction becomes even 
more important. The center of the frame had to be 
cut with a sabre saw because the unit is too small for 
a table saw blade. A file was used to finish the dimen- 
sions. This unit will be used for the transmitting end 
of OSCAR 10. 

Presently the rig has one low-power amplifier and 
the output drives two crossed Yagis with a matching 
arrangement. I can now double the output by adding 
an amplifier. Impedances are 50 ohms, and the advan- 
tage here is that I can tune antennas for minimum 
SWR with a standard 50-ohm SWR bridge. 

conclusions 
The aim of this article has been to present a simple 

method of constructing matching devices of high qual- 
ity, in which connector problems commonly encoun- 

Appendix A (See fig. 5.) 
The information below is provided for the benefit of readers who wish t o  make their own graph for the data shown i n  fig. 5. 

Zt W 1/zc 21 
termination spacers conductance susceptance impedance 

(ohms) inch (mml  (pmhos) (pmhos) lohms) 

0.25 inch 50.2 0.047(1.19) 3.4 0 121.5 
(6.5 mm) 50.0 0.097 (2.46) 5.1 0.4 99.0 

50.3 0.150 (03.8) 7.2 0.15 83.6 
50.1 0.203 (5.16) 9.5 0.3 72.6 
50.1 0.245 16.22) 11.4 0.3 66.3 
50.1 0.297 (7.541 13.9 0.5 60.0 
50.2 0.348 18.84) 16.35 0.9 55.4 
50.2 0.403 (10.2) 19.2 20.8 1.4 .6 51.1 51.1 
50.1 0.445 (11.3) 22.2 17.5 1.4 1.6 47.6 46.9 
50.2 0.498 (12.6) 25.2 16.25 2 2.5 44.6 45.1 
50.2 0.550 (13.91 14 1.3 41.9 
50.2 0.600 (15.2) 12.55 1.5 39.7 
50.2 0.650 (16.5) 11.15 1.3 37.4 
50.2 0.750 (19.0) 9.25 1.3 34.1 
50.2 0.850 (21.6) 7.55 1.3 30.8 
50.2 1 .OOO (25.4) 6.00 1.3 27.4 

0.125 
inch 50.3 0.047 (1.191 4.6 0.5 104.6 

(3.0 mm) 50.2 0.097 12.46) 7.8 0.6 80.2 
50.2 0.150 (3.81) 11.55 0.8 65.9 
50.2 0.203 (5.16) 16.1 0.6 55.8 
50.3 0.245 (6.22) 20.3 1 .O 49.8 
50.1 0.297 (7.54) 15.1 0.7 43.5 
50.1 0.348 18.84) 12.4 0.6 39.4 
50.1 0.403 (10.2) 10.2 0.9 35.7 
50.2 0.445 (1 1.3) 8.8 0.9 33.2 
50.2 0.498 (12.6) 7.6 1 .O 30.9 
50.2 0.550 113.9) 6.55 1 .O 28.7 
50.2 0.650 (16.5) 5 1 .O 25 
50.2 0.750 (19.0) 4 1.2 22.4 
50.2 0.850 (21.6) 3.25 1.4 20.2 

0.0625 
inch 50.1 0.047 (1.191 6.4 0 88.5 

(1.5 mm) 50.1 0.097 (2.46) 11.85 0.2 65.1 
50.1 0.150 (3.81) 19.15 0.2 51.1 
50.1 0.203 (5.161 15.0 0 43.4 
50.1 0.245 (6.22) 11.7 0.1 38.3 
50.1 0.297 (7.54) 8.9 0.4 33.4 
50.1 0.403 (10.2) 5.5 0.5 26.2 
50.1 0.498 (12.6) 4.0 0.6 22.4 
50.1 0.600 (15.2) 2.9 0.9 19.4 
50.1 0.750 (19.0) 1.9 0.9 15.4 

114-wave measuring above 50 ohms 112-wave measuring below 50 ohms 

Z I  = JZIZC Z I  = J2.5 ZI /ZC 
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Appendix B. Data for figs. 14, 15. and 16. 

2-meter hybrid coupler Port 1-2 isolation. 

143.95 MHz -34 dB 
144.39 - 36 
144.86 - 39 
145.13 - 41 
145.88 -44 
146.37 - 41 
146.8 - 38 
147.34 - 35 
148.04 - 32 

2-meter hybrid coupler (operated in 70-cm bandl 
Port 1-2 isolation. 

430.065 -20 dB 
431.695 - 23 
433.475 - 25 
434.42 - 27 
435.55 - 30 
437.5 - 33 
438.95 - 30 
440 - 27 
440.97 - 25 
442.64 - 23 
444.035 - 20 
447.035 - 18 
449.82 - 15 

M c m  hybrid coupler Port 1-2 isolation. 

449 MHz - 35 dB 
448 - 37 
447 - 39 
446 -40 
445 - 39 
444 - 37 
443 - 35 
442 -33 
441 -31.5 
440 - 30 
439 - 29 
438 - 28.5 
437 27.5 
436 26.5 
435 25.5 
434 25.5 
433 24 
432 23.5 
43 1 23 
430 22.5 

tered in making matching systems are eliminated. 
Moving up to  the GHz ranges could be accom- 

plished by using styrofoam rather than Plexiglass in 
a ring hybrid; the size problem could be avoided by 
operating on an odd harmonic such as shown above. 

references 
1. George Chaney. WYTL, "ExtendediExpanded Power Dividers." hem 
radio. October, 1984. page 73. 
2. Ernie Franke, WA2EWT. '7he Branch-Line Hybrid," ham radio. Pans 1 
and 2. April lpage 1071 and May lpage 931. 1984. 
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1968 model 1152MHz 3ignal source 

low-noise phase-locked 
UHF VCO 

part 1: the noise problem 

M u c h  has been wr i t ten about voltage-controlled 
oscillators. In a recent ham radio article Hans 
Roensch, WBDTV, described a free-running UHF 
VCO, correctly acknowledging that such an oscillator 
cannot be used effectively in narrowband systems 
where low phase noise is required.' W0DTV's article 
referenced an earlier article of mine, which included 
a description of a way to phase lock oscillators to re- 
duce noise.' 

One of the major disadvantages of the phase-locked 
loop I described in reference 2 is the lack of AFC, re- 
quiring that'the VCO be set on frequency manually 
to effect phase lock. Under adverse conditions, drift 
of the oscillator's tuned circuit may exceed the hold- 
in capability of the loop, causing the VCO to unlock 
or jump to another phase-lock point. In this scheme 
the oscillator's frequency is divided by a factor of 40 
to make it compatible with the phase detector. This, 
as we shall see, is another disadvantage, which adds 
32 dB of excess noise to the VCO. 

To make this a more practical system, two additional 
features are needed: automatic frequency control 
(AFC) and UHF phase detection to avoid the need for 
prescaling. 

background 
A free-running VCO intended for use as a receiver's 

local oscillator (LO) in the 1215-1300 MHz band will 
generally exhibit a very broadband phase noise charac- 

teristic. Without the benefit of crystal control, its spec- 
trum may be so wide that the carrier is not readily 
identifiable on a spectrum analyzer because the devi- 
ation factor is so large. While the degree of phase 
modulation is relatively minor on the HF and VHF 
bands, as frequency is increased the modulation an- 
gle becomes proportionally larger. Self-excited TV os- 
cillators, for example, often sound like buzz saws on 
a UHF receiver as they wander around. Something 
better than this is obviously needed for use as a local 
oscillator in a narrowband receiver intended for recep- 
tion of NBFM, SSB, or CW in the 1215-1300 MHz 
band. 

The 1296-MHz transceiver I put together fifteen or 
twenty years ago was built around a 1152-MHz crystal- 
controlled signal source. I added a 144-MHz SSB sig- 
nal to the 1152-MHz generator in an upconverter to 
develop the 1296-MHz SSB exciter signal. Converse- 
ly, I used the 1152-MHz generator as the LO in a down- 
converter and a 2-meter receiver as the IF. This is a 
scheme in general use by many UHFers. Note that 
twice the 1152-MHz oscillator frequency is 2304 MHz, 
a fact of considerable interest to those operating both 
bands. 

The original 1296-MHz exciter employed a crystal- 
oscillator-multiplier chain driving a step-recovery di- 

By Norman J. Foot, WASHUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 
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New rigs and old favorites, plus the best essential accessories for the amateur. 

ALL IT1 MS ARI (;lJAHANTEtlJ OR SALES I"i1CF 
HI FIJNLJI 0 

EQUIPMENT 
K ~ ~ t ~ w ~ x ~ t l  Call lor priccs on all Kmwood 
K<,nwooil TS940S r-ur~lc~*I~r ~ r l r l r ~ h l  Call 
Konwoo,l TS 440 Call lor tradr 
lcom Ri000 25 :'!I00 MH? 849 00 
lcclrn IC:l700 ,1R9 15 
Snntcc STPOT H:lncll T.11htr 2851 00 
I h m  IC 115 7 V l  00 
1r.n I c r  2510(F ;!".y OSCAH) 411'1 I10 

ACCESSORIES 
RRW VIf WSTAR ANTFNNA TUNFR 89 95 
Hell HCR'HC4'HC'J Stork 
Ht:,I RM I 0  Door?> Mlkc llcadscl 59 95 
CSI Pr~valr I':~tcl> Ill 460 95 
FI llKF 77 auln ralrcllnq 111cjili~l rn~111~!~1t~lrr 125 00 
D;I,WA CN620B 20 700 2000W 109 95 
Al~ncr, ELH 230D F x r ~ l l c r ~ l  liuv 79 00 
Nvc ME5 A (lur llrc blq IbuvsO 52R 00 
~1,, ,~0.+44n 50 45 . .. - ~- 

W.?hI 7.1 70 Snldrrinq Stnt~nr~ 49 00 
Krhwond IF 10A R C Slnck 
Krnwooil IF ?:lPC I r v r l  1r;lnrlalnr 4 9  00 
Miller C514T [.ow ~~a<.s  l~l l r r  43 50 
D X K Trst tqo~pmcnl VOM osr#ll#sroprs 

ANTENNAS 
1,;1111011, I.%.$ MHI 44 95 
Ad 760 O'd 
40:'CIl 2711 <Ir, 
3?.1li 84 00 
Z15WRNrw 15 r l  ?M lr,;lln 7'1 0 i  
AOl' 1 Cnrnr~lnr~ Osc;lt Ahlcnnn I .Ill 95 
Rt~tlrtnul HF6V d!l 10 vr'rl~cnl 12500 
tlF .A R011 40 vr,fl,r;ll 119 00 
l l f  1R 1811 00 
~IIISIIPI G7 144 1 1'1 05 
Ho~,l lc~ 15RTV 109 00 
t i  11114 R~~1;llnr T7X CDl!i ? C;ill 
Kl M HF w ~ ~ ~ l ~ l  cl,~~,,, S~r#t., A~\I(~!>!I:~~. Call Dm? 
Al1)h.l 0t.11;1 Twirl $I11[1(,1 49 00 
Co.?r SP:~ ? 00,rnll 
BRW D,t?olc.. I F , ~ ,  lO'"i, 
Hy G;~iri THIOXS OHCl 00 
F xiilorrr 14 349 00 
Dv-cnvrrr:r 1 rlrnlt.nl 4llM 11;') 00 

7 <,lornr-nl 4llM 3fic1 00 
3 ~:I~~!TI~~~II  o#>ly ,''.1'3 00 

CD 4'1 2 Grc:il Ir#l,.~ntl,.r F-lnlor 16<1 00 
v:>s (?~T>,?IP~I ','I 00 
HGVSS c,? I1 <:r,lr~h#tp lk)wc? 1194 00 
Pr r r>a~r l l r r i~h l  wlwn you arrlrr ollia)r Hy Gain 8lr:nli w~tll 
I ~ w P I  

KI  M K T  139 nn 
.lob1 :' 200 00 
N,,w 1rlrrrHyG;i#1~? l n ~ . C ~ ~ r ~ ~ l ~ l ~ ~ I ~ ~  
tII1 OSCAH c.v;lrr~i I I I Y i l o l  1::r~c.l ?ti0 00 

OTHER ANTENNAS 
I ,,r,,f,x# K#,l<lhch 
I .Ir,.l,rl ,1411 HW l l ?  w,lv,. Kuldur'k 
A v ~ I ,  AI'ISI 3G c ~ r ~  ~ ; I s ~ s ~ A r ~ l , ~ r ~ ~ ~ ; ~  
A ~ ~ I ~ ~ ~ ~ ~ I : J M  518 M,KI MLIC~I C,lmll 
Av.>r~l. APRI5U 51; r , , ~  <11,1i' 
C h j ~ ,  7M I!? w,a\c3 I~,I!wIv Ar) l r~>r~ . j  
V a  f ; t~~lc>r~Sl A I 100 ttll . l l l . ~ l ~ ~ ~ ~ r ~ r  
V.it i j !  AII '> M<lI,,l,. 
c;~.lllrlr I)AII~II r) nc t lv i  nx A ~ ~ I ~ ~ ~ ~ ~ ~ , ~  
I IC I,,,,,,:, ti,l,-l~ l'(1 :>'I lI>,<~,,<l 

I 11%~ 1/.4" I " l,.,~l,,r l \ l l ~ l ~ , ~ ~ .  

"NEW" 
ALPHA DELTA 4 
HEAVY DUTY COAX SWITCH 
r: , ;; ,,$,<I rli,', R l l o l l l r ~ l r ~ ~ ) ~ l r ~ ~ ~ ~ ~ c ~ ~ c l r ~  69 00 
L ~ ~ I l , , ~  hWt\t.' SI~rnt, ,l,+lc, 10 00 aoch 

rn-j 

751A , I . : ' v s , , , ,  : I 29900  

KEYS 
Drmrtlrr R Vlt~rol ,lt.c ILF.,5 1Ooh 
Bi>ncher tsr~ow ti~ir>rrjvt(ci SrrcwsR SIIIIII~S ,111 S I , ~ I ~ ~ C C S  

rlPrl and t3x'r ,? 1h;:rlil polish#i>rl 
Tr.ale l r i  you! old I .arirt kcyo!> rirw V1hroplrxlBcnchrr5 00 
NycTSK 001 kt'.t, l '18 00 

TUBES 
Collr~., R Dr R . ~ ~ i l . ~ c t ~ r n n ~ l  l\ lt)rs clock 
GF li1JfjB 11 95 
F lm.x :I ~OIIZ 10s ~5 
GF Innu$lri,ll Tul,-. C.111 
GF 12RY7A 7 00 
GF GJSBC I 7  9 1  

BOOKS 
Wv ?lock SbMS IAR ARRl RSGR Amecn Rarllo 
Pl l t ,~ Call 
PASSFDYrior ro r l c~v t~ l7TryGi~ , r l r r ,Wr~ l  sCndr Iaprs  

SURPLUS 
1.1 I'III Sol,ir.rlnil d p  va:kt.lz 251rarh 
ISOMF0,dOnV U( 1 95 
1 5 Atnlv40llV 11111 w.l i<* I,r#rii]r l<*cl#l~r.r 1 01 
2 ~ A ~ I O O ~ P I V  r ct,or~t. ?9 t?.lrtl nr I!) 011, In0  
nnlc,irnKv .,r oci I ?nKv 1 !IS t,ac-lt 
3NTllI CIS 
d ll l l t l  ICIIIIC rod I 9s 
:l65~>F can 1 95 
s.~riyoAAA 4A Ni,. iri,. w,l,$li< ? 00 
2 '1 5 6 8 ~ I I ~ I  t ! ~  pIh!<~< i (10 
I t8 114 ,wall ~ : n r l > ~ ! ,  ~r.~.i+lr,l'. 05 vnl-1) 
M~.l?rbO 30110 VCC ?' :" S,lti.!rr 0 1 A!rq> DC 9 !IS 
Drake Collmrl* rn!lk.. l'll8rl 2 00 
~ ~ r ~ ~ a l ~ r ~ ~ l o ~ ~ r , ~ ~ ~ ' .  < A  1,'jiVAC 150r.;1~11 
CIosc n~il nl rlcl.. t .  %r 1rc‘.5nr,,,? All 1110 111118' Call 
Wr  maf havr *I1;)I rou rc l o$$ i~nq  lor 

BELDEN 
I w l  I I I I l l 1  I 51r!ll 
K'14 F?GU I,>.$tn .ISr.:ll 
8237 H(i0 19r r l l  
u;,6/ RG.'lJ c~r,~~!l~ 
8noo 1.1 G., ..I~~IWIC.~I <:~II)~~I.u ,3111 WIIV t :ii.!~i 

H4.lH 8cor~rucl~,r rlllw c.rlllr 33~111 
13405 Hr;rvy t l r ~ l y  ' l f ,G.~  1, I 8  G.3 5(ir!ll 
$9258 RGR, ?Oc:/ll 
0269 RG 67A1U I hcllt 
8.103 Msr Cal~lc ? rr,~\drl! R slll~,lrl 45~111 
11111 lct71 871.1 w',.:?<l,, tr~~,l,~ll,~ci 54 00 
8860 /'I(?' ' l~!,ncr, ri8{11'~r Ix, ld 1 00111 

l,,l",,,l,",l w I 0 ,  I I I l l  70Cill 
~ n t r r n a ~ ~ o n ; ~ ~  Wttc '91186 I.xar.1 rrl, l,~rt~rnt~nl Itn Brl~l<'rt 
0'1 17 36~111 
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AMPHENOL 
f ,  { I  s r '  1'1 ,)r,u SIIV,YI>I,II<~ 
LJGI ?6 r c d ~ ~ ~ ~ r  R*;AX 
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I 1 '  , 1 1  ,m, : I , ' . .  l ~ ~ ~ , t ~ ~ l l ! ;  1~1iJ011 ?SO 00 
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ode (SRD) multiplier associated with a cavity resona- 
tor to  develop the 1152-MHz local-oscillator signal. A 
64-MHz crystal oscillator was followed by a tripler, a 
doubler, and two stages of 384-MHz amplification. The 
second amplifier, a 2N3866, was used to drive the 
SRD. The power output from the cavity resonator was 
+ 10 dBm. Most of the circuitry was relatively straight- 
forward, but the SRD and cavity resonator circuits 
were quite complicated mechanically. Many contacts 
were made on 1296 MHz using this signal source for ' 

the exciter and downconverter, even before the 
1296-MHz band was as well populated as it is today. 
Figure 1 is a block diagram showing the crystal- 
oscillator multiplier system. 

- 
/ 

instrumentation 
Since that time I have acquired an HP-85511851B 

spectrum analyzer, which gives me the opportunity to 
look more closely at the oscillator's noise and spuri- 
ous performance. The frequency spectrum showed 
spurious signals about 30 dB below the carrier and am- 
plitude and phase noise at or below the noise floor of 
the spectrum analyzer. An oscillogram of its spectrum 
is shown in fig. 2, with a photo of the unit. 

The 8551 can measure 70 dB below the carrier in 
a I-kHz bandwidth. Phase and amplitude noise of an 
oscillator can be observed on this spectrum analyzer 
if the noise is great enough; however, for phase noise 
measurements of a clean and highly stable source, the 
spectrum analyzer leaves much to be desired. 
Nevertheless, it does represent a benchmark against 
which the noise and spurious signal characteristics of 
other oscillators can be compared. 

Why be concerned with oscillator spectral purity? 
Because sideband amplitude and phase noise can con- 
vert directly into the receiver's passband and limit over- 
all sensitivity under multiple signal  condition^.^,^ For 
example, when a weak signal is being detected in the 
presence of a stronger signal, oscillator phase noise 
- beating with the strong signal - appears at the mix- 
er's output and enters the IF even though the strong 
signal may not. If the phase noise of the local oscilla- 
tor is great enough, the desired signal may be com- 
pletely buried in noise. Therefore, it is important that 
the phase noise of the local oscillator be made as small 
as possible. Low phase noise is one of the most im- 
portant characteristics of an oscillator. 

T R l P L E R  

fig. 2. Oscillogram of spectrum of crystal oscillator multiplier 
chain. BW = 1 kHz. Horizontal scale30 kHzIcm; Vertical scale 
10 dBIcm. 

specifications 

' I N 4 1 1 6  1NEOO ZN3866 /' 

3NZOI  

fig. 1. Block diagram of 196&model1152 MHz crystal oscillator multiplier chain. 

C I Y ~ ~ V  

RESONA TOP 

The VCO described here was intended to  replace 
the 1152-MHz crystal-controlled oscillator-multiplier 
chain discussed above. The ground rules I set were 
to achieve performance as close to that of the origi- 
nal unit as possible and to accomplish this in a simple 
manner. The oscillator would be operated directly at 
1152 MHz without the need for frequency multipliers 
or cavity resonators and would be phase locked to a 
crystal reference signal in a relatively simple phase-lock 
loop. AFC would be included to avoid the possibility 
of any frequency ambiguity. 

I I J I Y W ,  

ourour 
0 

4 , O b B n  

phase-locked loops 
The theoretical aspects of phase-locked loops have 

been well covered in the references listed at the end 
of this article. It might be a good idea to do some 
reviewing before proceeding further. In particular I 
suggest reading (or re-reading) the two articles by 
Craig Corsetto, WA60AA.5,6 For the most part, I will 
use Corsetto's notation to make this article easy to 
follow. 

phase noise at VHF 
It is less difficult to  design a PLL around a digital 

phase detector than an analog one, especially when 
the VCO operates in the HF or VHF bands. But going 
beyond VHF into the UHF region introduces problems 
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fig. 3. Possible phase noise characteristics of a UHFVCO. 

that call for a considerable amount of ingenuity to keep 
phase noise low. The alternative would be to use mul- 
tiple loops, but this increases the circuit complexity 
considerably. 

To start out, I used a CD4046 phaselfrequency de- 
tector; this required that the frequency of the VCO be 
prescaled (divided) by a large number so it would be 
compatible with the CD4046's upper frequency limit. 
I used an RCA CA3179 prescaler followed by a 
74LS191 divider. The prescaler operated in the divide- 
by-256 (UHF) mode, and the 74LS191 was pro- 
grammed to divide by eight. Total division was 2048, 
providing 562.5 kHz to the phase detector. By itself, 
this circuit was effective in providing AFC and phase 
detection, but, as we shall see, the noise introduced 
due to the division factor would be unacceptably high. 

loop bandwidth 
The loop bandwidth, fp, is a key factor in terms of 

phase noise because frequencies less thandj  are un- 
der the control of the PLL while those greater than 
fp are not. fp is the frequency corresponding to unity 
open-loop gain: 

Kq5 Kvto 
f p  = - 27rN 

K+ = phase detector sensitivity 
in vo/ts/radian. 

K,.,, = 42 MHz/volt, voltage tuning sensitivity. 

N = 2048, oscillator division factor. * 
For the CD4046, KO = 0.7. Plugging in these values 

yields fp = 2285. The significance of this number will 
now be discussed. 

It is possible to calculate to a fairly good approxi- 
mation the phase noise of a free-running oscillator as 
a function of sideband frequency, using the follow- 
ing  relationship^:^,^,^ 

This equation is not as formidable as it may seem. The 
first term is Johnson noise divided by the oscillator's 
power output, which is 1 ISNR (I /signal-to-noise ra- 
tio). F is the noise factor of the active device, K is 
Boltman's constant, and T is the absolute temperature, 
OK. 

The second term represents the manner in which 
noise is distributed on each side of the carrier frequen- 

*I have departed from Corsetto's notion by defining N in the usual manner as 
thedivisor, a numberequal toorgreaterthan 1. Thisshould helpavoidconfusion. 
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cy. The term jm is the distance away from the carrier 
that a measure of phase noise might be made. Note 
that when fm is very large, the second term ap- 
proaches unity, and 

EXTERNAL 1152 MHz 

This is generally referred to as the single-sideband 
noise floor. 

Going away from the carrier, VCO noise decreases 
until it intersects the noise floor at f, = fo/2QL. At 
a VCO frequency f, = 1152 MHz and loaded Q, QL 
= 25, the noise floor corner is 23 MHz. (As a rule of 
thumb, QL = 0.2 Qu, where Qu is the unloaded Q.) 

REFERENCE INPUT OUTPUT 

closing the loop 
Using the various values off,, the dotted curve of 

fig. 3 was drawn, including the noise floor, noise cor- 
ner, and unity gain band edge, fp. When the loop is 
closed, the noise departs from the 20-dBIoctave slope 
and tends to become constant from fp to the carrier. 
The solid curve of fig. 3 represents the noise response 
of a fictitious VCO phase locked to a reference oscil- 
lator. Because N is so large, VCO noise near the car- 
rier is relatively high. 

The importance of fa cannot be overemphasized. 
As the loop bandwidth is widened, more and more 
phase noise comes under the influence of the loop, 
making for a quieter VCO. 

One way to widen the loop bandwidth is to reduce 
N. Unfortunately, the upper frequency limit of the 
CD4046 is about 2.5 MHz, based on a propagation 

BUFFER 

A M P L I F I E R  

time of 200 ns between terminals 15 and 13. The low- 
er limit on N is therefore about 450, giving 

j p  = 10 kHz 

This reduces in-band phase noise by about 15 dB, 
which is better, but still not good enough. 

I 
I 

phase noise characteristics 
The phase-noise floor of a well designed crystal os- 

cillator is about 165 dB below the carrier at offsets be- 
yond 20 kHz but increases rapidly at lower frequencies 
as shown in fig. 3.1° This curve was extrapolated from 
various manufacturer's specifications and includes 
low-frequency flicker noise. Since the noise of a VCO 
locked to this reference is increased by 20 log N above 
the noise of the reference, the best that can be ex- 
pected of the VCO under these conditions is about 
-80 dBm/Hz at offsets below jp. Notice that the 
phase-locked noise level is only 10 to 15 dB lower than 
for the free-running mode, because N is so large and 
fp so low. The curve of the free-running VCO was cal- 
culated and has been verified only indirectly. While the 
curve is referred to as "fictitious," it may in fact be 
quite representative of the VCO's actual performance. 
Use of such a VCO as the LO in a communications 
receiver would surely degrade overall performance, es- 
pecially in a multi-signal environment. An alternative 
would have to be found. 

PRESCALER 

- 2 5 6  

phase/frequency detector 
- part of the solution 
The CD4046 is an interesting device because it is a 

July 1986 37 

- SPECTRUM 

GENERATOR 

3 6 M H z  

CRYSTAL 

OSCILL4TOR 

1 

- 16 

----r 
PHASE 

DETECTOR 

' R E A C T A N C E  

F I L T E R  

7 r 
PORT 

M l l N  LOOP 

AMP 
4 5 M H z  

A 

1 

t 

4 

- - LOOP LOOP 

M D I V I D E R  N O l V l O E R  

fig. 4. Functional block diagram, new 1152 MHz generator. 

5 6 2  5 kHz AFC 

OE T E C  TOR 

562 5 b H z  
- 8 



combination phase and frequency detector. In this 
dual role, it first steers the VCO toward the desired 
frequency (i.e., provides AFC) and then phase locks 
it to the reference. While the 4046 is not the only 
means to this end, it is far simpler than most other 
schemes. However, because it requires the use of a 
prescaler, phase noise is relatively high at UHF. What 
would happen if somehow N could be made equal to 
unity? fo would then become 2.55 MHz, providing a 
theoretical reduction in phase noise of over 60 dB! This 
would put the VCO noise in the vicinity of - 150 
dBc/Hz and allow the noise specification of the UHF 
oscillator to be met. 

In an earlier ham radio article I wrote about a 
programmable HF receiver that uses direct synthesis 
(N= I ) ."  For AFC I added a counter, digital compa- 
rator, and a DAC (digital-to-analog converter). This 
receiver is still the workhorse of my station. It occurred 
to me recently that I might be able to use a similar di- 
rect phase detection scheme to provide phase lock- 
ing and low noise at UHF, together with a CD4046 for 
AFC purposes. The question was, could these two cir- 
cuits be made to work together? If so, this would fi- 
nally solve the noise problem. 

the final scheme 
The UHF PLL that finally evolved is illustrated in 

functional block form in fig. 4. The main loop includes 
a phase detector operating directly at 1152 MHz. The 
auxiliary loop includes the CD4046, which provides 
AFC. A "picket fence" of reference signals12 36 MHz 
apart in the vicinity of 1152 MHz, is fed from the spec- 
trum generator to one port of the phase detector. An- 
other port receives a sample of output RF from the 
oscillator. The third port receives a frequency-steering 
signal from the CD4046. The output of the phase de- 
tector feeds a loop filter and amplifier driving the reac- 
tance port of the VCO. 

With this configuration, the noise of the VCO is ba- 
sically the same as that of the reference oscillator. As- 
suming that the noise curve of the reference shown 
in fig. 3 is accurate, then the VCO phase noise should 
be -90 dBc/Hz near the carrier, dropping down to 
- 150 dBc/Hz 10 kHz from the carrier and beyond. 
These are very respectable numbers indeed. 

frequency programming 
Using the numbers associated with fig. 4 establishes 

1152 MHz as the UHF oscillator's only operating fre- 
quency. However, a number of other options have 
been made available: 

crystal oscillator to vary the UHF oscillator's frequen- 
cy by a small amount, typically + 1.0 MHz. 

Other output frequencies may be selected by chang- 
ing the crystal frequency. Given a desired UHF out- 
put frequency, the corresponding crystal frequency 
will be as follows: 

or fx = 0.03125 f vco 
For example, if the VCO frequency is to be 11 16 MHz, 

fx  = 0.03125 11 16 = 34.875 MHz. 
As another example, suppose the UHF oscillator is 

to be used as the LO for an OSCAR 10 upconverter. 
If the SSB generator is at 28 MHz, fVco = 463 MHz 
and fx = 14.46875 MHz. Of course, in this situation 
both the crystal oscillator and UHF oscillator induc- 
tances would have to be increased appropriately. 

If you are planning operation on the new 902-928 
MHz band, and if you use 29 MHz as the IF, a high- 
side VCO will operate at 933 MHz and f, = 29.15625 
MHz, or a low-side VCO will operate at 875 MHz with 
fx = 27.34375 MHz. 

The circuits described here are by no means all- 
inclusive. The basic circuitry can easily be applied to 
other frequencies and other schemes, including fully- 
synthesized systems. For example, a frequency syn- 
thesizer could be substituted for the reference oscil- 
lator; however, this is beyond the scope of this article. 
The objective here is based on the concept that most 
Amateur UHF applications can be satisfied by provid- 
ing a dedicated output frequency per individual circuit 
board. 

Next month: construction, testing, and per- 
formance. 
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PAKRATTTM Model PK-64 
shown with enhanced 
HFM-64 ontlon lnslalled 

* MORSE * BAUDOT * ASCII * AMTOR * PACKET * 
FIRST FIVE MODE 
DATA CONTROLLER 

The Pakratt model PK-64 by AEA is 
the world's first computer interface 
that offers Morse, Baudot, ASCII, AM- 
TOR and Packet all in one box (hard- 
ware and software included) at a price 
many competitors charge for Packet 
alone (from $219.95 Amateur net). Do 
not let the low price fool you; coming 
from any other company but AEA it 
WOULD be too good to be true. The 
PK-64 works with virtually any voice 
transceiver. The Pakratt is the easiest 
of any to hook up and have operating 
in just a few minutes. 

In Packet mode, the PK-64 offersvir- 
tually all the features of every other 
Packet controller on the market, plus 
many important features left out by 
others due to cost constraints. For ex- 
ample, we have included a hardware 
HDLC, true Data Carrier Detect (DCD), 
multiple connect with up to ten sta- 
tions simultaneousiy and full imple- 
mentation of version 2.0 of the AX.25 
protocol. 

Because the PK-64 was designed 
specifically for the Commodore 64 (or 
C-128 and SX-64) computer, we have 
been able to do many things not eco- 
nomically feasible with general 
RS-232 interface controllers. For ex- 

ample, the Pakratt includes true split 
screen operation with on-screen stat- 
us indicators and an on-screen tuning 
indicator. 

ENHANCED HFM-64 MODEM OPTION 
The standard PK-64 will operate all 

modes with a phase-lock-loop (PLL) 
detector roughly equivalent to all pop- 
ular packet modems in the market- 
place (except we have included extra 
filtering). The enhanced HFM-64 mo- 
dem option offers true independent 
dual channel filtering with A.M. detec- 
tion (like the famous CP-100Computer 
PatchTM). The enhanced HFM-64 op- 
tion alsooffersa hardware LED tuning 
indicator (like the CP-100) and a front 
panel variable threshold control for 
setting maximum sensitivity underva- 
rious band conditions. We recom- 
mend the HFM-64 option for anyone 
keenly interested in weak-signal 
heavy-QRM HF operation. For anyone 
desiring to operate FM RTTY with the 
standard North American tone pair or 
CW receive, the HFM-64 is required. 
The HFM-64 is field installable with no 
soldering or test equipment required. 

WORKS WITH THE POPULAR 
C.64 COMPUTER 

AEA designed the PK-64 around the 

low-cost C-64 because of the special 
architecture features making it espe- 
cially suited to Amateur Radio appli- 
cations. The C-64 should not be viewed 
as a mainframe, but rather a very eco- 
nomical accessory to your data com- 
munication? system. Many owners of 
expensive computers such as IBM, 
TANDY, APPLE, KAYPRO, ATARI, etc., 
are now buying the low cost C-64 and 
dedicating it to their operating posi- 
tion. They simply cannot find software 
for their machine that even ap- 
proaches the power and user friendli- 
ness of the PK-64.'Plus, think of the 
convenience of having only one con- 
troller and keyboard to go from one 
mode to another without having to re- 
do cabling! 

The PK-64 is so complete that all 
you need to do is wire up a microphone 
connector to theend of a cable(provid- 
ed) and you are ready togo. There is no 
need to track down special terminal 
software, cabling or even a power sup- 
ply. It all comes with the PK-64. So do 
not be the last on your block to own 
the most exciting new product in 
years. See the PK-64 at your favorite 
dealer or write for our specification 
sheet now. 

Prices And Specillcations Subject TO 
Change Without Notice Or Obligation 

Advanced Electronic Applications, Inc. 
P.O. BOX C-2160, Lynnwood, WA 98036-091 8 AEA Brings you the 
(206) 775-7373 Telex 6972496 AEA INTL UW L Rreakthrough! 



using the multimeter usually much larger than the full-scale circuit, and that current can be large - 

In last month's column we dis- 
cussed various forms of multimeters 
Amateur Radio and other electronic 
hobbyists use in making electronic 
measurements. This month we'll dis- 
cuss how these instruments are used 
in practical applications. The proper 
use of volt, current and ohmmeters - 
as well as how to make high voltage 
and RF voltmeter probes - will also 
be discussed. 

how to connect meters 
It's essential that you learn the cor- 

rect way to connect meters into a cir- 
cuit, because using these instruments 
incorrectly can lead to catastrophe. 
Figure 1 shows the correct methods 
for connecting the various forms of a 
basic meter. Note well that voltage, 
current, and resistance aren't meas- 
ured in the same ways; this fact leads 
to a high potential for damage to mul- 
timeters because the different func- 
tions are switch-selected. It's all too 
easy to "misconnect" a multimeter by 
switching ranges without first chang- 
ing the position of the probes. The 
connections for voltmeters and current 
meters are shown in fig. 1A. 

There are two simple rules to 
memorize: 

1. Voltmeters are connected in parallel 
with the load. 
2. Current meters are connected in ser- 
ies with the load. 

Don't ever violate these rules! The 
second rule - always connect the am- 
meter in series and never in parallel - 
is especially important. If an ammeter 
is connected across the load, its low 
internal resistance will draw large cur- 
rent from the power supply of the cir- 
cuit under test, and that current is 

range of the meter. On an analog 
meter (a "pointer type" rather than 
digital) the pointer will often bend 
around the peg and a puff of smoke 
will waft from the edge of the case. 
The problem may be reduced in some 
digital multimeters (DMM), but is still 
present. Fortunately, most manufac- 
turers now place fuses in series with 
their multimeter probes. 

v z. LOAD 

IN S E R I E S  ONLY 

v --- LOAD 

OHMMETER OUTOFCIRCUIT 

fig. 1. Correct methods for connecting 
meters to circuit. 

The rule for ohmmeters is to discon- 
nect the resistance being tested from 
the circuit even though the power is 
turned off. There are two reasons for 
this procedure: first, there may be 
parallel alternate paths for current to 
follow, and these will cause an errone- 
ous lower reading; second, there may 
be current stored in capacitors in the 

enough to destroy the meters. 
Power supply filter capacitors are 

particularly dangerous to meters. 
Although even professional electron- 
ics workers may ignore this rule, it's a 
good habit to follow even if discon- 
necting components is a bit of a 
nuisance. 

voltmeter "errors" 
I can recall an incident in a labora- 

tory class in which an electrical en- 
gineering instructor couldn't tell a 
certain student why the voltages read 
in an experiment were considerably 
lower than called for in the lab manu- 
al - and lower than the results of 
other students. The reason for the er- 
ror turned out to be loading of the cir- 
cuit by the voltmeter. 

A voltmeter has an input impe- 
dance. For a volt-ohm-milliammeter 
(VOM) type of instrument, the input 
impedance can be determined by the 
sensitivity rating in ohms per volt. 
Most good meters have a sensitivity of 
20,000 ohms per volt, and some espe- 
cially fine meters are rated at 100,000 
ohms per volt. Many inexpensive im- 
ported meters, on the other hand, 
have a 1000 ohms/volt sensitivity, 
which is very bad. Incidentally, the 
sensitivity reflects the full-scale "natur- 
al" range of the meter movement used 
in the VOM. The 20,000 ohms/volt in- 
strument uses a 50 pA movement, 
while the 1000 ohms/volt meter uses 
a 1 mA meter movement. 

Figure 2 shows a sample circuit to  
illustrate the problem of loading. The 
circuit consists of a 10-volt source, V, 
and two series resistors, R1 and R2. 
What we need to know is the voltage 
across resistor R2 - that is, voltage 
V2. The correct voltage will be: 
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Rl lOOh 

I o v  v - [ ~ ~ p ~ T E K  looh 

fig. 2. Simple circuit illustrates problem of 
loading. 

V R2 10 volts x 10K 
V2 = RI + R 2 =  (IOOK + IOK) 

V2 = 0.909 volts 

Now, consider what happens when we 
connect the voltmeter across resistor 
R2. The total resistance of this branch 
of the circuit is now the parallel com- 
bination of R2 and the meter's input 
resistance. Consider a 1.5 volt full- 
scale setting for the meter. At  this set- 
ting, the 20,000 ohm/volt model has 
an input impedance of 30,000 ohms, 
and the 1000 ohms/volt has an input 
impedance of 1500 ohms. When con- 
nected in parallel with R2  to measure 
the voltage drop across the resistance, 
the combination of R2  and the input 
impedance forces new values of "R2" 
of 7500 and 1300 ohms, respectively. 
These heavily loaded resistances 
reduce the measured voltages from 
0.909 to 0.697 and 0.128 volts, respec- 
tively. These errors, which are sub- 
stantial, clearly illustrate the reason for 
using a voltmeter with a high internal 
impedance. 

high voltage probes 
Most high voltage meters are really 

ordinary voltmeters with a multiplier 
resistor or voltage divider network ad- 
ded. Figures 3 and 4 show two alter- 
nate methods for adding high voltage 
ranges to the standard multimeter. The 
HV probe of fig. 3 is used on those 
meters that have a specified input im- 
pedance of 10 Megohms (for example, 
VTVMs). When the series resistance 
inside the probe is 990 Megohms, the 
voltmeter will read 1/100 the actual 
voltage. Thus, a 30,000 volt potential 
will read 300 volts on the meter. This 

type of probe is widely available from 
electronic supply houses, especially 
those that cater to television service 
technicians, who often usesuch probes 
in conjuriction with regular voltmeters 
for measuring anode potentialson color 
TV sets. 

The basis for the probe shown in 
fig. 3 is the resistor voltage divider cir- 
cuit, in which one element is the series 
resistance and the other is the volt- 
meter input impedance. These probes 
require an input impedance of 10 
Megohms. However, modern elect- 
ronic voltmeters, including FETVMs 
and DMMs, have input impedances 
much higher than 10 Megohms. For 
these cases we use a circuit such as 
the one shown in fig. 4. Again, when 
you buy an HV probe for your instru- 
ment it's likely to have this circuit in- 
side; in fact, some of the "universal" 
probes on the market are little more 
than circuits such as the one shown in 
fig. 4 with 100: 1 or 1000: 1 reduction 

ratios. 
You can, if you prefer, make such 

a probe yourself. I once made one for 
a hospital electronics lab that was 

based on the old-fashioned model 
shown in fig. 3. We had the old probe, 
which mated with a traditional VTVM, 
but it didn't work on the new DMM 
with its advertised 1000-Megohm input 
impedance. Since the meter had a pair 
of banana jacks spaced 0.75-inch apart 
(a standard value), I mounted resistor 
R2  on a dual banana plug and soldered 
the combination to the ends of the old 
HV probe. The value of R 2  was 1 
Megohm, so with the 990 Megohms of 
the probe resistor I had a new probe 
with a 1000:l reduction. We needed 
the probe for measuring the 12-15 KV 
anode potential of some elderly San- 
born scopes. In that case, a reading of 
1.2 to 1.5 volts indicated the correct 
vlaue. In other applications, one could 
use the same 10 Megohms for R2 as 
was common for VTVM input im- 
pedances to make a 100:l reduction 
HV probe. 

A high voltage probe should be 
equipped with a good alligator clip for 
this connection. If you use an ordinary 
alligator probe, or a poor quality alli- 
gator clip for the common lead, then 
all bets are off - you could easily zap 

V T V M  ( E T C  I 
H V  PROBE r--------- 1 
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"* 2 ;; I 
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I 
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fig. 3. High-voltage probe is used on meters with specified input impedence of 10 
Megohrns. 
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fig. 4. High voltage probes such as FETVMs and DMMs are likely to contain this circuit. 
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the meter. Damage to the meter is es- 
pecially likely when it and the circuit 
under test are both grounded. If the 
common lead comes loose, the current 
from the high voltage circuit will try to 
find ground through the instrument. 

meters in RF circuits 
Very few multimeters are designed 

S H I E L D E D  CABLE 
TO V O L T M E T E R  

r---------- 

0 . 0 1  I 

fig. 5. RF blocking probeallows measure- 
ment of DCvoltagesin circuits where RF 
is likely to be present. 

to operate in RF circuits. There are two 
problems: first, we sometimes need to 
measure DC voltages in the presence 
of large RF voltages; second, we might 
want at least a relative indication of the 
value of the RF voltage present in the 
circuits. Fortunately, we can build our 
own probes that serve both functions. 

The RF blocking probe shown in fig. 
5 is designed to allow measurement of 
DC voltages in circuits where RF is 
likely to be present, such as in a radio 
transmitter. The circuit inside the 
probe is a low-pass filter consisting of 
a 2.5 mH RF choke and a 0.01 pF capa- 
citor. This circuit will block enough RF 
in most cases to permit a reading of 
the DC component. If there's still a 
problem, try two or three sections of 
the RFCIcapacitor circuit to provide 
additional attenuation. 

There are problems to be aware of 

when using the RF blocking probe 
shown in fig. 5, however. The most 
obvious is that the RFC and the capa- 
citor might interact with LC elements 
in the circuit and could thus distort the 
readings. It's also possible to damage 
certain circuits by detuning them - as 
in detuning a plate tank circuit while 
the circuit is live, for example. 

Another problem is that RF chokes 
have a resonant frequency. This fre- 
quency is a result of the inductance 
and interwinding capacitance of the 
choke. When using the probe at the 
choke's natural resonant frequency, it 
will act like any other resonant circuit 
and perhaps destroy itself. 

RF voltmeter probe circuits are 
shown in fig. 6. Both of these are 
sometimes called "demodulator 
probes" because they'll demodulate 
AM signals. A service instrument 
called a signal tracer is little more than 
an audio amplifier with a low 
capacitance probe up-front to pick up 
audio signals. If we replace the low 
capacitance probe with one of the cir- 
cuits shown in fig. 6, we'll be able to 
troubleshoot AM receiver RF and IF 
circuits. With the diodes shown, we 
can measure RF potentials up to about 
50 or 60 volts peak. For greater poten- 
tials, use two or more diodes in series. 
The diodes, by the way, are old-fash- 
ioned germanium diodes. Although 
largely supplanted in the market by sili- 
con diodes, there are still many 1 N60 
diodes used as video detectors in TV 
receivers. You can still buy 1 N60 di- 
odes under the ECG-109 and certain 
other "universal" replacement part 
numbers. 

The probe shown in fig. 6A was 
used in a number of low-cost demodu- 
lator probes associated with signal 
tracers a few years ago. The circuit 
shown in fig. 6B, on the other hand, 
has been popular among Radio 
Amateurs for decades because a simi- 
lar circuit was published in the ARRL's 
Handbook. Finally, there's another cir- 
cuit, shown in (fig. 6C) that's also very 
popular, and can be calibrated in terms 
of RMS voltage. 
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I 
I 
I 

I N 6 0  

I 
EC6 - 109 

I 
OR EQUAL 

0 
- - - - - - - - - - - - - - - - - - - - - - 

I C R Z  I 

P R O B E  
0 

OC O U T P U T  

4 7 k  

I I 
I I 

fig. 6. RFvoltmeter probecircuits demodulate A M  signals. (A) Low-cost demodulatorwas 
found in signal tracers; (B) Long popular with Radio Amateurs, this circuit was original- 
ly published in the ARRL Handbook: (C)  Another popular circuit can becalibrated in terms 
of RMS voltage. 
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Under New Ownership \ 

AmeriCan made RF Amplifiers and Watt / SWR ~ e t e r s  
of exceptional value and performance. 

I 

05 year warranty prompt U.S. service and assistance '\ 
\ 

RF AMPLIFIERS I WAT~ISWR METERS 

2 METERS-ALL MODE , 
923 2W In =30W out 
(useable in: 100 mW-5W) 1 

B108 10W in=80W out 
(1 W = 15W. 2W =30W) RX preamp 
B1016 10W in =160W out 
(1 W =35W, 2W =90W) RX preamp 
B3016 30W in = 160W out 
(useable in: 1545W) RX preamp 
(low = 100W 

220 MHz ALL MODE 
C106 10W in=60W out 
(1W-15W. 2W=30W) RX priamp 
C1012 10W in=120W gut 
(2W =45W. 5W =90W) RX preamp 
C22 2W in =20W out 
(useable in: 200mW-5W) 

RC-1 AMPLIFIER 
REMOTE CONTROL 
Duplicates all switches, 18' cable 

peak or average reading 
direct SWR reading j, 

MP-1 (HF) 1.8.30 MHz \, 
MP-2 (VHF) 50-200 MHz i 

430450 MHz ALL MODE 
D24 2W in =40W out 
( l W  =25W) 
Dl010 10W in = 100W out 

(1W=25W, 2W=50W) 

Available at local dealers throughout the world. 
Ir 177 

16890 Church St. Morgan Hill. CA 95037. (408) 779-7363 
COMMUNICATIONS EQUlPMENT,INC. 



"AMERICA'S MOST RELIABLE AMATEUR RADIO DEALER" I - ~ ~ 1 DEPENDABLE "SE-R-V-i€-E" ond, w e  fu l ly  ontend to 

carry o n  this p r o u d  trodirion w i t h  e v e n  MORE n e w  

p.oduct l ines plus the some "fair" t reatment you 've  

c o m e  to re ly on.  O u r  recondi t ioned equipment is of the  

1 finest quolily w i t h  30, 60 a n d  e v e n  W y  parts ond 
labor worronf ies o n  selected pieces. - 
And, r e m e m b e r . .  . 

1 - WE SERVICE WHAT WE SELL - 

AEA 

AMtCO 

A M B M  

ANTEX 

ARRL 

ASTROW 

ANTENNA 

s P f c r A L m  

B L W  
BtNCNtR 

BUTrERNUT 

' CUIHCRAn 

DIAWA 

D U K E  

ENCOMM 

HUSTLER 

ICOM 

JANEL 

IANTRONla 

I D I  

I 1 M  

L A r f m  

MI1 
MINI-PRODUCTS 

MlRAGi 

MOSNEY 

NYt 

PALOMAR 

RADIO CALLWON 
ROBOT 

ROHN 

TEliX I HYGAlN 

TIN.TfC 

TR10.IiNwooO 

UNADlllA I REYCO 

YAESU 

9-5 P.M. (CST) 
MONDAY thru FRIDAY 

OPEN YTUIDATS 
from 9-1  P.M. (CST) 

CLOSED 
SUNDAYSI HOLIDAYS 

SELL-TRADE 
1 

New & Reconditioned 

HAM EQUIPMENT 
Call or Write U s  Todav For a Quote! 

You'll Find U s  to be Courteous, Knowledgeable 
and Honest 

PHONE (605) 886-73 1 4 

NOW ONLY $299.95 I 
THE AMTOR TERMINAL UNIT !  ! l Works wlth any 

P 0 Box 73 ASCII termlnaf o r  p e r s o n a l  cornpuler wllh a t e r m t n a l  

208 E a s t  Kemp program. Also works RTTY. CW. ASCI I .  

W a t e r t o w n .  SD 57201 ORDER YOURS TODAY I L r m r t e d q u a n t r t i e s  I 
M K R O W l l  MOWUS liUNSVERTTRS 
MM111961t44G 1296 1298MHz 14461 2v GAAIET U69 
MM1477 78 2 437 437MHi 28rl 10w W79 
MMT77017R 5 220 275MH 2811 10w $749 
MMrl4l 7RH 144 146MH1 7811 25w OBM 

GAASft 1 U39 
MMT50128 R 50 54MHl 2&1 26r 

hlgtl p i  ltormance W 9  
SS8 ELECTRONIC TRANSVERlERS h PREAMPS 
11235 1796 I~RMHI 14411 I& GMSRT $479 
LT1'IS 907 9MMH7 14411 5w WUISf lT  5429 
MICROLINE 13 23M /11KMHz 14441 0 5w CAASFFT U49 
DX144S 01 144 11BMHl 0 Mbnl 25db gain $164 
DX4175 01 430 4411MHi 0 3db nl 200h llaln $119 
Ox17%S 1750 ll1YlMH1 0 Wbnl 730bgaln 1179 
DX710$ 2300 7110MH1 0 Mbnt lMhpaln $179 
MvtdlSOI 144 ldRMIIi OWhnl 7-h Untn $119 
MV41?5 01 430 4411MHi 0 7db nt 25011 qalll $179 
MV17%S 1250 1 IIKIMHz 1 Mbnl IMhpaln 1219 
DLW154 Sequera I lor MV preamps $79 
Pnl l ln 17%Mtii IDYsol~d rlalpPA $199 
PM13WA Telnl#lint#nu watt nrtpr (70rnw 20WI $719 
€ME ELECTRMlC 
HI 400 Hlghpower relay t442hw 432 thw St19 
P~13150 l ~ M H z 2 t u h r P A  150+W $369 
~ ~ 1 1 7 5  23MhtH1 1 tubePA 25+W $349 
WAllMETER 432 1?96 2306 MHz $7 19 
PA717m lmMH12 hlhe PA 2W + W wale1 

CMIIPI5 1275 
WJlO Wale! coders for 2W9 7289 

3CxlW elc 310 
M m  UMmO TRANSvEmm h m w p s  
G M ~ A I M ~  144MH1 se>tched preamp 

i d t i  n i  1 5hu St69 

r w F W  KMH, t'anwerlu 28MHzll 1Dr U39 
TWF144A 144MH?tlnnsvertel 28MHzll 1Ow U19 
Fr~tendboardstort1~71 17224 IC211 IC751 tC?71hmn$1?l 
TRANSVERTERS UNLIMllEO 
ROX 6786 STATION A HANSF'flERS IMERU) 
TnHllNiO ONTARIO (416) 759 5562 
CANAnA M5W lP1 EVENINGS 

1 7 MILLION TUBES I 

FREE CATALOG 
Includes all Current, Obsolete. An- 
tique, Hard-To-Find Receiving, 
Broadcast. Industrial, RadiolTV 
types. LOWEST PRICES. Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
PO. Box 213 , 175 

Elizabeth. NJ 07206 

. 

COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR 

by Wayne Overbeck. 
and Jim Sleffen, KC6A 

Hen's me 6rst source book 01 computer programs 
lor me Radto Amateur Besides covpnng compuler 
baacs, l h ~ s  book glves you programc that wlll help 
ou log determtne sunr~selsunset tlmes track the 

Loon s path across sky use Greyl~ne propaqa- 
l ~ o n  and set up record syslems for WAS DXCC 
and VUCC or any olher award You can ellher 
buy me book alone or you can buy the book wlM 
the programs already on d~sk Take lull advantage 
01 your computer wtm mts well wnnen source 
book ic 1984 l s l  edltlon 327 pages 

I \HA-0657 Sofibound $16.95 
[AHA-0657 with prouram $29.95 

sppc~ty computer (see l ~ s l  below) 

OProgram disk alone $19.95 
Pmgrams ava~lable tor Apple II @IS and CP/M) 
IBM (DOS) TRS RO M o d ~ l  I and Model Ill and 
Commodore C 64 Please mark your order wllh 
proqram d~sk you wan1 

P l s n s  Include $3 00 rhlpplnn md lunfflinp. 

Ham Radio's Bookstore 
Greenv~lle, NH 03048 

-THE JOY OF QRP: STRATEGY FOR SUCCESS-1 
The expens revlnwed Ade Welss's (WmSP) book and wrole Gwlp. Dobbs. G3RJV. Radcom: "I am most 
mpressed bolh ~ 8 t h  the scope and conlent 01 Ihe book Ihe sectlons on ohl*rt~ves, planning. operaIan 
lechnoques, band selectton and propagallon would help any Amaleur whalever power 15 belng used - SPRA? 

Q 
' a  comprshens~ve gunde lo Ihe whole sublecl ot ORP a real book tor ORP'rs and a tot ot OR0 operalors 
would banell, lrom readtng 11 ' Dwg 0cMa.r. WIFB. OS? ''I lound the book easy lo mad, and Ihs lext Is 
mreresl~ng t h r ~ q h o o t  I would have no hrs#lat~on 4n recommendtng WWSP's book lo any Amaleur nnlarested 
!n ORP awlrallo!~ In tacl. 11 will provlde great readon lor nearly any acltvc ham " Blll Welsh. W6DOB. Novtce 
Ed . CO IS1 pages covertog ORP tram basics lo Zne potnlr ~n 8 8nleresl8n chanler? Novlces wlll have 

p M) dlfllc~lty underslandlng the erplanal8ons Frsd Bonwlta. W50JM. ORP &renl:rly, In no otllpr place have 
I encounlered S L I C ~  a well-lounded slalemenl 01 the phrlosophy ot ORP operallng 
P ~ S T P A I ~  x t n  i l l s  I $17 9s IFore~onl Ir 121 

I 
- - - - . , . . . 

MlLLlWATT BOOKS. 833 Duke St. #83, Verrnillion. SD 57089- 
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Model 425 TITAN 
Linear Power Amplifier 

We have been accused of "over designing" the TITAN. And certainly, by cutting corners, it 
could be built at lower cost. But we think, in the long run, it will be an investment in reliability, 
flexibility, and the pure enjoyment of a permanent addition to your station - long after the price 
is forgotten. 

Every component is chosen to work well below its rating. The power transformer is our own, 
using a Hypersilm tape wound core, generously designed for excellent regulation. Capacitors 
and inductors are also made in-house for close quality control. 

The TITAN uses two 3CX800 tubes that will loaf along at 1,500 watts output. And, as they 
require lower plate voltage than older tubes, insulation breakdown is less likely. 

We think we have included present and future needs. Things such as full break-in and operation 
on 160 meters and all authorized bands. A separate power 
supply makes station layout easy for most convenient 

operating. And if you use AMTOR, SSTV or RTIY. 
there is no problem with continuous operation. 

The TITAN could easily be your final FINAL 
AMPLIFIER. 

See your dealer or write 

T E N - T E C , W .  
'Commercial version available 1r1~ s f . v I I n V I t t t .  1 t m m C S S 1 1  118n 



KXIO with completed "Colorado Kilowatt" 6-meter 
amplifier. Photographs courtesy WOMXY 

Several years ago I became interested in VHF con- 
testing and soon realized that contests require the ulti- 
mate in VHF operating skill, knowledge of propaga- 
tion, and the best equipment an operator can muster. 

Six meters, located in the "gray zone" between HF 
and VHF, but exhibiting characteristics of both, has 
made or broken many a VHF contest effort. If it's 
open, working 6 meters requires topnotch skills to 
maintain rate and sift through pileups on or near 
50.1 10. If 6 is dead, then high power, good antennas, 
and scatter techniques are the name of the game. 

It was the urge to work the 6-meter scatter circuits 
- and the rigors of contesting - that made me con- 
sider obtaining a full legal-limit kilowatt for the band. 
The amplifier had to be able to deliver full power out- 
put without strain for hours. It had to be a trouble-free 
design; aftel all, who likes to doctor an amp during 
a band opening? Because of second harmonic prob- 
lems in the FM broadcast band and proximity to chan- 
nel 2, it would also have to  have a very clean signal. 
Quite an order! 

There simply weren't any commercial 6-meter amps 
that met my requirements. Ten-year old marginal com- 
mercial amps built before the "amplifier ban" days and 
150-watt bricks were the sum total of selections avail- 
able. Because most of the older units used a p i  out- 
put circuit that just wouldn't provide enough harmonic 
rejection, they weren't clean and had second har- 
monics only 40 dB down. By today's standards, amps 
built for use above 50 MHz must exhibit second har- 
monic attenuation of at least 60 dB below the fun- 
damental signal. 

So I began to look for a design that would fit these 
parameters. After some research, it became clear that 

Easy-to-build 
3CX1000A7 unit 

provides 
legal limit output 

kilowatt amplifier 
the pi-L output circuit, which provided a clean signal 
and sufficient harmonic suppression, would be the 
right way to go. 

A 1000-watt dissipation tube was necessary. This 
meant that I'd have to use a pair of tubes such as those 
of the 8874 series or a single tube in the 8877 class. 
I ruled out glass envelope tubes because of high inter- 
nal capacitances. 

I chose the Eimac 3CX1000A7, a 1000-watt plate dis- 
sipation triode that's very similar to the 8877 except 
for a different socket. Parts are available from most 
parts supply houses. I used my junk box, RadioKit, 
Amp Supply, and a local parts supply house to obtain 
the necessary items.* 

The amplifier is built on a 10 x 12 x 3-inch Bud chas- 
sis. (fig. 1). Aluminum panels (0.040 inch thick) are 
used for the chassis bottom cover, sides, and top 
plate. Aluminum "L" stock, available from most hard- 
ware stores, is used to  hold the sides and top plate 
securely. All metalwork was done in my workshop 
using standard hand tools. 

circuit description 
The amplifier uses a grounded grid circuit with either 

the Eimac 3CX1000A7 or 8877, ceramiclmetal triodes 
intended for linear service in the HF and VHF ranges. 
The amp provides the legal power output of 1500 watts 
PEP and CW service with no effort and requires a 

1 driver delivering between 50 and 80 watts at 50 MHz. 
This is well within the limits of multi-mode rigs. 

With a plate voltage of 3000 volts at 0.8 amps the 

By Lauren Libby, KXOO, 6166 Del Paz Drive, 
Colorado Springs, Colorado 80918 
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fig. 1.6-meter amplifier schematic. 

amplifier performs at 60 percent efficiency. The grid 
is grounded by means of the grid ring of the 
3CX1000A7 socket providing a low-inductance path 
to ground. The amplifier is completely stable. 

One notable feature of the amplifier is the use of 
a vacuum variable capacitor for tuning and loading 
controls in the plate circuit. The plate tuning capaci- 
tor is a 3-30 pF and the loading capacitor is a 0-250 
pF. I used these units because they were available. 
The tuning capacitor should be a vacuum-variable 
because of the high voltages and currents present. An 
air-variable with large spacing could be used - just 
be sure not to exceed the voltage rating of the capac- 
itor. The loading capacitor can be an air-variable that 
is of good RF transmitting design and rated for at least 
2000 volts. 

The pi-L circuit provides good harmonic suppres- 

parts list 

E l  blowerlDaytonIC7.W1 
CR7.Z l(lllO-volt, 7-Amp diodes /Radio Shack1 
DS7 l7Ovolt lamp and holder 
FT 0.Wl -volt feedthroughs 
J l  Millen high-voltage connector 
J2 "N"-type chassis connector 
J3 BNC chassis connector 
L l  6 turns, No. 78 on slug coil form available from Radio Kit, 

CTC 15384-3 or equivalent, spaced 7/8 inch 
U 6 turns No. 18, 7/2 inch diameter, 5/8 inch long, self- 

supporting 
L3 3- 114 turns, 7/4-inch copper tubing, 2-inch diameter 4 inches 

long 
L4 8 turns, 3/76-inch copper tubing, 2-1/4 inches long, 3/4 inch 

diameter 
RFC7 41 turns, No. 76 enameled, spacewound about 4-1/8 inches 

long on 3/4 inch diameter x 6-7/2 inch long teflon rod thread- 
ed to fit wire windings 

RFC2 Ohmite 2-50 
RFC3,4 30-Amp filament choke laveilable from Amp Supply1 Eifilar 

wound on ferrite rod 
TI 5-volt, =Amp filament transformer /Stancorl NO. P-64&3 . 

sion and broad frequency coverage. Most designs for the 6-meter band cover only the first couple of Mega- 

'RadioKit, Box 411H. Greenville. NH 03048; Ampsupply, 201 Snow Avenue, hertz of the band because of exotic designs using 
Raleigh, NC 27602 "floating turns" and expandable coil arrangements. 
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- %  A 1000-pF ceramic doorknob capacitor is used 

fig. 2. Grid compartment, bias supply, and input circuits. All 
connectorsoutside thecompartment are made throughfeed- 
throughcapacitors. Theinput componentsarepictured in the 
lower center of the grid compartment. 

These designs have been attempts to deal with high 
internal capacitances present in transmitting tubes. 
Only about 30 pF of capacitance are needed to reso- 
nate most circuits at 50 MHz, and many tubes have 
almost that much capacitance. So, in essence, the 
tube is a fixed tuning capacitor resulting in no tuning 
range for a variable capacitor. 

This amplifier circuit provides for this condition by 
raising the Q of the circuit to allow for more capaci- 
tance tuning range. By increasing the 0, harmonic 
suppression is improved. 

A 12-volt 50-watt zener diode is placed in series with 
the cathode Yeturn line to set the desired plate idling 
current and bias. The plate and grid circuits are 
metered in the cathode return lead. 

the input circuit 
The input circuit is a "T" design consisting of two 

coils and a shunt capacitor. One coil and capacitor are 
variable. With these two adjustments it's possible to 
cover a broad range of input impedances. 

The controls are brought out the side of the unit for 
easy tuneup. Since the input circuit is a fairly broad- 
band circuit, no tuning is needed once it's set for the 
first Megahertz of the band. 

The input matching circuit can be seen in the lower 

between the BNC input connector and the variable 
inductor in the input circuit. A transmitting mica would 
have worked just as well, as long as it was capable 
of handling 100 watts of drive power. Silver mica capa- 
citors are used to isolate the filament line. 

bias circuit 
The bias circuit is built on a subassembly consist- 

ing of a brass plate and components. The subassem- 
bly is mounted on 1-inch spacers above the bottom 
of the chassis. The large resistors shown near the 
zener diode are suspended on a teflon rod hung from 
mounting supports. 

plate circuit 
Figure 3 shows the layout of the pi-L circuit. The 

plate choke is 43 turns of No. 16 gauge wire wound 
on a 314-inch diameter teflon rod measuring 6-112 
inches long. I threaded the rod using an NC (National 
Course thread) die and then spacewound the coil in 
the threaded grooves. Half-inch copper strap is used 
to connect the plate circuit components. (This again 
is to accomodate the rigorous operating conditions.) 
Since the plate circuit has a high Q, large circulating 
currents are present. The vacuum variables are 
mounted with 0.060-inch aluminum "L" brackets that 
were fashioned with metal shears and bent to shape. 
The plate inductor L3 is wound from 114-inch copper 
tubing. The "L" portion of the circuit is mounted away 
from the loading capacitor at a 90-degree angle and 
is connected to a 2-50 (Ohmite) RF choke and antenna 
connector. 

The layout is clean and easy to reproduce. Notice 
that an aluminum shield protects the filament trans- 
former from stray RF. 

center of the under-chassis photograph (fig. 2). The r - - 0 

filament choke, a commercial unit obtained from Amp fig.3.Viewof platecompartment. Notethelocationof the high 
Supply, is capable of handling 30 amps of current at voltage capacitor, plate choke, and plate circuit. This is an 

I 5 volts. uncluttered layout and easy to reproduce. 



fig.4. Rearview of completed unit. High-voltageconnectorand 
input tuning controlsare pictured. The blower is positioned to 
pressurize the lower portion of the chassis. 

fig. 5. Completed rear viewshowing the feedthrough cepaci- 
tors. output connector. meter mountings, and blower location. 

The high-voltage connector is encased in an alumi- 
num mini-box and connected to the high-voltage feed- 
through capacitor. Safety is paramount when dealing 
with lethal voltages such as those used in this design 
(see fig. 4). 

The tube chimney used with the 3CX1000A7 is a 
piece of teflon sheet (0.030 inch) cut to fit around the 
anode of the tube and fastened with teflon tape. Air- 
flow is directed from below the chassis and through 
the socket, and is then exhausted through the tube 
and out the top of the amplifier (see fig. 5). 

tube performance data 
Either a 3CX1000A7 or an 8877 can be used in the 

circuit. The 3CX1000A7 uses either the Eimac SK-860 
or SK-870 air system socket, a breechlock type. The 
8877 uses a plug-in Johnson 122-247-202 socket. 

Both tubes use 5 volts for the filament voltage. The 
primary difference is that the 3CX1000A7 requires 30 
amps of current, since it has a directly heated filament, 
and the 8877 requries 10 amps. 

Many operating parameters were tried with this 

piece of equipment. The most suitable ones for Ama- 
teur use are listed for the 3CX1000A7 below: 

Plate Voltage 
Plate Current (Single Tone) 
Plate Current (Idling) 
Grid Voltage (Bias) 
Grid Current (Full Drive) 
Filament Voltage 
Filament Current 
Power Input 
Power Output 
Drive Power 

3000 Volts 
0.800 A 
0.125 A 
- 12 Volts 

0.200 A 
5 Volts 

30 Amperes 
2400 Watts 
1450 Watts 

75 Watts 

adjustment and tuneup 
The completed amplifier is shown in fig. 6. Before 

applying any operating voltages, grid dip the input and 
output circuits to 50 MHz with the tube in the socket. 
This can be acccomplished by putting a 50-ohm load 
on both the input and output connectors. Tune the 
variable inductor and capacitor in the input circuit to 
resonate at 50 MHz. Note that this will have to be 
tuned again after the amplifier is operating; this will 
put it in the ballpark, however. 

Grid dip the plate tuning circuit to 50 MHz without 
applying any voltages. You may have to expand or 
compress L3 to resonate the circuit. L4 should not 
require any adjustment and is not as critical as L3. 
However, it should resonate near 50 MHz. 

Turn on the blower and apply filament voltage. Let 
the tube warm up, check the filament connections at 
the tube to ensure that a full 5 volts is present. Some- 
times a voltage drop can occur across the filament 
choke. The tube should be within 0.25 volt either side 
of 5 volts. 

Place a wattmeter in the input and output line of 
the amplifier. The input meter should be capable of 
handling at least 100 watts and the output meter 
should be capable of measuring 1500 watts output. 
I used a 2500-watt slug in my Bird meter. Tuneup was 
executed into a 1500-watt dummy load. 

After the tube has warmed up, apply reduced plate 
voltage (about 2000 volts) and look for any evidence 
of arcing or other abnormal conditions. If everything 
appears to be operating normally, apply a small 
amount of drive and adjust the input circuit for mini- 
mum SWR. Do this quickly and with no more than 
10 watts of drive. 

Apply more drive gradually and adjust the plate tun- 
ing and loading controls for maximum output power. 
Look for any abnormal conditions. If none are 
observed, increase the drive and retune. If everything 
looks good, increase the plate voltage to 3000 volts 
and quickly tune the amplifier with about 50 watts of 
drive applied. Read the output power, compute the 
input power by multiplying plate voltage by the plate 

July 1986 53 



Name 

Call Sign 

Address 

City State 

Zip Phone 

Date 

Signature 

fig. 6. Front view of the "Colorado Kilowatt.'' 

current and compare it with the output power meas- 
ured. This will give you an idea of the plate circuit effi- 
ciency. If everything appears normal, increase the drive 
to 80 watts, set the parameters suggested in this arti- 
cle, and you'll have a commanding signal on the 6- 
meter band. 

final comments 
Several lessons were learned in designing and build- 

ing this amplifier. One was not to hook the connec- 
tion of the high-voltage strap going to the tube to a 
bolt running through the teflon rod of the RF plate 
choke. During tuneup I had flaming teflon rod as a 
result of all the circulating currents running through 
a 6-32 screw. Make sure the connection of the tube 
strap is on the same side as the one to which the choke 
winding is attached. 

Before you begin construction of this amplifier, I'd 
suggest you do some reading: Bob Sutherland, 
W6PO's "Two-Kilowatt Amplifier for Six Meters," 
which appeared in ham radio in February, 1971, and 
Bill Orr's Radio Handbook, regarding the design 
parameters of the pi-L circuit, are "must" reading. 

Although you don't have to be an electrical engineer 
to build this amplifier (I'm an economist), it's not a pro- 
ject for the first-time builder. But if you have some 
experience, you may want to build it and enjoy the 
operating possibilities it affords. As you build, it may 
help to keep in mind something I've found to be true 
over several years of building amplifiers: for cleaner 
signals and years of trouble-free operation, it's best 
to  over-build. 

Because many good high-voltage circuits have 
already been published, I haven't included a power 
supply circuit with this article. Just be sure to make 
your power supply husky; if you have trouble lifting 
it, it's big enough. 

acknowledgments 
Many thanks to Ray Uberecken, AAOL, and Hal 

Bergeson, WOMXY, for their encouragement and 
help. Special thanks to  Reed Brandon of Eimac for 
hours of help in the initial design of the circuit. 

ham radio 
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BAND KIT WIRED - - - 
6M,2M,220 $630 $880 

4 4 0  $730 $980 

(Also available for commer- 
clal bands) 

FEATURES: 

SENSITIVITY SECONDTO NONE; 0.15 uV (VHF), 0.2 uV(UHF)TYP. 
SELECTIVITYTHATCAN'T BE BEAT! BOTH 8 POLEXTAL FILTER 
&CERAMIC FILTER FOR > lOOdBAT * 12KHZ. HELICAL RESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS. SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

resonator front end for exceptional selectivity, 
> lOOdBat i l2kHz, best availabletoday. Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 
Xtal oven avail. Kit only $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uVsens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFCor hel. res. Kitsonly $118. Alsoavall w/4polefllter, only $98/klt. 
R l l O  VHF AM RECEIVER kit for VHF aircraft 
or ham bands or &ace Shuttle. Only $98. @%,n m 

. TA51 VHF FM EXCITER for 10M, 6M, 
2M. or 220 MHz. 2 Watts continuous, 
up to 3W intermittent. Kit only $68 . TA451 UHF RM EXCITER 2W cont.. UP to 3W 
intermittent. Kits only $68. Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters 8 xmtg converters. Several models. 
Kits from $78. 

Modelstocoverevery practical rf & If rangetollstan toSSB, 
FM,ATV,etc. NF = 2dBorless. I 

VHF MODELS W)-222 a-30 
22C-22, 144-148 1 
222-226 144-148 

Lass Case 
wlrd $69 902-928 422-448 

Hamtronics Breaks 
the Price Barrier! 

3C 
No Need to Pay $80 to $125 

for a GaAs FET Preamp. 

FEATURES: 
Very Low Nose: 0.7dBVHF, 0.MB UHF 
High Gain: 13 to20dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gateGaAsFET, Very Stable 

UHF MODELS MODEL TUNES RANGE E E  
432-434 28-30 -- 

Kit with Case $59 435-437 28-30 LNG-28 
43-43 144-148 

26-30 MHz 
Lass Case 

$49 

Wl rd  02-43 50-54 LNG-50 46-56 MHz 
439.25 

$49 
LNG-144 137-150 MHz $49 

SCANNER C O N V E R T E R S C O ~ ~ B ( W M H Z ~ ~ ~ ~ O ~ ~ ~ ~ S C ~ ~ .  
LNG-160 150-172 MHz $49 

ner. WlredltestedONLY U)8. LNG-220 210-230 MHz $49 

I Exciter Antenna 
For VH F, Input Rang. OulpuI 

Model XV2 2830 144-148 
28-29 145-148 ' Kit $79 28-30 50-52 

27-274 144-1444 
Wired $149 28-30 220-222. 

(Specify band) ,%$ 220-224 
50-52 

144-146 28-30 

For UHF, 28-30 4.2-43 

Model XV4 28-30 435-437 
61 25 4 3  25 

Kit $79 144-148 4 3 2 - W  

Low-noise preamps with 
he l i ca l  resona to rs  re- 
d u c e  i n t e r m o d  a n d  
cross-band interference 
in  crit ical applications. 
12dB gain. 

MODEL TUNING RANGE PRICE -- 
HRA-144 143-150 MHz $49 
HRA-( * \ 150-174 MHz $49 

GaAsFET Preamps wlth fea- 

pt designed for LOW 
COST end SMALL 
SIZE: only 5BW x 

Model LNW-( * ) . . . . . Only SlSlklt, $34wlred 

Models available to tune the following bands: 
25-35, 35-55, 55-90, 90-120, 120-150, 
150-200,200-270, and 400-500 MHz. 

*Specify band 

NEW 
GaAsFET Pre- 
amp wlth fea- 
tures llke LNG. 
Autometlcally 
swltches out of llne dur- 
Ing transmit. Use with base or moblle 
transceivers up to 25W. Tower mtg hdwr lncl. 

MODEL TUNESRANQE KIT WIRED --  
LNS-144 120-175 MHz $59 $79 
LNS-220 200-240MHZ $59 $79 
LNS-432 400-500MHZ $59 $79 

1200 baud digital or packet radio signals 
through any FM transmitter. 
DE-202 FSK DATA DEMODULATOR 
COR.2 KIT With audio mixer, local speaker 
arn~llfler. tall &time-out timers. I 

'AddtPfor2M Input 

HRA-( * ) 450-470 MHz $64 
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- - .' IC- R71A 

Superior Grade General 
Coverage Receiver 

SALNCALL FOR PRICE 

2-METER MOBILES 
IC-28A (25w) IC-28H (45w) 

SPECIAL NEW PRICE! 

LATEST EDITION 

The Latest ~n ICOM's Long 
Line of HF Transceivers 

CALL FOR LOW, LOWPRICE I 25 MHz-1300 MHz 

IN STOCK FOR 
IMMEDIATE DELIVERY I 

1.2 GHz Transceiver: 
The First Full-featured 

1240-1300 MHz Transceiver 
ATGREATLOW. LOWPRICES 
- 

~ O ~ I  

HAND-HELDS 

WESHIP DIRECT TO YOU 
FROM ANY ONE OFOUR 
NATIONWIDE OUTLETS. 

More Details? CHECK-OFF Page 110 H 171 July 1986 57 



Portable radios can be a And because it is inherently 
t r a d e d .  In return for mobility m n a n t ,  the KDICHW can 
you get loss of perforniance. also be easily ~ m o t e d  with a 

Well now you can cut your 
losses si ificantly. All you f' The KD14's flexible, easy- 
need is t e new Larsen UHF to-get-along-with radiating 
KiiLDUCKIEw KD14-HW element measures a scant 12 
hall-wave antenna! It's a inches. At the base is a 3% 
mouthful but it'll do your ears inch impedance transformer 
a lot of good. that gives added strength. 

Recause it's half-wave, the The KD 14 half-wave series 
KDI4-HW is fully resonant is also available in a collapsa- 
despite the gmr p n f  ble 2-metcr version. 
plane r r t a  In are faccd Cut your losses and 
with. nder ideal ground improve your gain when 
plane conditions, it delivers you operdte with the new 
performance cqual to a full Larsen UHF KuLDUCKIEaD 
quarter-wave. And that's a KD 14-HW, with no-nonsense 
powerful improvement over warranty. You can see it at 
most portable antennas! your favorite amateur dealer. 

m *For units with BNC output. 

The Amateur's Professional'* 
See your favorite amateur dealer or write for a free amateur catalog. 

IN USA I avitxrl i I n  Ir<mct , In< llr, l  I N r c.O1l~ Ave PO BOX 17~19 v ~ t ~  o i r v ~ . ~  W; '.ril>m . ' in, 1!7.1-7727 
INCANADA Canadian I arcrn Llcclron~cs, l ill 143 Wrsl Glt1A~. Vancou~~r  B C  V!,f I K 3 . W  877-8511 

LARSFN' Ki!LROD. AND KirLDUCKIE' ARE RFGISTERED TRADEMARKS OF LARSEN ELECTRONICS INC 
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SaveTime-Money with HAZER 
Never cllmb your lower agaln wlth lh1s nlevalor 

SATEUfiE 
DECODER MANUAL 

Reveals How S i g n a l s  are L)P Cy-F'hared 

Three dttterent types used 
detailed/schematia 
digital audio processen 
error correction & filtering 

100 pages bound. . . $24.95. 

NEW L A D Y  X~TASY KITS FROM 559 05 
ASSEMFILED REAGY TO GO FROM S 17905 
OTHER T W E S  OF DECODERSAVAILABLE 

.THfMATtCS k RcIIARDSAVAILMLE 
IrCN.EIIS INQ!JII?IES INVIED 

SEND $5 FOP tNFORUATI0N CATALOG 

Wgrlm Video Roducts 
P. 0. Box 3325 H 

Plymouth Ctr., MA 0236 1 

system 
Antenna and rotator mount on  HAZER. complete 
system trams lower In venlcle uprlght porltton 
Safely lock system on  HAZER operates while 
ratslng-lowenng h normal posntton Nwer can fall 
We~ghl  I tansf~rred directly 10 tower Wlnch cable 
used onlv lor ratslnO d lowernng Easy lo lnslall and 

I 

use 
w111 s ~ p p o n  most antenna arrays . ~ l g h  quality materlsls d workmanshlp . Salety - speed - canvenlence - smooth 
travel - lnexpenslve . Camptete hat bnclude. wlnch. 100 11 O l  

cable hatawereandtnslrucllons ForRohn 
25 G Tower 

I Aranall?rml~rP purch-eaMantnM-l3orM-18 
alummum lower nnglneered rpsc~ttcalhl tor the 
HAZER IyJlrm or a I,uly gal~-rupport#ng Sled 154 I 

for the 

Apple  Macintosh" 
.I ,>I,,,~.,. ,s7ur ~ c ~ ! L b u L d n c 8 ~ l , b ,  I*~SLC, ndd8<<' - \pl#l ween cllrl.l.#\ I,. \cp.tr.tc wnd rnd rucclta d . ~  
.I ,,I1 \I ,,,, ",,*,I, 1 ,,.! l,,,<!l.,<< . I \c 1 llm!nr!td\ rnll I'.~rrcnricr~ vn ptlll drwn nwnu, . ~ ~ ~ ~ o ! & ~ ~ ~  111%. lam!  <!#?>F~!c, r*WlC\ 

I ,lu ,r.,n,lrr 11\11,,! %\lll." 1 .I\Crp"lll.<ll 
I ~m!mtnrnd pr,rnlarr lllr< . I rrr up$r.alc\ 1.1, <!tic !C+l. .,I,CI ~I,,LL.(\. - l>~,L.$gc, ,mI ~ p p ~ n c d  I'X, 

, ~ ~ . ~ ~ l . ~ h l ~ ~ l ~ ~ ~ ~ ~ ~ ~ l ~ ~ , ~ l c ~ ~ ~ ~ ~  ITS,": 

Brincomm Technology 
3155 Resin Street 
Mar~etta. GA 30066 

r . ~ ~ , r ~ b r  ~C>IIICIII\ .I\III .81,l,n,pn.!lc \I.$IL' \rle, u- 
\I . , i , , , l ,  -1, I,., ,I, , ,  1 L.,,,,,, L II,PII.C,I 111 ,\~/1lrl'1."lpll,~1. III 



Inexpensive IC 
makes front end 

"uncrunchable" 

a broadband amplifier-attenuator 

The step attenuator is an important RF building 
block. On the workbench it can be used for testing 
the performance of amplifiers, mixers, or entire receiv- 
er systems; they're particularly useful for intermodu- 
lation tests. In test equipment they're useful for level 
references in spectrum analyzers and other instru- 
ments requiring wide dynamic range RF level meas- 
urements. 

It's unfortunate, however, that step attenuators 
aren't often used in Amateur Radio receiver front ends. 
Anyone who's ever operated contests with a low dy- 
namic range receiver knows the disastrous conse- 
quences of receiver overload and intermodulation 
interference; it's usually the third-order intermod prod- 
ucts that cause problems in  receiver^.',^ 

The equations that define the third-order product 
levels indicate that if you reduce the input signal lev- 
els by 1 dB, the third-order products will decrease by 
3 dB. Thus if you "switch in" 5 dB of attenuation at 
the front end, the intermod products will go down 15 
dB. With multiple strong signals coming through the 
receiver bandpass, the step attenuator can indeed be 
a useful feature; under contest conditions, for exam- 
ple, there's no need for an expensive receiver to be- 
come less useful than it might be when the addition 
of a few resistors and switches could have been used 
to eliminate the problem (fig. 1). 

Another problem arises during low signal level con- 
ditions, particularly at higher frequencies. Since the 
signal-to-noise ratio and "noise figure" of the receiv- 
er are largely determined by the front end, using a low- 
noise amplifier will improve ultimate sensitivity. The 
typical HF receiver front end consists of a tuned am- 
plifier complemented with some type of gain-control 
circuitry. This gain control can be automatic (AGC) 
or manual (RF). Front-end design is complicated by 
the tuned circuits necessary for image rejection if a 
low IF is chosen (<20 MHz). However, the trend in 

modern Amateur Radio receiver design is to first "up- 
convert" to a relatively high IF (typically 45 MHz). This 
technique places the image well up into the VHF spec- 
trum and eases the front-end filtering requirements. 

broadband constant gain and 
impedance 

Some type of bandpass and impedance matching 
circuit is still required as an interface between the an- 
tenna and the usual discrete amplifier device. Unfor- 
tunately the input and output impedances of the 
familiar bipolar and FET devices do not match the 
universal 50-ohm standards. 

The front-end amplifier problem can be greatly 
reduced by designing with a new broadband amplifi- 
er, the Signetics NE5025 (fig. 2). Priced at about 
$1.50, the 5205 is a 20-dB gain block using a multiple 
feedback scheme that normalizes the input impedance 
over a very wide range. Both gain and impedance 
show only slight variation from DC to 650 MHz! The 
input impedance of the amplifier is simply "imaged" 
by the output termination; that is, if you terminate the 
output in 50 ohms, the input impedance will also be 
50 ohms. This particular characteristic, in monolithic 
form, should be of interest to RF experimenters. 

The 5025 also works in systems of 75 ohms and 
higher impedance. JFET double-balanced mixers (for 
example, the Siliconix U350) and the new ultra-high 
performance DMOS quad rings (such as the Siliconix 
Si8901) have a relatively low but constant input im- 
pedance, typically 12 ohms. Thus the 5205 can feed 
an 8901 through a 4:l broadband balun for broadband 
front-end operation up to a few hundred MHz. This 
example completes a high-performance radio front- 
end concept free of resonant tuned circuits. 

By Robert J. Zavrel, Jr., W7SX, 707 Borello, 
Mountain View, California 94041 
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- - - -  

(formerly ~ o d e /  370-15) 

Fully Assembled 52 OHM Only 90 feet long 
SWR leu than 2:l from 3.5 thru 30 MHz. Average SWR 1d:I 
Wlll handle 1 KW power(2 KW PEP) 
Can be installed as flat top, slopet, or Inverted "V' . Used the world over in government & commercial communication 
installations 
ldeol for all operations - amateur, commercial. MARS - any frequency 
from 3.5 - 30 MHz 

PRICE $16750 
ALL OUR S MADE IN USA 

BARICE1 ILLIMbrnII 
Suallrv Communicaron noducts Since 1932 

)ur Distributors. Writt 
om1 Street. Brlstol PA 
5) 7865581 

Measure Up With Coaxial Dynamics Model 

83000A RF Peak Reading Wattmeter 
Take a PEAK with Coaxial Dynamics "NEW" Model 83000A, designed 
to measure both FWDlRFL power in CW 
and FM systems simply and quickly. 
Then with a "FLIP" of a switch, 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A'features a complete se- 
lection of plug-in-elements plus a 2  
year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 
"PEAK", you'll like "WATT" you see! 

Contact us for your nearest autho- 
rized Coaxial Dynamics representa- 
tive or distributor in our world.wide 
sales network. 

15210 lnduslrlal Parkway . 
Cleveland. Ohio 44135 
216-267.2233 
1-800-COAXIAL 
Telex 98-0630 

Service and Dependability.. . a  Part of Every Product 
fl 165 

WELCOME TO 12 METERS! 
Add all lhns WARC Bands l o  your FT-101 

Increases Resale Value of your Rig 
Installs easily, deta~led lnshuct~ons 
Includes all crystals, relays, wlre, etc 
Tested. fool-proof design for all but '20 

FT-101 Oband WARC KII  ..................... WS 
FI-901 30M Only WARC Kit ................. S l a  

Shlnn~nq 55 IUC f, L madal 112 Elsewhere 
Order 0 ,  mall or phone I'I'INMC or COD Accepled 

I GO FOX TANGO - TO BE SUREl I 

,- > 
Ideal for Packet Radio [a] Model Teletype 4.3 

5195.00 
- Olt - - TI 745 

$165.00 

KSR Terminals 
with RS-232 
sr,rinl I/O 

Wr h:i\,c lul l? n'mr~d~lnonrd hlodrl 43 Tc lu lp -  
:1111l 'rcrar Inrln~~ncnt\ 715 ern,~!l:~ls 1h.11 Il:tvc 
e<,,,,c ,,!I lk:,\? :,11,l ;1rc I,,>W ~ t " ~ i l 3 I ~ l ~  f<W ,,,,",~~ll 
;llc d e l l v e ~  'Ilr\r am well m.~~nla~nrd unll* 
Itlm!\ltcd uilh :I 30 d.~? rcnlrn to tkpol warrsllr! 

lll#rcsn I.cnsing. Inc. 1-800-572-b060 

A r I 1% 1312) 690.0~50 . d 

This publication is 
available in microform 

Pls~se  nand ~nlnrmsl~os , ~ l x ~ u l  there I~ l les:  

-~ --- 

- 

N ~ m a  -. . 

Cump~nvllnrllltrltl,n __- -- 
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Atldrws - . 
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fig. 4. Use of multi-wafer ceramic miniature switch for NE5205 inlout switch. 

Some filtering is still required, however. The use of 
upconversion techniques allows installation of a sim- 
ple multi-pole 35- or 40-MHz low-pass filter ahead of 
the attenuator for image rejection. Inclusion of a 
broadcast band high-pass filter is also desirable for 
strong A M  signal rejection. 

overcoming circuit constraints 
The circuit shown in fig. 1 allows both attenuation 

and amplification. Although using mini-toggle 
switches limits the frequency response to about 350 
MHz, they are easy to mount, inexpensive, and rug- 
ged. This circuit is practical for the 160- through 
2-meter bands. 

A few precautions are necessary when using the 
5205. It's usually easy to use if good RF techniques 
(i.e., providing adequate grounding and keeping the 
leads as short as possible) are employed. Care must 
be taken, however, when switching both the input and 
output circuits with a common switch assembly. The 
switch forms a capacitor between the input and out- 
put, while the switch leads and circuit board etching 
form a strip inductance. The resulting series LC cir- 
cuit in the feedback loop will cause the amplifier to 
oscillate at a VHF or UHF frequency. The circuit 
shown oscillates at about 600 MHz, but the level is 
well below saturation, and the spectrum is very clean 
below 400 MHz. All oscillations can be eliminated by 
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THE STANDARDS OF EXCELLENCE 

I SUPERIOR WEAK SIGNAL PERFORMANCE ( 
1. COMMERCIAL MODEM 

I COMPARE with ANY unit at ANY Price I 
J A 1 - 

-> 
-7 - 1 - ./ 

THE WORLD OF VHF/HF PACKET' 
CW, RTW, ASCll AND NEW DUAL 
AMTOW' I S  AS CLOSE AS YOUR 
FINGERTIPS WlTH THE BRILLIANTLY 
INNOVATIVE STATE-OF-THE-ART 
MICRO-COMPUTER CONTROLLED 
U(L~!moE.  SPECIAL SALE SHOWN WITH OPTIONAL KANTRONICS KPCP 

AND MFJ 1270 TNC-2 

WtthP.cm--m 
AUTOMATIC SENDIRECEIVE-WSPEEOHSHIFT BUILTIN COMPUTER GRADE SMONITOR EXTERNAL MONITOR JACK TIMECLOCKON 

SCREEN TIMEDTRANSMISSION AND RECEIVING SELCAL CRYSTAL CONTROLLED AFSK MODULATOR PHOTOCOURER CW. FSK KEYER ASCll 
KEY ARRANGEMENT 15 CHANNEL BATTERY BACK-UP MEMORY 1.280 CHARACTER DISPLAY MEMORY SPLIT SCREEN TYPE-AHEAD BUFFER 
FUNCTION SCREEN DISPLAY PARALLEL PRINTER INTERFACE SPEEDS: CW 5-100 WPM (AUTOTRACK). 12-3M) BAUO (ASCII AND BAUDOT); 12-600 
BAUD TTL: 100 BAUD AROIFEC AMTOR ATC RUB-OUT FUNCTION AUTOMATIC CRILF WORD MOOE LINE MOOE WORD WRAP AROUND 

ECHO TEXTCURSORCONTROL USOS DIDDLE TESTMESSAGES (RY ANOOBF) MARK AND BREAK (SPACE ANDBREAK) SYSTEM VARIABLE 
CW WEIGHTS AUDIO MONITOR CRlCUlT BUILT IN CW PRACTICE FUNCTION CW RANDOM GENERATOR BARGRAPH LEO METER FOR TUNING 
OSCILLOSCOPE OUTPUTS BUILT IN 100.120 1220240 VAC SOI6OHZ AN0 13.8VDC POWER SUPPLIES AND MUCH. MUCH MORE SIZE: 14W x 140 x 
SH 1 YEAR LIMITED WARRANTY 

0-777 THE MOST ADVANCED COMPUTER INTERFACE 
EVER DESIGNED FOR COMMERCIAL AND AMATEUR USE. 
RTTY. BIT INVERSION [RTTY). ASCII. AMTOR [MODE A IAROJ. MODE B [FEC AND 
SEL-FEC]. MODE LJ. CW.=Y S P E E D A N Y  SHIFT [ASCII AND BAUDOT 

AUTO OEC00116: Autolnrtially dew& slgnal and displays moda s p d  and pdarlty on Vn CRT - COMPARE! 
28 BARLED'S and LED'S plus~a ~ ~ - 6 n p h ~ T u n l n p  lndiclor lndlcrts functlon mod& and status - COMPA 
Tim awrrwns porra d ths 8 -777 is l lmhd only by the lrnaplnllon of the ursr and the wminal program 
U# wlth Any mnputsr t h l  has US232 a TTL l/a IBM. Appla Commodwa TRSBR ar 

IRE! 
of the con 

Everything Built In - Including Software - Nothing Else To Buy! 
'SPEEDS: CW 5-100 WPM (AUTOTRACK). 12-200 BAUD (ASCII AN0 BAUDOT); 12-600 BAUO TTL. AN0 RS232 OR TTL LEVEL DATA CONNECTION - 100.2400 

BAUD (ASCII) OR 45.5.200 BAUD (BAUOOT) SELCAL MEMORY: 15 CHANNELS +769 CHARACTER INPUT BUFFER AUTO P l l  CW ID DIDDLE 
USOS ECHO AUTO CRlLF ATC RUB-OUT CW PRACTICE GENERATOR VARIABLE CW WEIGHTS TEST MESSAGE (RY AND OBF) FULL CAT 

FUNCTION DISPLAY MARK - AND - BREAK (SPACE - AND -BREAK) SYSTEM XTAL AFSK AUDIO MONITOR OSCILLOSCOPE OUTPUTS AND MUCH. 
MUCH MORE POWER SUPPLY RMUIREMENTS: 13.8 V OC. 700MA SIZE: 9W x 100 x 2HH 1 YEAR LIMITED WARRANTY 

EXCLUSIVE DIS' 
A M A T E L  
8817 S.W. 

MANUFACTURE1 
TON0 C 
98 Motosc  

rRIBUTOR: 
I R - W H O  
129th T e n  

3 INOUIRIES 
I E L E C T  
ti. Florida 

A T l O N  
Maebashi-Shi. 371. 

i INVITED 
' R O N I C !  
33176 1 

J a p a n  

FOR YOUR NEAREST DEALER OR TO ORDl 
S TOLL FREE ... 800-327-311 
- e l e ~ h o n e  1305) 2353631  Telex: 80-33 

*PLEASE C A L L  FOR DETAILS 
*'Dual Amlor: Commercial quality, the EXL.5WOE incorporates two completely separole modems to fully support the amateur Amtor 

codes and all of the CClR recommendations 476.2 for commercial requirements. 
Specifications Subject to Chanp. 
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using a miniature ceramic rotary switch configured as 
fig. 4. The goal is to raise the feedback resonant fre- 
quency above the gain cut-off point of the 5205. This 
is accomplished by reducing switch capacitance and 
lead inductances. The 5205 can also be left "on" at 
all times, thus eliminating the oscillation problem. 

A 

construction techniques 
The test unit was built on a 1 x 3-inch PC board with 

double-sided ground planes. The PC board can be 
mounted in a die-cast minibox that also holds the in- 
put and output sockets (BNC, N, or UHF) and the 
mini-toggle switches. The 5205 is available in standard 
N, surface mount, and TO-46 packages. If the TO-46 
is used, the package should be mounted in a snug hole 
and the case soldered to the ground plane. Miniature 
ceramic input and output capacitors should be sol- 
dered directly to the 5205 leads. Good UHF design 
techniques must be employed even if the unit is used 
only at HF. 

good intermod performance 
Table 2. T-network resistive attenuator (50 ohms). 

dB Atten R1 (ohms) R2 (ohms) 
1 2.9 433.3 
2 5.7 215.2 
3 8.5 141.9 
4 11.3 104.8 
5 14.0 82.2 
6 16.6 66.9 
7 19.0 55.8 
8 21.5 47.3 
9 23.8 40.6 

10 26.0 35.0 
11 28.0 30.6 
12 30.0 26.8 
13 31.7 23.5 
14 33.3 20.8 
15 35.0 18.4 
16 36.3 16.2 
17 37.6 14.4 
18 38.8 12.8 
19 40.0 11.4 
20 41 .O 10.0 
21 41.8 9.0 
22 42.6 8.0 
23 43.4 7.1 
24 44.0 6.3 
25 44.7 5.6 
30 47.0 3.2 
35 48.2 1.8 
40 49.0 1 .O 
45 49.4 0.56 
50 49.7 0.32 
55 49.8 0.18 
60 49.9 0.10 

Attenuation in 5-dB steps was chosen. This issome- 
what arbitrary; other steps can be selected. T a b l e s  1 and 
2 are included for c~nvenience.~ This circuit, shown in 
fig. 1, allows gains of - 35 to + 20 dB in 5-dB steps, 

i 

which should be adequate for any HF receiver require- 
ments.   he attenuatois should the amplifier to 
maximize amplifier linearity. 

The noise figure of the 5205 is less than 6 dB at 100 
MHz for 50-ohm systems, dropping to 4.8 dB at 75 
ohms. The third-order output intercept point is + 17 
dBm. This indicates that it will take two signals 33 dB 
above S9 to produce a third-order product at an S1 
leveL4 With only 5 dB of attenuation inserted, two sig- 
nals must be 48 dB above S9 to produce an S1 level 
third-order intermod. This is indeed a strong front end! 

summary 
This simple project can greatly enhance the utility 

of a step attenuator on the test bench. In a receiver 
front end the NE5205 can eliminate bandpass filters 
while exceeding the intermodulation characteristics of 
many common mixers. Finally, when combined with 
a very strong mixer (such as the Si8901) an entire 
broadband, high-performance receiver system be- 
comes possible. 

references 
1. Krauss et al, Solid State Radio Enginering, John Wiley and Sons, 1980. 
2. Wes Hayward, W7ZOI, Introduction to Radio Frequency Design, Prentice- 
Hall, 1982. 
3. 1986 ARRL Handbook, American Radio Relay League, 1986, Chapter 25. 
4. Robert J. Zavrel, Jr., W7SX, "A Calibrated S-Meter", hamradio, January, 
1986. page 23. 
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BEAM ANTENNA HANDBOOK 
Completely revised and updated with the latest computer generated informa- 
tion on BEAM Antenna design. Covers HF and VHF Yagis and 10. 18 and 24 
MHz WARC bands. Everything you need to know. 204 illustrations. 268 
pages. (c)1985. Revlsed 1st edltlon. 
I IRP-BA Softbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Pr~mer on how-to-build simple low cost wire antennas. Includes invisible 
designs for apartment dwellers. Full of diagrams and schematics. 192 
pages. 131972 2nd edition 
I IRP-WA Softbound $7.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
Simple to build, lightweight, and high performance make the Quad at DX'ers 
delight. Everything from the single element to a multi-element monster. A 
wealth of information on construction, feeding, tuning and installing the 
quad antenna. 112 pages. 01982. 3rd edition. 
I IRP-CP Softbound $6.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth of projects that covers verticals, long wires, beams as well as 
plenty of other interesting designs. It includes an honest judgement of gain 
figures, how to site your antenna for the best performance, a look at the 
Yagi-Quad controversy, baluns, slopers, and delta loops. Practical antenna 
projects that work! 190 pages. 811978. 1st edition. 
I IRP-AH Softbound 57.95 
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ham 
miQRi 

~ ~ ~ ~ o - ~ ~ ~ B O O K S T O R E  
I GREENVILLE, NH 03048 (603) 878-1441 

64 July 1986 



Learn Radio 
Morse Code 

on your IBM PC, PC JR., 
PC-XT, PC-AT, or IBM compatible 

with 

CODE TUTOR 
Learn the letters, numbers, and punctua- 
tion marks 
Practice receiving code at any speed from 
1 to 40 words per minute (like having your 
own code machine) 
Includes 10 user-alterable messages, help 
screen, and function menu 

$9.95 Postpaid 
ARCHWAY DATA SYSTEMS 

13 Timber R o a d  yl 

Edison, NJ 08820 

The Electronic Orphanage 
427-3 Amherst Street. Suite 174 

Nashua, NH 03063 CS2032 
Phone: (603) 882-6740 - BBS: (603) 882-9312 lVNn 
Our orphans include: 
Weller TC202 or Ungar 9200 soldering stations. 
refurbished. 30 day guarantee $25.00. 
Lisa 2 systems, include 512K memory, keyboard. 
mouse. 2-serial ports. 1-paralW pwt. New $1200. Demo 
$1100, Used $1000. 
MAC XL (same accessories as Lisa 2 plus 10 Mb hard 
disk). New 52600, Demo $2500, Used $2400. 
Accessories for a b m  systems: 
512K memory card $350 NEW 
5 Mb PROFILE disk $450 USED 
10 Mb PROFILE disk $999 USED. $1200 NEW 
Parallel interface $160 NEW 
Lisa 7/7 V3.1 $350 NEW 
W I T  plotten - ser~al port, parallel port. HPGL. 90 day 
factory warranty, slightly used. 
Call for Model and Price 
W I T  Lener quality daisy wheel printen, serial inter- 
face. OIABW emulation. 40 CPS. 90 day warranty. 
slightly used. 

CALL FOR MODEL AND PRICE 

Call our bulletin board for details and other small quantlty 
spec~als. 

We accep MMrrcard and COB wlcom Rmal C I W s  
delay you, order 3 0 d a p O R d r a k w  amasage Whus LH. 
mg the cade number we put on 1M back ol ywr check 

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. 

4 0 3 3  B r o w n s v i l l e  R o a d  I 
T r e v o s e ,  Pa. 1 9 0 4 7  

@ 21 5-557-1 400 @@Y 1 

TIRED OF THE 
WAGGIN' 
HE DOG! 

GO TEN 
ULTIMATE 

TEN-TEC's ULTIMATE high frequency mobile antenna compli- 
ments today's smaller cars with a sleek high performance design 
measuring less than 6% feet and weighing a bare 12 ounces. You'll 
never have to fold the ULTIMATE antenna. . . or guy it with fishing 
line to keep it vertical and resonant at highway speeds. There's less 
mass to resist the wind, yet the ULTIMATE is ruggedly built, easy 
to install, and packs a no compromise punch so necessary in mobile 
operations. 

The ULTIMATE features a longer coil housed in a durable fiber- 
glass shaft. Air is forced from the coil housing and replaced with 
helium, a stable gas that mixes with no other elements so it helps 
eliminate corrosion. 

A telescoping stainless steel whip helps facilitate tuning. The mount- 
ing ferrule is chrome-plated brass and fits standard 318" x 24 mounts. 

Seven "easy-on-easy-off" antennas cover 10 through 80 meters. 
Switchable Mobile Matcher available for all bands. 

See your dealer or write 

iruiitir TEN-TEC, INC. 
SEVIERVILLE, T E N N E S S E E  37862 

BELDEN 991 31991 4 CABLE 
"N" Connectors $3.50 Crimp or Solder Type 

FOX INTERNATIONAL, INC. 

717 W. U N I O N  HILLS DR. #3-190 
P H O E N I X ,  AZ 85027 
(602) 971 -2755 

"We Specialize In Custom Connectors" H 163 
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ham radio 
a summer miscellany 
Summer's here! Even though the 
sunspot cycle doesn't promise much 
DX, these are the months for antenna 
work. Here are some interesting de- 
signs you may want to try. 

7-MHz sloping antenna 
Many Amateurs have had success 

with the delta loop on the lower fre- 
quency bands. I've had queries about 
the effect of mounting the loop at an 
angle in order to conserve pole height. 
Does tilting the plane of the loop im- 
pede its fine DX record? I didn't know 
the answer to this question, but Kjell, 
SMGCTO, decided to try out the slop- 
ing loop shown in fig. 1. He found out 
that it worked very well; while he 
couldn't make a direct comparison 
with a vertical loop, he found it to be 
"a useful DX performer." (The anten- 
na was described in the September, 
1985, issue of Radio Communication, 
a publication of the Radio Society of 
Great Britain. 1" 

broadband 80-meter dipole 
There's been a lot of sound and fury 

about the so-called broadband dipole 
for the 80-meter band (3.5 to 4.0 
MHz). Many designs have been pub- 
lished and some of them work. One 
design that does work was recently 
described by Malcolm Johnson, 
VKGLC, in the November, 1985, issue 
of Amateur Radio, published by the 
Wireless Institute of Australia." The 
layout is shown in fig. 2. 

In brief, it's a cage dipole about 102 
feet long, fed by a matching trans- 
former and a 1-to-1 balun. The SWR 
on a 50-ohm transmission line across 
the 3.5- to 3.8- MHz range is less than 

'Walter Schulz, K30QF. "Designing A Vertical Anten- 
na," QST, September, 1978. page 19. 

1.8-to-1, with a minimum SWR of 
1.3-to-1 at the design frequency of 
3.65 MHz. It's ideally suited for use 
with a solid-state transmitter. Less 
than half a wavelength long, the five- 
wire cage exhibits a capacitive reac- 
tance at the feedpoint that's trans- 
formed by the parallel line transformer 
to become slightly inductive. A shunt 
capacitor at the feedpoint parallel- 
resonates with the inductive reactance 
to aid in improving antenna bandwidth 
response. 

The dipole is erected in inverted-V 
fashion, with the center apex at 36 feet 
above ground. 

Malcolm used a four-way splice con- 
nector called a "Queblock" to make 

, 

his insulated spreaders. In any event, 
it seems that a little ingenuity will pro- 
duce a spreader that will do the job. 
Six spreaders are required. 

The two-wire transformer is about 
0.08 wavelength long (20.7 feet) and 
has an impedance of 300 ohms. 
VK6LC used a home-made line, but I 
think that 300-ohm ribbon line could be 
used for low-power operation, provid- 
ed the velocity facor of the line is tak- 
en into account. The shunt capacitor 
can be a high-voltage disc unit or mica 
capacitor of 1 kV or better, for pow- 
ers up to several hundred watts. 

In order to obtain an accurate SWR 
profile of the antenna, VKGLC used a 
half-wave long transmission line. 

INSULATOR I ~ Y P I  

ABOVE GROUND 

RANOOM LENGTH 

fig. 1.7-MHz sloping delta loop at SMGCTO. 
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INSULATOR I T Y P I  

C 1 5 0 0 p F .  6hV  

5 0  OHM 
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fig. 2. The 80-meter cape diode at VKGLC. A 500pF capacitor is placed across at the balun. 

L 

- S O U T H  NORTH - 
RYI  I N C I  
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R I P  ( N C I  
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(152 5 m l  
( 1 5 2  dm1 

7 5  O H M  COAX -IJ OHM COAX COAX -12 
fig. 3. Variable length Beverage antenna at WB3GCG. Relay selection at operating position permits choice of 500,1000 or2000foot wire. 
Power to relays runs through coax line. 

The center resonant frequency of 
the antenna can be easily changed by 
adding or subtracting 5 inches of the 
300-ohm line for each 20 kHz of 
desired frequency change. 

Results? Plenty of DX worked, in- 
cluding such juicy examples as 
A71AD, ON5YA, YU4EBL, H441A, 
WAGSLO, HA5XW and others - all 
with 100 watts! That's not bad for any 
antenna on the QRM-filled 80-meter 
band! 

all you need is . . . 
. . . a bunch of 200-foot towers! I 

just received a letter from Willy, 
WB3GCG, who has changed occupa- 
tions and moved to a new QTH. He's 
had some big 160-meter antennas in 
the past and is looking forward to great 

DX days ahead. On 20 acres of land, 
he's erecting three 200-foot high steel 
towers arranged in a triangle, approx- 
imately 500 feet apart. The towers will 
support the ends of several Beverage 
antennas, each 2000 feet long. Relays 
will be placed along the Beverage 
wires so the wire can be either 500, 
1000, or 2000 feet long. When he's fin- 
ished, Willy will have eight Beverage 
antennas. The feed system for the an- 
tennas is as shown in fig. 3. Each wire 
section is terminated in a 9-to-1 trans- 
former. Coax lines run to the operat- 
ing position; the wire lengths and 
terminating resistors are selected 
through a control box. 

But that isn't all. Willy uses separate 
antennas for transmitting and receiv- 
ing. For transmitting, he favors a 

large vertically polarized loop (fig. 4). 
Similar loops are used as directors and 
reflectors. He can switch to horizon- 
tal polarization by means of a vacuum 
relay located at the apex of the loop. 

A large number of loops are strung 
on catenary cables between the tow- 
ers. Willy aims to have three separate 
160-meter delta loop beams, each con- 
sisting of back-to-back four-element 
parasitic arrays with a common driv- 
en element (see fig. 51, strung be- 
tween the towers! With the use of 
multiple feedlines and vacuum relays, 
each delta beam can be quickly 
reversed in direction. It takes a total of 
seven loops and 3500 feet of No. 14 
four-strand, vinyl-covered wire for one 
beam! 

In closing, Willy remarks that the 
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delta loop beam really works. All of 
this reminds me of the song, "Will 
everyone herelkindly step to the 
rearland let a winner lead the way!" 
Good luck, WB3GCG, and may the 
wintry winds be kind to your antennas. 

the "rinky-dink" antenna 
at K6FD 

Yes, that's what Ray, KGFD, calls 
his tuned 40-meter V-doublet (fig. 6). 
He uses it on the 30, 40, 80, and 
160-meter bands. The antenna is 
"tuned" from the operating position 
with a T-network. The included angle 
between the legs is about 75 degrees, 
and the wires slope down slightly to- 
wards the ground. The antenna is 
decoupled from the feedline with a 
simple 14-turn coil, 3 inches in di- 
ameter, of small RG-141 /U coax. The 
remainder of the feedline is RG-58/U. 

The simple network allows unity 
SWR to be achieved on all bands. The 
coax feedline is about 100 feet long. 
Ray says that with appropriate coils in 
the network, the system will tune 
through the broadcast band. 

Ray recommends this antenna to 
those operators who would like to try 
80- and 160-meter operation but 
haven't done so because they haven't 
room for large antennas. 

a cheap, top-loaded 
antenna 
for 160 meters 

Arne, KOAS, is lucky in that he has 
a number of tall trees on his property. 
He wanted to work the low end of 160 
meters and found design information 
for a top-loaded vertical antenna in an 
article in an old copy of QST. Follow- 
ing that design, he used a 50-foot high 
wire with plenty of top loading. The 
top loading disk, a rectangle in this 
case covering 480 square feet, is made 
of No. 10 copperweld wire. An L- 
network is placed at the base of the 
antenna to match it to a 50-ohm coax 
line. Beneath the antenna are 50 radi- 
als, each 125 feet long. A sketch of the 
antenna and the matching network is 
given in fig. 7. The feedpoint resis- 
tance of the antenna is about 18 ohms. 

The resonant frequency of the an- 

TOP OF ZOO' / 6 / m l  TOWER 

TO BALUN. 75 OHM 1/4 WAVE 

T R I N S F O R M E R  AND 5 0 0 H M  

,' 

fig. 4. Vertically polarized delta loop for 160 meters in use at WB3GCG. 
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fig. 5. WB3GCG'sdelta loop consistsof seven500-foot loopsof wire,fora total of 3500feet. 

i 

tenna can be raised to about 1850 kHz 
by manipulating the switches in the 
base network. At this frequency, the 
operating bandwidth between the 
2-to-1 SWR points on the feedline is 
about 60 kHz. 

Arne says the antenna is "quite in- 
expensive and the results are most 
gratifying." You couldn't ask for much 
more than that. 

another nifty low-band 
antenna 

Bob, KSEVI, wanted an antenna 
that would cover 160, 80, 40, and 30 
meters and fit in his back lot. What to 
do? He had a tower that supported a 

tribander for 20, 15, and 10 meters - 
now he needed an antenna for the low 
bands. 

His solution was to use a center-fed 
dipole, 45 feet on a leg. The antenna 
is slung, in inverted-V fashion, from 
the top of his 45-foot tower. The ends 
are about 15 feet above ground level. 
Bob uses a 600-ohm, open wire feed- 
line about 45 feet long that runs down 
to his station and into a simple match- 
ing network (fig. 8) for 80- and 
160-meter operation. For the other 
bands, he uses an old Johnson 
"Matchbox" tuner. On 80 and 160 
meters, the antenna feeders are tied 
together and the system works as a 
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top-loaded ver 
feeders doing 
radiation. 

TUNER 

1 1  -16 TURNS.  2  1 / 2 " ( 6 3  5 m m J  D IA .  / 
Z " ( 5 0  8 m m l  LONG 

i 2 . 4 0  TURN R O L L E R  C O I L ,  t i /?' '  

i 3 8 m m l  DL4 . 3"176 2 m m I  LONG 

4 0 '  

- R G S B / U  TO T U N E R  

\'-. 

fig. 6. Multiband antenna and T-tuner at K6FD. 

55'116 E m )  VERTICAL 

F E E D P O I N T ,  18OHMS 

fig. 7. The antenna and matching unit at KBAS. 

.tical antenna, with the the first radio handbook proclaimed it "the publishing event of 
the major portion of the year." Experimenters in the Unit- 

The Wireless Experimenter ed States and Canada bought out the 
first edition even before it was on the 
presses. And the General Electric 
Company bought 500 copies sight- 
unseen. 

Starting with Marconi's famous ex- 
periments at the turn of the century, 
the advance of wireless (i.e., radio) 
rushed ahead in Europe. Following in 
the footsteps of Marconi, experi- 
menters and engineers in Germany 
quickly advanced the radio art. But 
very little of this advanced knowledge 
crossed the Atlantic to the United 
States. Hearsay, letters, and months- 
old magazines were the only sources 
of information available to experi- 
menters and Radio Amateurs in the 
United States. 

There were, however, rumors of a 
wonderful handbook, written in Ger- 
man, entitled Lehrbuch fur Dratlose 
Telegraphic ( Textbook for Wireless 
Telegraphy). A few copies could be 
found in college libraries, but the in- 
formation was obviously accessible 
only to those who had a good com- 
mand of technical German. 

The 1912 version of the book - 
written in 1905, published in Braunsch- 
weig in 1908, and revised in 1912 - 
was translated by A. E. Seelig of Wells- 
ville, New York, and published by 
McGraw-Hill in the fall of 1915. And 
what a wonderful book it was! Writ- 
ten by Professor Jonathan Zenneck of 
the Technical High School of Danzig, 
the 440-page hardbound book clearly 
defined and explained the wonderful 
world of wireless. The book bristled 
with photographs of arc and spark 
transmitters and various types of crys- 
tal, carborundum, magnetic, and di- 
ode receivers. Much attention was 
given to antenna design and installa- 
tion. Long-range propagation via the 
ionosphere was discussed along with 
gray-line propagation at sunrise and 
sunset. 

Interestingly, comprehensive data 
was provided on voice transmission 
using an arc transmitter, a technique 
seemingly known to only a handful of 
experimenters. 
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STATE OF 
THE ART 

T h e  A R R L  1986 H a n d b o o k  For 
The R a d i o  A m a t e u r  c a r r i e s  on the 
tradition o f  the p r e v i o u s  editions 
by presenting 11 92 p a g e s  o f  com- 
p r e h e n s i v e  i n f o r m a t i o n  for the 
radio a m a t e u r ,  e n g i n e e r ,  tech- 
n i c i a n  a n d  s t u d e n t .  Paper edition: 
$18 in the U.S.. $19 in C a n a d a ,  a n d  
e l s e w h e r e .  Clothbound $27 in the 
US.. $29 in C a n a d a  a n d  e l s e w h e r e .  
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Uses 1 standard 
9 volt battery 
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This beautifully illustrated book, 
printed on cream-colored heavy paper, 
made Professor Zenneck an instant 
celebrity in the United States. 

the doctor is interned 
Shortly before World War 1, Dr. 

Zenneck came to the United States. 
Welcomed with a dinner at the Insti- 
tute of Radio Engineers in New York, 
he visited many radio laboratories, as 

well as the German-owned radio sta- 
tion at Sayville, New York. 

On July 6, 1917 the wireless world 
was stunned by a headline in the New 
York Times: ARREST GERMAN 
RADIO EXPERT AND TAKE HIM TO 
ELLIS ISLAND. The Department of 
Justice had determined that Dr. Zen- 
neck was "one of the most dangerous 
German subjects in this country," and 
claimed that he had participated in 
"the memorable German drive through /qr 116 Iml  %?> 7, 

, -. 
5 0 0  OHM 

& 
OPEN WIRE LINE 

r o  TUNFR 

OR MATCHING 
NE 1 WORK 

:::;rrTYE-- 5 0 0  a 1160 M E T E R $  

- 3: -0 ( 8 0 / 4 0  METERS1 

EXTERNAL r -- - GROUND 

fig. 8. K9EVI ties feeders together on his HF center-fed antenna and operates it on 160, 
80, and 40 meters. 

L 

ARREST GERMAN RADIO EJPERT The Deprrrtment of Justice is said 
to look upon Professor Zenneck as 

AND TAKE HIM TO ELLIS lSUND one of the most dangerous German 
subjects in this country. Germany 
looks upon hlm ns one of her most 
skilled wireless telegraph experts. 'enneck Is to Be In- and he came to this country espe- 

temed During War By Order cially to direct German wireless ac- 

From Washington. tlvittes. For a long time he mas in 
charge of the German radio statlon 

By the Unitul Prra 
Trenton. N. J., July (.-~ctlng un- 

a t  Sayvi1le. Of late he has been Iiv- 
ing a t  Boonton, at which point he der spectal orders from the Depart- was arrested by Peputy Denny. 

ment of Justice s t  Washington. Before coming to America Professor 
*Ilited Deputy Lin- Zenneck served in the German Army 
ford Denny, of this city, late 1 s t  

Jonathan Zannock, in a n  omcia1 capacity. He partici- 
radio under arrest pated in the memorable German drive 

and took him to Ellis Island. where t,hg"":: " , " ~ f D ~ r t g " ~ ~ ~ ~ ~  zE,l:iEi 
he will be interned for the duration to Udted SLatea 
of the nor. 

4 

fig. 9. The New York Times reported arrest and detention of Professor Zenneck. 

Belgium" and had later "falsified his 
passports" to gain admission to the 
United States (fig. 9). 

Were these accusations true? No 
matter. Dr. Zenneck was interned at 
Ellis Island for the duration of the war. 
Released at the end of the war, he 
reportedly enjoyed a reunion dinner 
with his colleagues at the Institute of 
Radio Engineers, but thereafter disap- 
peared from history. 

By that time the glamour of "Zen- 
neck" had faded. Great strides in ra- 
dio communication had been made 
during the war period and the vacuum 
tube was supplanting the spark, the 
arc, and the crystal detector. 
DeForest's audion, which originally 
rated a half-page in "Zenneck," was 
now supreme and large portions of the 
first Radio Handbook were swept into 
the dustbin of history. 

"Zenneck" today 
Looking at yesterday through the 

eyes of today is an instructive exper- 
ience. Zenneck had a firm grasp of the 
basic principles of wireless. Much of 
his book is fundamentally correct and 
the work stands as a monument to the 
author and the many prominent scien- 
tists who assisted him. Copies of the 
first edition of Wireless Telegraphy 
(1915) are very rare and hard to locate. 
(I found mine in a second-hand book- 
store.) It is prudent for connoisseurs 
of the radio art to be alert for a copy 
of this work because it represents the 
very foundation of radio handbooks 
today. 

A belated - and much-deserved - 
congratulations to Professor Jonathan 
Zenneck for a job well done! 

2-meter EME directory 
The 16-page directory of active 

2-meter "moonbounce" stations 
worldwide, listing each station's name, 
QTH, and equipment used, has been 
reprinted. For a copy, write to me at 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. Enclose five 
first-class stamps (or five IRCs) for 
postage. 

ham radio 
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extending receive coverage 
for the IC-02 and IC-04 

Simple, reversible 
modifications 

let you monitor 
public service 

frequencies 

The ICOM IC-02 (2 meters) and IC-04 (70 cm) 
handhelds are a natural step up from the earlier IC-2 
and IC-4. Microprocessor controlled, these newer 
models feature a liquid crystal display, an S-meter, a 
built-in CTCSS (continuous tone-coded squelch sys- 
tem), and scanning capability, all in a water-resistant 
package that accepts accessories designed for the IC-2 
series. 

The United States version of the IC-02 transceives 
from 140 to 149.995 MHz; the IC-04 will transceive on 
the upper 10 MHz of the 70-cm band from 440 to 
449.995 MHz. With the simple modifications described 
in this article, the IC-02 can be adapted to receive from 
140 to approximately 163 MHz; the IC-04 can be modi- 
fied to receive up to about 465 MHz. Transmit capa- 
bility is unaffected, and any frequency entered will be 
properly stored in memory. Because this isn't a per- 
manent modification, each rig can easily be returned 
to its original state. 

Extending the receive capability of either unit will 
let you listen to the public service frequencies (police, 
fire, and radiotelephone, for example) located just 
above the 2-meter and 70-cm bands. Modifying the 
IC-02 also permits reception of National Weather Serv- 
ice broadcasts at 162.40, 162.475, or 162.55 MHz in 
most metropolitan areas. Receive sensitivity for fre- 
quencies this far removed from the 2-meter band is 
reduced, but should be adequate for most applica- 
tions. 

the microprocessor 
The IC-02 and the IC-04 are each controlled by a 

Hitachi HD44795 80-pin microprocessor which oper- 
ates the display, keyboard, and frequency synthesizer. 
The processor operating environment is determined 
by an initialization matrix (figs. 'I and 2) consisting of 
four output and four input lines connected to each 
other in a specific pattern with isolating diodes. This 
pattern determines processor reset frequency, upper 
and lower band limits, step size, method of frequency 
entry from the keyboard, and other functions. The 
modification procedure described here changes the 
initialization matrix to remove the receive frequency 
limits as determined by the microprocessor. Receiver 
coverage, however, is still limited by the tuning range 
of the synthesizer VCO and by receiver sensitivity. 

disassembling the units 
Before you start, make sure you have a soldering 

iron with a very fine tip; ~oIJ'II be working with 
extremely small components. [If you've never worked 
with such small components, in such tightly confined 
space, you may want to practice first. - Ed.] 

Begin by disassembling the battery pack and 
antenna from the transceiver. Then remove the bat- 
tery mounting plate and loclting lever assembly. 
Unfasten the five screws holding the metal back cover 
to the rig and take off the cover, using care not to 
damage the "0" rings that seal the back cover to the 
rest of the case. (On the IC-04 only: remove the large 
metal shield covering the PLL circuitry.) Now sepa- 
rate the chassis and top section and place them next 
to the front case; note the ribbon cable connecting 
the chassis to the front section. Undo the two screws 
on the DTMFICTCSS board arid set the board off to 
the other side of the front case (132AT/O4AT only). The 
unit is now ready for modification. 

- 
By Robert K. Morrow, Jr., WBGGTM, R R  1, 
Box 6F, Flora, Indiana 46929 
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initialization matrix 
The microprocessor board is identical in the IC-02 

and IC-04 except for the diodes attached to the initiali- 
zation matrix area located at the top left corner of the 
board (fig. 3). We'll be working with the portion of 
the matrix connecting microprocessor lines R10-R13 
to R20 and R21. 

ICOM uses very small three-pin chip diodes - type 
A3, D3, or E3 (indicated on the diode itself) - to pro- 

-- 

-- 

Fig. 3, Initialization diodes can be located at positions Dl-D4, 
whicharefoundatthetop leftcornerof themicroprocessorcir- 
cuit board. The factory diodesaresurface mounted on thetri- 
angularpadsatD2and D3fortheIC42,andat D l  andD2forthe 
IC-04. The IC-02 is modified by simply removing the diode at 
position D2. To modify the IC-04. removethediodeat position 
D2 and replace it with a 1N914-type connected from the top pad 
(anode) to  the lower right pad (cathode). 

810 @,, P I 2  P I ,  

I:: DIOl 8 

T Y P E  AJ T ~ P E  D J  ~ Y P C  EJ 

fig. 4. These chip diodes are used t o  initialize the 
microprocessor on the IC-02/04. Type A3, D3. E3, or no 
diodeat all wi l l  be foundat various points in theinitializa- 
tion matrix. 

fig. 1.lnitializationmatrixforthefactoryIC-02. Removing 
0402. which isa type D3locatedat position D2infig. 3, will 
remove the upper receive frequency limit of the rig. 

om 411 I I 2  P I ,  

! 1 I 

fig. 5. The IC-02 is shown completely reassembled except for 
the back panel. The test clip is connected to the VCO test 
point, which is the only vertically mounted resistor in  the area 
with a bare upper lead. The arrow on the VCO shield points 
to  the coil which should be adjusted for 0.75 VDC at the test 
point. 

1 

* P l  '+ D.01 
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fig.2.lnltlalizationmatrixforthefactoryIC-04. Removing 
D402and connecting8 1N914-typesilicon diode between 
R11 (anode) and R20 (cathode) will remove the upper 
receive frequency limit of the rig. 

0402 

~ -- 4 - -  I 2 .  

0407  

I 

+' 
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fig.6. Graphof sensitivityvsfrequency fortheIC-02. S1 is 
also called thesquelch sensitivity. and can be considered 
the minimum useablesignal level. S5isthesignal level re- 
quired toactivatefivepairsof LCD barson thetransceiver 
S-meter. 

I 

gram the initialization matrix; in this way component 
count and size are minimized (fig. 4). Do not confuse 
diode types with their locations, (D l ,  D2, D3, D4) 
printed directly on the microprocessor circuit board. 
These locations are labeled D401, D402, D403, and 
D404 on the ICOM schematic, but only for the diodes 
which are actually present. 

IC-02 modification 
The IC-02 is factory-wired with a type D3 diode at 

position D2 and a type E3 diode at position D3. The 
diode at position D2 restricts the receiver to the 140- 
151.995 MHz range. Remove this diode with care. 

Now reassemble the IC-02, but leave the back cover 
off. Connect a high-impedance voltmeter to the VCO 
test point shown in fig. 5, attach the battery pack, 
and turn on the rig. Select 144.0 MHz from the key- 
board." 

Adjust the coil in the VCO shield (lower hole) for 
a reading of 0.75 VDC. Be sure to use a properly fit- 
ting plastic alignment tool (or try whittling down a 
standaid one with a razor blade). This alignment 
procedure maximizes the receive frequency range by 
setting the VCO near its lower voltage limit at the 
lowest transceive frequency desired. The receiver will 
now operate from slightly below 140 MHz to slightly 
above 163 MHz, and the transmitter will generate a 
clean signal throughout the 2-meter band. Figure 6 
shows receiver sensitivity for the entire VCO range. 
Now reinstall the back cover. 

IC-04 modification 
The IC-04 is factory-wired with a type E3 diode at 

position D l  and a type A3 diode at position D2. Care- 
fully remove the diode at position D2 and replace it 
with a 1 N914-type silicon diode connected from the 
top pad at D2 (anode) to the bottom right pad at D2 
(cathode). This removes the receive limit portion of 
the matrix but still initializes the processor at 440 MHz. 

fig. 7. The IC-04 is shown completely reassembled except for 
the back panel and shield, and the metal tape has been 
removed from the VCO can. The test clip is connected to the 
VCO test point which. like the IC-02. is the only vertically 
mounted resistor in the area with a bare upper lead. The arrow 
on the VCO shield points to the variable capacitor which 
should be adjusted for 0.25 VDC at the test point. 

Now reassemble the IC-04 except for the installa- 
tion of the PLL shield and back cover. Carefully peel 
away the metal tape covering the VCO shield. Con- 
nect a high-impedance voltmeter to the VCO test point 
shown in fig. 7. Anach batterypack, turnonthe rig, and 
select440.0 MHz from the keyboard."" 

Adjust the capacitor through the lower right hole 
in the VCO shield for a reading of 0.25 VDC. This sets 

< roo 7 ""1 

the VCO at its lower limit to maximize receiver cover- 
'Tlur modlf6catoon ~sfor un~tsmth r r l a l  nummrshplow 34,000 Untts wllhsertal 

U * 30-  

to-. 

J - -  

I . .  

0 3.. 

0 I - -  

0.03,  

numben above 34.000 have a new CPU with diffnrenl programming; diode 
matrix isalso different. --Ed. 
"If thedisplay should power-up in the wrong 10-MHz band segment, follow 
theprocedureunder "operation" toput therlg In the proper 10 MHzsegmenl. 
or press reset button on main chassis. 
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fig.8. Graphofsensitivity vsfrequency fortheIC-04. Due 
to the higher frequencies used, the IC-04 receive band- 
width is much greater than that of the IC-02. 
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age above the 70-cm band. Note that this voltage is 
lower than the voltage for the IC-02; this is because 
of a smaller negative VCO shift in the IC-04 when 
transmitting. The IC-04 receiver will now operate from 
slightly below 440 MHz to slightly above466 MHz, and 
the transmitter will operate cleanly throughout the 
upper half of the 70-cm band. (Figure 8 shows 
receiver sensitivity for the entire VCO range.) Now 
reinstall the VCO metal tape, PLL shield, and back 
cover. 

operation 
With the modification completed, normal trans- 

mittreceive capability of the IC-02 and IC-04 is 
unaffected. Within a particular 10-MHz band segment, 
the frequency may be selected by direct keyboard 
entry or by using the step-up or step-down keys. To 
change to a different 10-MHz segment, use the step- 
up or step-down keys after entering the highest or 
lowest frequency within the present band segment. 
Any frequency entered will store properly in memory. 
If you select a receive frequency outside the VCO limits 
the PLL will unlock; no indication of this condition will 
be given on the display. However, if you push the 
transmit switch with an unlocked PLL, the display will 
blink. 

conclusion 
This simple modification increases the versatility of 

the IC-02/04 without affecting normal operation. 
Incidentally, the display and microprocessor will 

support initialization to the 23-cm (1260-1300 MHz) 
band. Is this an indication of things to come? 

I'll be happy to answer any questions; please 
enclose an SASE for a prompt reply. 

ham radio 
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microwave and 
millimeter-wave 
propagation: 
part 1 
Summer is traditionally the time 
when Amateurs take to the higher 
bands (and to the hills) for mountain- 
topping; the weather is agreeable, and 
the pioneering spirit is spurred on by 
several major VHFIUHF contests. 

Regardless of season, the frequen- 
cies above 900 MHz are still the region 
of exploration and discovery. This is 
true because, in comparison with the 
HF/VHF frequencies, so little Amateur 
work has been conducted there. Until 
recently, equipment was scarce and 
anyone interested in exploring micro- 
wave frequencies had to "roll their 
own" equipment. 

But this is is changing rapidly. Com- 
mercial gear is now available through 
13 cm (2320 MHz), as are Amateur 
Gunnplexers for the 3-cm (10-GHz) 
and 12.5-mm (24-GHz) bands.' One 
equipment manufacturer is rumored to 
have 3-cm weak signal gear almost 
ready for market! 

Although much has been written on 
VHF and UHF propagation, informa- 
tion on microwave and millimeter 
propagation is scattered hither and 
y ~ n . ~ , ~  With all the interest in the 
microwave bands, the addition of our 
newest band at 33 cm (902-928 MHzI4 
and the increased availability of micro- 
wave gear, this seems like a good time 
to start pushing these bands and 
promoting propagation research. 

our microwave bands 
Before we can talk about our micro- 

wave and millimeter bands we have to 
know what frequencies are available. 
I guess it's fair to say that - in Ama- 
teur terminology - the frequencies 
between 900 and 10,500 MHz are 
probably best referred to as the micro- 
wave bands while the Amateur fre- 
quencies above 10.5 GHz are really in 
the millimeter territory. 

The major worldwide Amateur fre- 
quency allocations on and above 33 
cm were listed in last January's 
~ o l u m n . ~  Since that time, the FCC has 
implemented the WARC '79 frequen- 
cies and changed the United States 
frequency allocations significantly. 
Therefore, I've updated last winter's 
list, (table I ) ,  to show the latest USA 
frequency allocations. (I don't have 
any post-WARC '79 worldwide fre- 
quency allocation lists to compare it to 
at this time; I'd appreciate it if readers 
would share some with me.) 

challenges 
Once microwave and millimeter gear 

is constructed or purchased, there's al- 
ways the question of what to do with 
it. Obviously it can be used in a varie- 
ty of ways such as communications 
links, ATV, repeaters, or beacons. 
However, the real challenge is to see 
what performance can be attained 
primarily by DXing. This will truly ex- 
ercise power, receiver sensitivity, and 
antenna gain to their fullest. 

To show the whole perspective of 
the possibilities of DX on the micro- 
wave and millimeter bands, I've updat- 
ed the records first shown here in last 
July's ~ o l u m n . ~  Tables 2 and 3 show 
the worldwide claimed DX records for 
terrestrial and EME operation. Note 

that the 13-cm band is still the upper 
frequency for a completed EME QSO. 

In keeping with the spirit of region- 
al DX, the North American DX records 
have also been updated in table 4. 
You'll note that since these records 
were first published, several have been 
broken. 

Because the 33-cm band didn't even 
exist last summer, the DX record on 
that band can't begin to compare with 
the adjacent bands. I expect this, too, 
will rapidly change. Nevertheless, it 
offers a big challenge to see what kind 
of propagation is in store. 

Amateur 33-cm gear is already com- 
mercially available, though it's primar- 
ily limited to the FM citizens-band 
type. Information on homebrew gear 
was recently published in this column4; 
commercial weak-signal gear is, as I in- 
dicated above, reportedly just around 
the corner. Because of the 33-cm 
band's proximity to the land mobile 
communications band, suitable com- 
ponents - especially high-power 
transmitting tubes - should become 
available; far more equipment, certain- 
ly, than can be expected to be avail- 
able for the 23-cm band. 

microwave and millimeter 
tradeoffs 

These bands offer many advantages 
over the VHF/UHF bands. First, 
there's over 13,000 Megahertz - not 
counting the unlimited territory above 
300 GHz. This is more than 275 times 
the bandwidth of all of the dozen 
lower-frequency bands combined! 
How long do you think it will be be- 
fore microwave and millimeter wave 
QRM will be a problem? 

These bands have very little noise 
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and static. Except for a small poten- 
tial for VCR1 around 915 MHz, TVI and 
RFI are virtually nonexistent. Very 
compact antennas are the norm, with 
a 1 -meter diameter dish considered a 
moderate to large antenna, especially 
on 3 cm and above. 

Loop Yagis are often used on the 
lower microwave bands. Parabolic 
dishes are the most common antenna 
type as the frequency increases be- 
cause they're usually inexpensive, easy 
to feed, low in noise pickup, and have 
high As a result, QRP opera- 
tion (often much less than 1 watt) can 
be very productive. 

There are a few disadvantages, 
however, to operating on the micro- 
wave and millimeter wave bands. The 
higher antenna gain makes precise aim 
a serious concern. For example, a 
1-meter parabolic dish antenna at 12 
mm (24 GHz) has a 45-dBi gain and a 
beamwidth of only 1 degree! 

Other problems are associated with 
operating above the UHF bands. Solid- 
state RF power generation is in the 
early developmental stages. Feedline 
losses are considerable, propagation 
modes are somewhat limited, and foli- 
age attenuation and water vapor can 
also present difficulties. 

Table 1: This table lists the latest USA frequency allocations for Amateur microwave 
and millimeter wave bands. Many o f  the listings were recently changed, as indicated 
i n  the notes. 

Band Frequencies Notes 
33 cm 902-928 MHz Restrictions in CO, WY, White Sands, NM 8 

Region Ill areas. Available as of Sept. 28, 1985. 

23 cm 1240-1300 MHz 1215-1240 MHz removed on March 1. 1986. 

13 cm 2300-231 0, 2310-2390 MHz removed on November 6, 1984. 
2390-2450 MHz 

9 cm 3300-3500 M HZ 

6 cm 5650-5925 MHz 

3 cm 10-10.5 GHz 

12 rnm 24-24.25 GHz 

6 rnm 47-47.2 GHz 48-50 GHz removed on March 1, 1986. 

4 mm 76-81 GHz 71-75.5 GHz removed on March 1, 1986. 

3 mm 119.98-120.02 GHz New assignment on March 1, 1986. 

2 mm 142-149 GHz 165-170 GHz removed on March 1, 1986. 

1 mm 300 GHz & up 240-250 GHz removed on March 1, 1986. 

Table 2: This table shows the latest claimed worldwide microwave and millimeter wave 
terrestrial DX records. 

Frequency Record Holder Date of QSO Prop. Mode DX Miles(km1 
903 MHz AFlT-WBlFKF 1-13-86 Tropo 5385) 

1296 MHz KH6HME-N6CA 6-24-86 Tropo duct 2472(3977) 

2.3 GHz VK5QR-VK6WGIP 2-17-78 Tropo duct 1170(18831 
3.4 GHz VK5QR-VK6WG 1-25-86 ducting 1171(1884) 

5.7 GHz G3ZEZ-SM6HYG 7-12-83 ducting 610(981) 

10 GHz I0SNY IEA9- 7-08-83 ducting 1032( 1660) 
I0YLIlIE9 

24 GHz 13SOY/3, 4-25-83 LOS 180(289) 
IW3EHQI3 - 
14BERl6, 
14CHYl6 

47 GHz HB9AMHIP- 6-11-84 LOS 33(53) 
HB9MINIP 

474 THz K6MEP-WA6EJO 6-09-79 LOS 15124) 

There is hope, however. Solid-state 
RF power is rapidly increasing, with 
power GaAs FETs (up to several watts) 
now in commercial production. Short 
feedlines are the norm, with transmit- 
ters and receivers often mounted right 
at or only a short distance away from 
the antenna feed. And many of the ap- 
parent propagation problems can be 
solved, as we'll see shortly. 

microwave propagation 
The types of propagation modes 

available on the microwave and mil- 
limeter wave bands are more limited 
than on the VHFIUHF bands. Some 
of the lower- frequency propagation 
modes such as meteor scatter, sporad- 
ic E, F2, TE, and FAI, for example, are 
not u ~ a b l e . ~ , ~  Other exciting scatter 
propagation modes are available, how- 
ever, that may be either poor or sim- 
ply not feasible on the VHFIUHF 
bands. 

The most common microwave prop- 
agation modes are line-of-sight (LOS), 
tropospheric bending, tropospheric 
ducting, and EIME. Less used but read- 
ily accessible are various scatter modes 
using the troposphere, weather-related 
phenomena such as lightning and rain 
scatter, aurora, and both man-made 
and natural objects. 

Because describing the various 
microwave and millimeter wave propa- 
gation modes and how they can best 
be exploited would take considerable 
space, only LOS microwave and mil- 
limeter-wave propagation will be dis- 
cussed this month. The other modes 
will be discussed in detail in next 
month's column. 

line-of-sight propagation 
The most common mode of propa- 

gation on the microwave and mil- 
limeter wave frequencies is probably 
LOS, for apparently obvious reasons. 
If two stations' antennas can see each 
other without intermediate obstruc- 
tions, it is assumed that communica- 
tion is possible. 

This does, however, assume sever- 
al things. First, there must be sufficient 
transmitter power and receiver sensi- 
tivity for corr~munication to take place. 
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cient. And third, the weather must be 
cooperative. (More on this next 
month. 1 

But what is sufficient power, sensi- 
tivity, and antenna gain? These 
parameters are all interrelated. If suffi- 
cient RF power - say 100 to 1500 
watts - is available, the effective radi- 
ated power, even from a low-gain an- 
tenna (less than 10 dBi) will be high. 

Conversely, if transmitter power is 
low, even in the milliwatt range, com- 
munication is also possible, providing 
that the gain of the antennas at both 
ends of the path is sufficient and that 
the receiver has sufficient sensitivity. 
These tradeoffs will be addressed in a 
future column. This month's column 
will be limited to a discussion of "path 
loss," the apparent number of dBs of 
attenuation that a transmitted signal 
will incur between two isotropic anten- 
nas. This is the standard method used 
in the communications industry to de- 
termine whether there will be a high 
probability that communciations is 
possible between two stations. 

Second, the gain of the antenna at 

path loss 
What is path loss and how is it 

determined? We all know that as you 
go higher in frequency, losses become 
more critical. We also hear that the 
path losses increase. Yet at the same 
time, we hear about tremendous DX 
accomplishments on the microwave 
frequencies, using low power and rela- 
tively small antennas. How can this 
be? 

The main reason for this is the 
"wavelength factor." As you go higher 
in frequency, the size of a half- 
wavelength dipole antenna becomes 
smaller. Therefore its "capture area" 
becomes smallera and it consequently 
picks up less RF. For example, the "ef- 
fective aperture" of a half-wavelength 
dipole is approximately 0.75 by 0.25 
 wavelength^.^ At 33 cm this represents 
a capture area of about 32 square 
inches (0.21 square meters). However, 
at3 cm (10 GHz) the effectiveaperture 
is still 0.1875 square  wavelength^,^ but 
because of the shorter wavelength, the 

both ends of the path must be suffi- 
Frequency Record Holder Date of QSO Prop. Mode DX Miles(km) 

903 MHz None reported. 

1296 MHz PA0SSB-ZL3AAD 6-13-83 EME 1 15951 18656) 

2304 MHz PA0SSB-WGYFK 4-05-81 EME 5491 (8836) 
3300 MHz none reported. 
and above 

Table 3: This table shows the latest claimed worldwide microwave EME DX records. 

Table 4: This table shows the latest claimed North American microwave and millimeter 
wave DX records listed by suspected propagation modes. Note that most of these 
records are far short of the worldwide claims and therefore offer a great challenge 
to North American Amateurs. (Note: the records are listed alphabetically by propaga- 
tion mode. Where the path is mostly over water, ducting is suspected. No efforts are 
made to separate out ducting on overland paths, so it's grouped under tropo.) 

Frequency Record Holder Date Prop.Mode DX Miles(km1 
903 MHz AF1T.WBIFKF 1-13-86 Tropo 53 (85) 

1296 MHz KH6HME-N6CA 6-24-84 Ducting 2472 (3977) 
K2UYH-VK5MC 12-06-81 EME 10,562(16,995) 
W4WSR-WA5TKU 6-03-85 Trope 1112 (1790) 

2.3 GHz PA0SSB-WGYFK 4-05-81 EME 5491 (8836) 
W40DW-WB5LUA 2-20-86 Tropo 624 (1003) 

3.4 GHz K6HIJ/6-W61FE/6 648-70 LOS 214 (344) 
5.6 GHz K5FUD-K5PJR 9-20-77 Tropo, 267 (430) 

10 GHz WA4GHKI4-WD4NGG 8-07-84 Ducting 297 (478) 
WJJIP/7-WLHLI7 7-31-60 LOS 265 (426) 

24 GHz KX00/0, W0MXY 10- 8-24-85 LOS 74 (119) 
NK0P10, WA0VSLI0 

48 GHz W2SZ/ 1-WA2AAUI1 9-08-84 LOS 0.3 (0.5) 
50-300 GHz None reported. 

474 THz K6MEP-WAGEJO 6-09-79 LOS 15 (24) 

capture area is reduced to0.2612square There are straightforward formulas for 
inches (0.00017 square meters), a this. The most common one is: 
reduction of over 120 times. 

PathIoss=37.ti+2OlogF+20logR (eq 1) 
It's said that the answer to this 

dilemma is simple: just increase the 
capture area of the antenna commen- 
surately and you'll gain back what you 
lost because of the wavelength factor. 
This is only partially true. Antenna gain 
is usually a two-way street, receiving 
and transmitting (if the same antenna 
is used for both). Hence, if the anten- 
na size is increased to offset the cap- 
ture area loss, you gain considerable 
advantage, depending on frequency. 

Herein lies the secret of successful 
use of low power on the microwave 
and millimeter frequencies. If the an- 
tenna gains is increased sufficiently, 
the overall signal-to-noise ratio can 
actually increase for the same trans- 
mitter power and receiver sensitivity. 

How is the path loss determined? 

where path lass is in dB referenced to 
an isotropic radiator (2.15 dB less gain 
than a dipole), F is frequency in MHz, 
and R is range in miles. 

If you prefer to work in kilometers, 
the formula can be modified as fol- 
lows: 

Path loss = 33.6 + 20 log F +  20 log R (eq 2) 

where path loss is in dB referenced to 
an isotropic radiator, F is frequency in 
MHz, and R is range in kilometers. 

For example, the path loss for 10 
miles is approximately 116.7 dB at 903 
MHz and 137.6 dB at 10 GHz. If the 
range is increased to 20 miles, the path 
loss is 122.7 and 143.6 dB, respective- 
ly. You'll note that every time the fre- 
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fig. 1. This graph was derived using equations 1 and 2. It shows path loss versus fre- 
quency of operation and range between two stations. This assumes that there is a 
line-of-sight path and no obstructions or weather phenomena are preseht. 

quency or range is doubled, the path 
loss increases by 6 dB. 

Calculations of path loss are often 
computer-aided.s For those not so in- 
clined, I've prepared fig. 1, which 
shows at a glance the path loss on 
each of the microwave and lower mil- 
limeter Amateur bands. 

summary 

This month's column served as an 
introduction to radio propagation on 
the microwave and millimeter wave 
Amateur bands. FCC frequency allo- 
cations and DX records were also 
shown. The latter will quickly reveal 
the challenges available to the adven- 
turesome Amateur. 

Time and space allowed us to inves- 
tigate only line-of-sight propagation, 
presently the most common use of 
these bands. Next month's column will 
explore the other modes of propaga- 
tion, with particular emphasis on those 
useful for DXing. A review of refer- 
ences 2 and 3 is strongly recom- 
mended. 

references 
1. Joe Reisert, WIJR, "VHFIUHF World: VHFIUHF 
Exciters," ham radio, April, 1984, page 84. 
2. Joe Reisen, WlJR, "VHFIUHF World: The 
VHFIUHF Primer - An Introduction to Propagation." 
ham radio, July. 1984, page 14. 
3. Joe Reisert, W1JR. "VHFIUHF World: Propagation 
Update." ham radio. July, 1985, page 86. 
4. Joe Reisen. WIJR, "VHFJUHF World: 33 cm - 
Our Newest Band," ham radio, April. 1986, page 83. 
5. Joe Reisert, WlJR, "VHFIUHF World: Amateur 
Microwave Bands," ham radio. January, 1986, page 
44. 
6. Joe Reisert, WlJR, "VHF/UHF World: Reflector 
Antennas - Part 1." ham radio, February, 1986, page 
51. 
7. Joe Reisen. WIJR, "VHFIUHF World: Reflector 
Antennas - Pan 2." ham radio. March, 1986, page 68. 

Important VHFIUHF Events 
July  2: f 2 weeks. Look for European 

openings on 6 meters. 
July  18-20: CQ VHF WPX contest. 
July  19: EME perigee 
July  20: Look for 2-meter sporadic E 

f 2 weeks of this date. 
Ju ly  25-27: Central States VHF Confer- 

ence, St. Louis, MO (contact 
N0lSI. 

July  29: Predicted peak of the Delta 
Aquarids meteor shower at 
0930 UTC. 

August  2-3: ARRL UHF Contest. 

August 12: Preolicted peak of the Perseids 
meteor shower at 0700 UTC. 

August 16: EME perigee 
August 28-31 : Microwave Update 1986 Con- 

ference, Estes Park, CO Icon- 
tact W0PWI. 

ham radio 

short circuits 
meteor shower program 

In a footnote to  WlJR's  June 
column, "VHFIUHF World: Meteor 
Scatter Cornmi~nications" (page 681, 
the address of Gary Field, WA1 GRC, 
was shown incorrectly. Gary's correct 
address is 5 Pluff Avenue, North Read- 
ing, Massachusetts 01864. 

solving transmission 
line problems on the 
C-64 

Gary Myers, KgCZB, author of 
"Solving Transmission Line Problems 
on the Commodore 64" (May, 1986, 
page 741, recently learned that some 
of the older C64s have an operating 
system that doesn't poke the graphic 
symbol in lines 180-240 properly. On 
these machines, the arrow symbol is 
generated in the same color as the 
background, thus rendering it invisible. 
This won't affect the program's oper- 
ation, but there will be no visual con- 
firmation that the desired key was 
pressed. 

Gary reports that WB9PGO has de- 
vised a program modification that will 
make the symbol visible on these 
machines. Those who don't see the 
graphic arrow after selecting the trans- 
mission line type should change line 
20 to read as follows: 
20 
POKE53281,14:PRINTCHRS(147~: 
POKE53281,6i 
and change the last statement in line 
670, which currently reads GOT070, 
to GOT020. 

credit where it's due 
Credit lines were inadvertently omit- 

ted from the art in Walter Kunde's 
June article, "Direct Currents Reduce 
Core Permeability" (page 58). All 
figures appeared courtesy of Magnet- 
ics, Inc., P.O. Box 391, Butler, Penn- 
sylvania 16003. 
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a tone burst generator 
for European repeaters 

Use 71 68 kHz crystals, 
divided down output 

for 1750 Hz output 

Before a recent t r ip  t o  Europe, I received licenses 
to operate and decided to take my ICOM 2AT along 
with me. While searching through Radio Cornrnuni- 
cation and other journals to find information on repeat- 
ers, I noticed that most European repeaters must be 
brought up with a 1750 Hz tone. Obviously my 2AT 
could not do this. 

Looking through the ads, I noticed that ICOM makes 
a European version of the 2AT called the ICOM 2E. 
Besides,offering coverage from 144 to 145 MHz only, 
this model appeared to employ either a switch- 
operated 1750 Hz tone or a 1750 burst at the begin- 
ning of each transmission. A phone call to ICOM con- 
firmed this. I considered converting my 2AT to a 2E 
. . . but the touchtone pad on the 2AT is located where 
the burst components would have to be and uses 
several tracks on the circuit board for different func- 
tions. In addition, the tone switch on the 2AT is a 
push-button switch activated by pushing the volume 
control; one look into the possibility of removing that 
control eliminated that idea. I concluded that while 
conversion would be possible, it wouldn't be reasona- 
ble to make the conversion, use the unit abroad, and 
then reconvert it when I returned home. 

My initial thought was to use a 555 timer. But I 
wasn't sure it would survive the trip and still make the 
25 Hz frequency tolerance required. Without test 
equipment, I would be unable to make any repairs 
while in Europe. 

The ICOM service manual for the 2AT showed that 
the tone burst circutry consisted of a single integrat- 
ed circuit, a crystal, and several discrete components. 
The integrated circuit, which functions as an oscilla- 
torldivider, was a TC5082 packaged in a 9-pin sin!gle- 
in-line package with an SK3733 indicated as its 
replacement. A quick phone call showed the device, 
also known as an ECGI 197, was available locally for 

under $10.00. It contains a crystal oscillator and divide- 
by-256, 1024,2048, and 4096 and is often used in CB 

i 

SK3733 

- 

radios as a reference oscillator for the PLL. 
The final circuit, shown in fig. 1, is almost identical 

to the ICOM burst generator. A 7168-kHz crystal was 
used so the divide-by-4096 output would be 1750 Hz. 
The output was capacitively coupled to the external 
microphone jack of the 2AT. Since the 2AT requries 
DC continuity for transmit, the PTT bar on the side 
had to be pushed for transmit. 

Construction was on a small piece of 3-pad-per-hole 
board. The chip is CMOS, so standard CMOS handling 
procedures - i.e., using a grounded soldering iron, 
inserting the chip last, etc. - were used. The case, 
recycled from an old GE pager, had enough room for 
the circuit and a 9-volt battery. The press-to-silence 
switch already on the case was used to activate the 
burst. A short audio cable coupled the two units. 

Tuneup was easy. I just asked a friend to listen to 
my simplex signal and report on its loudness. I adjusted 
the pot until the level was approximately the same as 
my voice or the touchtone pad. 

Coupling to another rig should be simple. Since 
most HTs have external microphone jacks, that should 
be the way to go. One could build an adapter to ena- 
ble this unit and the external microphone to be used 
simultaneously. 

ham radio 

By Ladimer S. Nagurney, WA3EEC, 73 Black- 
berry Lane, Amherst, Massachusetts 01002 

4 
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3 1 
TO EXTERNAL MIKE 

INPUT OF RADIO 

I=" - )+o 716.91~1 

i4 115 * 0.1 

I- v 
fig. 1. Tone generator produces 1750 Hz output starting 
with 7168 kHz crystal frequency. 
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at 1950 NW 94th Avenue in Miami 
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Figure 1 provides a graphic repre- 
sentation of the effects of the Febru- 
ary 1986 ionospheric disturbance. The 
top curve (f ig. lA) is the percentage 
change in foF2; the middle curve (fig. 

DX 
1B) is the solar flux value; the lower 
curve (fig. 1C) is the geomagnetic A 
index for each day during February. By 
looking at each day individually and FOR ECAS1-E R then reading across the days, one can 
see the storm variation. To see how 

Garth Stonehocker, K0RYW the storm actually developed from 
February 5th to the loth, see table 1, 

a geomagnetic- 
ionospheric 
disturbance 
Because the ful l  effects of solar 
flares and storms will be upon us again 
in a year or so, a brief review of the 
solar flare-to-ionospheric storm se- 
quence may be beneficial, particularly 
for those who've joined the DXing 
ranks since 1982. 

Several years have passed since the 
sun has been active enough to cause 
concern over the weak signals result- 
ing from geomagnetic-ionosopheric 
disturbances in any great number or in- 
tensity. Although one or two distur- 
bances a year have been of the 
geomagnetic-ionospheric variety, most 
of those we've experienced during the 
last four years have been mild solar 
wind enhancements. However, single 
events - such as that witnessed from 
the 5th through the 10th of February, 
1986 - do occur unexpectedly. 

When a sunspot region flares or 
brightens, ultraviolet and x-rays cause 
increased ionization in the D and E 
regions of the ionosphere. Signals are 
immediately weakened on the daylight 
side of the earth. This sudden iono- 
spheric disturbance lasts about an 

mately one to five hours, causing po- 
lar cap absorption - even blackout - 
of signals crossing the top and bottom 
of the earth above 80 degrees latitude 
during each period of daylight for a 
couple of days. The more numerous, 
but slower, electrons arrive within 20 
to 30 hours; their arrival often causes 
a shock wave which suddenly begins 
to move the geomagnetic field around, 
then lasts for two to three days. This 
phenomenon is called SC, or "sudden 
commencement." The presence of 
many particles results in further 
weakening and level fluctuation of sig- 
nals as a result of movement in the 
auroral zone (70 to80 degrees latitude). 

The ionospheric F region is affect- 
ed after the SC, first by an increase in 
maximum usable frequency (MUF) for 
a few hours over the transmission path 
that's in sunlight. Over the path that's 

Table 1. Percentage of MUF change and geomagnetic K figure (in parentheses) 
associated with 2-hour period. 

Date 1300 UT 1500 1700 1900 2100 

5 5.9(1) O.O( 1 I 6.3(2) 0.0(2) 0.0(2) 
6 9.8(1)SC 1313 5.3(3) 7.9(3) 22.6(2) 5.1(3) 
7 SC 0500 3.9151 - 8.8(5) 7.9(6) 11.4(61 - 11.9(7) 
8 - 19.6(7) - 38.6(8) - 20.6(8) - 32.3(9) - 25.7(9) 
9 - 19.6(4) - 5.3(4) - 15.9(5) -6.5(5) 3.4(3) 
10 -11.8(1) - 8.8(1) - 14.3(11 -8.1(3) - 5.1(3) 

Median foF2 5.1 5.7 6.3 6.2 5.9 

which shows the percentage of 
foF2-MUF change, and in parenthesis 
the geomagnetic K figure associated 
with that 2-hour period. The median 
foF2 for that hour of the month is in- 
dicated in the bottom line of the table. 

The storm MUF decrease was prob- 
ably not as extreme as the geomagnet- 
ic field A and K figures indicate 
because the solar flux was high and 
the initial SC 1313 UT was coincident 
with sunrise, the foF2 rise of the day. 
A second SC was on the 7th at about 
0500 UT; the main decrease in 
foF2-MUF began about 1100 UT with 
the large K figures. The 8th, which was 
a Saturday, was particularly bad, as 
anyone trying to communicate over 
any significant distance will remember. 
Several days later MUFs returned to 
normal. Such is the morphology of a 
geomagnetic-ionospheric disturbance. 

T 

hour. With the eruption of the flare, in darkness, the MUF decreases from 
many solar particles (protons and elec- the auroral latitudes southward, de- last-minute forecast 
trons) ejected into the solar wind start pending upon the intensity of the The higher frequency bands, 10 
toward the earth along a spiral path to- storm. (See the MUF distribution ta- through 20 meters, are expected to im- 
ward the polar regions. The higher- bles in the January and February, prove during the first week of the 
energy protons arrive within approxi- 1986, columns.) month. They should be best during the 
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second and third weeks, when the so- 
lar flux 27-day maximum is expected. 
Though still not very good, the lower 
bands will be best during the fourth 
and last weeks of the month. Distur- 
bances are more probable on the 3rd 
to the 4th, the 17th to the 18th, and 
on the 23rd through the 25th during 
the solar flux transition and minimum 
time periods. Lunar perigee (closest 
approach of the moon) is on the 19th, 
with a full moon occurring on the 28th. 
The Aquarids meteor shower begins 
July 18, peaks on the 28th, and lasts 
until August 7. The radio-echo rate at 
maximum is expected to be about 34 
per hour. 

2 

band-by-band summary 

30 
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9 0 
'? 
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-10 

-20 

-30 

Six meters will have occasional 
openings to South Africa and South 
America around local noon via Es 
short skip. These can occur at any time 
of the month and favor a five-to-six 
day cycle. 

Ten and fifteen meters will have 
many short-skip openings near local 
noontime and long-skip, especially 
during any solar flux rise, to most 
southern areas of the world during 
daylight. No long-hop transequatorial 
openings are expected to occur at this 
time of the year. 

Twenty, thirty, and forty meters will 
have DX conditions from most areas 
of the world during the daytime and 
into the evening almost every day, ei- 
ther long-skip to 2500 miles per hop or 
short-skip E, to 1000-mile hops. The 
length of daylight is still near maxi- 
mum, providing many hours of high 
maximum usable frequencies for good 
DXing . 

Thirty, forty, eighty and one-sixty 
meters are all good for nighttime DX 
if you can beat the buildup of thunder- 
storm ORN in the evenings. Some en- 
hanced signal strength levels via 
short-skip E, may help overcome the 
noise. Some operators get up during 
the predawn hours, after the thunder- 
storms have dissipated, taking advan- 
tage of quieter conditions to the east. 
Time-and-frequency station MSF, in 
Rugby, England, can be used to mon- 
itor 2.5 and 5 MHz for band conditions. 

U 

t 
I -----C------l 

5 I0 15 20 25 
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5 10 15 20 25 

FEBRUARY 

fig. 1. Pronounced effect of solar flare on: (A) MUF (percent- 
age change in MUF); (B) solar flux; and (C) geomagnetic field 
"A" index. 
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The italicized numbers slgn~ty the bands lo try durlng the transition and early morning hours, whde the standard type provides MUF dur~ng "normal" hours. 

*Look at next higher band for possible openings. 
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S WL's: Are You Plagued By F F O l  

Meet the Eliminator. 
Don't let itssmall dimensions (4"x3"x2") fool you-the Grove 

Minituner Ill i s  a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector i s  designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free Upsshipping; $5 U.S. MaiI/Parcel Post). Order TUN-3. 

Grove Enterprises 
140 Dog Branch Road MC, Visa or COD call: 

Brasstown, N.C. 28902 1-800-438-81 55 

Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 

boosting accessories and literature. 
Call (704) 837-9200 or write to above addrets for free catalog! 

Choos . ..-... L .  

17 Chapters including: 
ing a TNC * Packet protocol for the beginnel 2 t  Accessories 

r now lo make your first packet contact * Packet Uulleu11 ~ ~ r d  O~erations 

Also avail, , . 
us $2.50 for first class shipping and hanc lling in U.: 

t $15.95 
- -~ P O ,  

able The Commodore Ham's Cornpanim 
n 3042 {see January '86 QST page 47 or February '86 CQ page oor ,;-. . ,,,1, is,,,. 1,. 

and CommandPost $9.95. p u . i i , w l " O  62708 

S. and Can 

m 

2U5LY 45 el loop Yagn 1269 MHI 20 + OH8 SH 
l Y 5 L Y  45 el loop Yaql 2304 MH? 20+ dR8 S i  
3333LY 33 el loop Yngl 902 MHz 18 5 4111 58 
alilivr antennas are assembled an0 teslrd 
All alurnlnurn and stainless constluct,on Klb also avallabk 
Alld IS ($1 1 west ot Rncktesl per antenna lor UPS ShlpplnQ 

2 6 4 w power dlvldsn oomplele rnayt m l l a b l e  
2 3 1 6 ~ a ~ n e a r  Amp iw , ~ I B ~ O U I  1296MHz 13 5vs245 
2335 PA Ltnear Amp 10w In 36w nul 1296 MHz 13 5 V $295 
1r11.1lid~ 55 lor UPS Blue - 48 rlales 

Wttl? about Htghec Power. 2304 hears, GaAS Fet preamps 

y o u  wrru C U R L Y C 0 D I I  1.: 

e r n  r x r i r i n .  sru ~ a a r n i n r  .xp.rt.nce: 
s ~.ch rode  RHYTHM 8ro.a a n  ' u n f o r ~ . c r . b l e '  

1 c f I . r  6HAPL I n  your m t n d ' .  my.. . Carh sound ADDS ( 0  I h .  s r o r l n l  1.lt.r .hapa. . lo . I 1  RHYTHM3 t h a t  .Car l  I h m  ..ma r a y  
I r 0 r  I H A l C S  t h a t  . , a r t  th. .am. r a y .  . lo" R I Y I "  Ch." l .  ?'"I .I"* .bout X I , .  .h.P. .. 1 1  I 'D". I "  your . I " * ' .  .ye .  

Yh.n t h .  RHYTIH . l o p . .  th .  IHIsl . t o p . .  and 
1 t  I S  I h .  1.cr .r .  so Juml Y I I I T C  1 1 ,  

* ? . r t e c t  f o r . & C ( m M :  wo ..n.el... . c u d r  - 
C U I L I C O D E  . h a y e .  . r e  I L R P L Z  and MAKE ItMsL. 
I n o r  s n l ~  C I C B T  .h.p.. .nd y o u  k n o w  WALr a t  

L Y E R Y T H L I C  a n d  MOST 01 rD. LCTTTII. 
= n o r  ."I, T W O  n.r rndt.'. ,or r . r h  .h.P. ."d 

I D "  " '1 ,  .no. .r.r,lh,n'! 

I T ' S  LIKE -1IITAI1 C O D E - !  

.P.I,.., r.. uPEm 10 . L , " " , l " l  I -  b,.., 
* o u r  -1..rn,n. pt.,..u- - 

anr .  y o u  l n s r  Ih.  CUILICODI .hap.. Ih.7 
8.0" t n  I.". . ,"d'.  .I.  .I -.n,- .S"d. 

I 0  f.,. ma.. , , . I  t o  " = A L L "  I * O Y  t h .  .L,hl 
bas! .  C U R L Y C O U E  .hap.. .I slow .p..d i o  b. 
" . I ,  .n * o u r  r., I 0  br... ,"" ,aur pi.<..". 

1 T . l  L l X t  -s"Pl"lD"IC c o o t - l  

Or,.. r . r c w u : ~ r r r . ~ c t v .  ~ o t a r . d  r . 1 ~  e n a r c .  
I A V t  " l t h  . 2 U t  d t . r o u n l  on I." .r .or. ..,.! 

? L I C E :  C 9 . p l . l .  I., (*.nu.,. u.1, r n . r r .  
sor . . ,  r . r d .  n.","".,.. . h . r , , :  I l L . 5 "  

Ilona, b a c k  l u . r . n l . . .  Phon. 11031418-8088 

I r l ~ 0 9 ~ < n h  "I' P U U I C ~ ~ I O ~ ~ .  h p t .  H.15 
s u t t .  1 , ) - I 9 9  
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1986 Summer Radio 
Amateur Call Book 

Supplement 
$9.95 + $3.50 shipping 

Send $13.45 to: 

Ham Radio's Bookstore 
Greenville, N. H. 03048 

94 July 1986 
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I GET A BIRD'S EYE VIEW I 
I From Gnffr;lk I1 " and your IBhl " PC I 

OSCAR 11 . 15m U $ 1  e3:**:33 

(,r.,l l(.~k II ' ~p f~~ud~. -  IC.LII#~~~, /.I.~I~I~IL ~lhq>l,~! CII I/.LI 1pn8lcct1<m m;q> i h l t h  tnii,il.. ~ t o r l ~ t  III \ c I c ~ ~ ~ J  \.#ll'llt~~. \UII \ll%#~> \1.11 

c L s > v r . $ p  ctr~l,. . ~ L I  L U ~ I , ~ ~ ~  V I I ~ ~  [ w  ~CCC~II~I Sph~r#<.~l lpro,cctmom V K ~ ,  . ~ ! t a l  pr:apl,h \ . ~ v # ,  81,fwp- 1,. .m l l l \ l  I l p u > t >  < I & #  I V ~ I ~ ~ Y  

c.8" 11\11 hC ~TIXJULCLI KC((IIIIT\ .)GI IIIM IT . R XI.  IT' \I. ~ w t r ~ ~ ~ ~ f n p . $ ! ~ h l ~ .  .dm llI\l ('<!l,!r I ~ r , ~ p l l ~ ~ \  \ l c ~ r b # l c > r  \I~.I~IC~ 1 ,  lnlv 
~ ~ . ~ p . , t , h ~ ~ .  ~ ( 1 x 7  rll.llt, ,l,pnrcr\l~r. n,lnlnaum 2 5 1 . ~  K.\V ulth ~ I ? K  wcl,n~srndrs~. IN)% ? II .st ~., trr  rtnd L.,II>C~ tut7 inlli 110pp~ 
drlrrr ,,r cone IfdIh Ilopp' .and onr h;ml tlrbvr 

SII IC'ON CPII1-MIiKIS" pnsvdu* t;thut.r data lulpul ln Ihr r m n .  pnlcr .  or disk litr kr 1 B  L~llc~rtng opcrallnp mtdr\ I 
ohwrrcr 11, Ih ~ d c l l ~ t c ~ .  I0 ohwrvm to I 5atrllitc. rhcdulr l m  I h n e r  to I ~nIctl8le. rlnd<,w helreen 2 ohrrvcn :and I 
\d!rllta. n u  and rcl t$n,cr lllr I \atclll~r. l!mc anlrrrd n u  ;and rrr I$mc\ 1,s 10 ule l l l l r~.  Almanac for Sun mml M~xr,. Ih thvrvcn 
I,, SaniMcxm. whedule fan I ohwr\.cr lo Moon. utndou k f w c e n  ? uhvrvcn and Mwn. rchcclutc Icn I ohurvcr 11, Sun Krqa#m 
rolllo n, IRM R'. IT'rXr. P(,AI, cu lwr rc~mpl$hlr. md IHM Mtmcrhnmc or IHM Ccllur ( inphr\  #~,nllcv Adrptcr Ir lure 

m optll,n;ll ROX7 nulh r . $ ~ r c \ < o r .  ?5hK RAM. 1x1s 2 11 LW taar. and llnr 1fiIK flolrpv dnve 

txl~ p k a p  ~ncludr% SEI). m cdtar p ~ y r a m  a, con\trucl and rndnlv Sucllote,Ohwrvcr dnnhau hlcs Thcv pduclr  can k 
run tnvm r hud dm\k and am mn copy p,lcr!ed 

( ; ~ ~ r r d  11" d SILICON EPHEMERIS" am p c r d  at IIIV c r h  tw SIPPVS rnr ~h rrra- rcstdcnn wk, 1.1 (hdcr 
hr check. nnlncy nnlrr. M;l\lcrCml, or VISA 

Stllr#m h,tuln,n.. In. . PO Box 74254h. Hnustm. Tcrar 77274-2716.17111 WI.R7Zl fl 1s 
,"b, .. . "...""., ,--. .* ,"M < ,--- onnn 11 .w, \,I".. **m. n; 0-. n \*r.n \*urn. tn 

r. n a m  rs.amr.8 10 QHr Qunnplexer. Two of  t h . ~  t n n l M h M e a n  to& tha h u H  of a 10 BHZ 
~ommunlcat lon myatem tor wlce, mcw, vldeo or data transmlaslon, not t o  nmnllon mwnt8lntop DXlngl 
MA87141.1 (pmlr ot  10 mW tnnacelvem) 1251.95. Hlghar power uni t r  (up t o  200 mW) avalleble. B. Micro- 
wave Aaaociatea 24 QHr Qunnplerer. Slmllar charactarlatlca to 10 QHr unlt. MA87820.4 (pelr 0120 mW 
tranrcelvem) 1739.20. C. Thla aupporl module I1 deslgned tor use with the MA87141 and MA87820 and 
pmvldes ell ot  the clfcultry tor a full duplex eudlo tranacslre ayatem. The board contelns a low.nolae, 
30MHz t m  mcelnr,  modulators for rolce end mcw oparetlon. Gunn dlode regulator end varactor supply. 
Meter w tpu ts  are pmrfdad lor monltorlng mcelved algnal larela, dlscrlmlnmtor output and varsctor tuning 
voltage. RXMR30VD asaombled and tested 1119.95. D. Complats, ready to use communlcatlon aystam 
tor ro lce or mcw op8mtlon. Ideel tor repeater Ilnklng. A power supply capable of dellvsrlng 13 volts dc  
at 250 mA (tor a 10 mW rerelon), mlcmphone. and headphone endlor loudapeakar are the only eddltlonal 

Ilon. The Gunnplexer can be removed tor remote mountlng to a tower or 2 or 4 
rR1ROA(tOGHz, lomW) 1399.95, tileherpower units arsllable.TR24GA(24GH1. 

20 mW) 139.95. Also avallabls: horn, 2 and 4 foot pare. 
bollc antennas. Qunn, verector and detector dlodes. 
asarch and lock ayalemt. oacllletor nwdulea, w.regulda. 
lIanoe8. atc. C.ll or w l t e  for addltlonal Inlormatlon. Let 
AI ~llty 10 and 24 n t l  

Items nwd 
toot pereba 

ad tor opera1 
lllc antenna.' 

esaa 
BOX 1242 Burlington CT 06013 20.3 5w-Y4VY 
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p l l l l l l l l l l  
I FREECATALOG! I 
I Features Hard-to-Find Tools 
I and Test Equipment 

Jensen s n e w  catalog lea tu res  hard-to-  
l ~nd  precls lon tools, too l  k ~ t s ,  too l  cases 
and test  equipment used by ham rad~o 
operators. hobbyists. sclentlsts, en- 
glneers,  labora to r~es  and government  
agenctes. Call or wr l te  lor your free c o p y  
todav 

Depl  HR 
781 5 S 46th Streel ! ~ ~ % ~ ' '  I E2Ai2t:044 

- u 
TRAP DIPOLES: 
I** &."dl 
i, 2.  I ( i ..(I I" 

1ir.n l l ,  l.,'?, 40 801160 h Ib,  I.)., ,1.," 1 ;  1 
TRAP VERTICALS-"SLOPERS":' 
" \ a ,  10 l i  ),I a,, . > 0 4 0  I (,I 

" 5  d !, 5 '  ! " i 4.- 
>U ' l ' i  

Vb b l  3" \>I:, l i l  80,160 4 ;I I;:::: 

ALL TRAP ANTENNAS are Ready to use - Faclofy assembled 
.Commercial Oual~ly -Handle lull powel - Comes complele 
wllh Deluxe TIIPS Deluxe cenlel connwlor. 14 ga Slranded 
CopperWeld an1 wore and End lnsulalors Avlomalrc Band 
SwllcnlnQ Tuner usually never raqulred - For all Transmll. 
lers. Recelvsrs & Transcelvets - For all class amaleure . One 
leedllne ~01116 all bands l n s l l ~ ~ t l o n ~  lncluded 10 day 
money back guarantee' * 

SINGLE BAND DIPOLES (KR lorm): 
II. I.* Lyn k*. 

,., ., . . >*  +., 
/,h 2: *I 

( 8  * R(I ' 5  l i "  I., .I,. 
,'...I' '6" , l i t  .li U., 

Includes assembly #nslrucl~ons. Deluxe cenler connector. 14 
ga Stlanded CoppsrWeld Anlenna wlre and End lnsulalors 

COAX CABLE: l~ncludes PL-259 conneclor on each endl 
y h wnn ,nnm rurnau I?!? 

l i , . . "  ,,. I" II,, ', I , ,  I,, ,.I 

DELUXE CENTER CONNECTOR 

n 
DELUXE ANTENNA TRAPS: Compielt,ty SMIW 

wedlnelplwl So11d brass lermlnals Handles Full 
Power . NO lumperr NO Solder~np 

Inslr~cll~ns tncluded 

- .  I For 4oand Olpole An1 
40120lISl10 $36 0Olpr 

For 5 band n~po!e An1 
rn 8Ol4012O/15/10 

138 OOlpr 

ORDER OlRECT FROM FACTORY. As orders snlvped US 
hrlpdld VISAIMC glve Card I .  Exp dale Slgnalure 

SPI-RO MANUFACTURING. INC. 
Dept. 103. P.O. Box 1538 - Hendersonville. NC 28793 

- r"r Dealer Ingu~nes Inv~red ' I '  
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HAM DATA 
C-64 Software 
SUPER LOG 
Suoer log glvrs you all the advantages of a com- 
ptllerlzed data base w~thout s~gnificantl changlng the 
tra~l~tlonal log lormat For contesters. %per Log can 
bf: conltgured 10 e~ther manually or automatically 
erllel conlact number as well as time ol contact 
Make an error and you can easlly go back and edit 
the entry Super Log also allows you to prlnt out 
ellher selected contents or Ihe whole log. Wlll prlnl 
o s L ~ .  
I HO-SL (For C.64) $19.95 

CONTEST LOG ' 
Th~s disk contalns lour diflerent contest programs: 
ARRL Sweepslakes. held Day. Universal WW Contest 
loo, plus a dupe checklng routine Each program 1s 
drilgned for real time use. 11 automatically enters 
d,tle. Itme, band and serlal number lor each contact. 
A 24-hour clock is displayed at Ihe top 01 the VOT 
screen When the contest IS over. the program wlll 
pr~nt your resulls llsllnq all duped and scored con- 
tacts In ser~al sequence wtlh all the necessary Inlor- 
rnatlon as well as completed score at the bottom 01 
01e page 

HD-CL (For C-64) $24.95 

MASTER LOG 
Over three years 01 development went into this pro- 
gram It creates a file 01 2100 ~nd~vtdual records 
w~th up to I 3  d~lferent entrles per record. Master 
Log can do a search and select based upon time. 
Itequency, mode or any ot the other vanable 
parameters II keeps track o l  DXCC and WAS Slatus. 
prtnls OSL labels and can search 11s whole lile In 
less than 5 seconds1 Complete documenlatlon is 
Included to help you learn and use lh~s Iruely stale. 
01 the-art logglrlg program 

HO-ML (For C-64) $28.95 
Please enclose U.50 lor shipping 

HAM RADIO'S BOOKSTORE 
Greenville, NH 03048 

/ DESIGN EVOLUTION IN RF P.A.'s ' 
Now with 
GaAs FET 
Preamp 

- 
. . 

0 .  --.* 

More Details? CHECK-OFF Page 110 

- - 
*Linear (all mode) R F  power amp  with 

automatic TIR switching (adjustable d e  
lay). Amplifier useable with drive powers 
a s  low a s  '12 watt. 

Receive preamp option, featuring GaAs 
FETS (lowest noise figure. better IMD). 
Pevice N F  typically .5 dB. 

*Thermal shutdown protect ion incor- 
porated 

Remote control  capability built-in 

*Rugged components and  construction 
provide for superior product quality and  

SPRING SUNSPOT 
SALE! 

SAVE $700 

COMPUTERIZED DX EDGE 
Generate your own Greyline dlsplay. 
Xantek has adapted t h e ~ r  best selling DX 
Edge to the uoniputer wor ld  and 11 
comes at a very reasonable price. This 
computerized operating aid brings into 
your ham shack the ability to know and 
predict when and where DX is going to 
appear. When you are using the pro- 
gram, the computer will automatically 
update the information as the sun 
progresses across the face of the Earth. 
To make the computerized DX Edge even 
easier to use, the display is keyed to the 
DXCC list and the 40 CQ zones. Disk and 
documentation included. This is some- 
th~ng you've Got t o  have! , :1985. 

XN.C64 (For Commodore C-64)REG 34.95 

'fl Now JUST $27.95 + 
I'lr:ase add $3 50 I~ i r  postage and handlli~ii 

ham - radro,.- BOOKSTORE 
GREENVILLE. NH 03048 

GIVES YOU MORE 

*: ", rT - - - 
- - 

TNC-X)O 

Olficial TAPR TNC-2 Desipn . Stardard AX25 Verslon 2 PmtOCOl 
F u l l  Duplex Hardware HDLC - 16k Oallery Backed~up RAM 
3 2 k  EPROM. Soltware Cbck - LalesI Multtconnecl Soltware 

Level3 Networking Cornpal~biltly 

~~ 
Assembled and Tested $21995 $19995 
Full k ~ t  wlcabinet $169 95 $154 95 

Full hi1 wlocabinel $14495 $12995 
Hard-to.find pans $84  95 5 79 95 
Bare PC board f 3995 

PTU-zoo 

Packet Tunlng IndlcalorMF Modem - Single plsh bullon seleclbn of HFNHF 
Anlve bardpassliner helps wpy inORM - 20 segmenl red LED bar graphdisplay . lnlernal TAPR destgn modem . Power swdch wW3ls both PTU and TNC 
Assembled and lested.Full klt 
Competitively priced, call J U I ~  1s 

pc-100 
Dual Pon Packet Controller 

- Duatwn TNC on a hall sue PC card 
Use w~th your PC or wfnpal~ble - TNC solfware included . Dual 30011200 high penormame modems - Pmvis~ons lor hrgh speed external modem 
Use as Network Controller. Gateway, etc 
Assembled and tested ...... $189.95 
Full klls from .................. V49.95 
Call about purchasarq bare boards 

PC-PACKET 
Tennlnal Sonware for your PC 

Spldt Screenor multi-wlordlsplay 
Mulliple. Scrolledpaqesol reuxrn~l buller 

Fu l ly  conl!gurable PC and TNC pararnelers 
Works wilh all TNC's f~ncluding GLB P K t )  - Pop-upw~ndows lor operator Inlcrloce 

Userdellnablelumlion keys - Pnnlerld~sk logg~ng. DOS access 
Avallable now for only ...... $49.95 

MACPACKET 

Tennlnal Sonware lor Macintosh . Pull. down menus. spl~l screen. llle xlers 
Aulomatlcmulingard more . . .  $69.95 

FREE SHIPPING IN CONTINENTAL USA 

Ask us about our volume diswunt program 

Dealcr inqu~ries welcome 

ORDERS ONLY CALL 
1-800-835-2246 ext.115 - SALESfrECH INFO CALL ,,q,, - 813-689-3523 D 

r la, addresses must add 5% sales lax 

PAC.COMM PACKET RADIO SYSTEMS INC. 
4040 W KENNEDY BLVD. TAMPA. FL 33609 

\ 
TELEX6502881526m1 / 14 

performance 
I. Models wilh G suffix have GaAs FET p r e  

*Al l  models include a complete  operating1 amps. N ~ ~ . G  ,,,,its have no preamp. 
selvice manual a n d  carry a factory war- 2. Coverslullamateur band. Specify 1 0  MHZ 
ranty o n  al l  components Bandwidth for 420-450 MHz Amplifter. 
Designed t o  ICAS ratings, meets  FCC part 
97 regulations *SEND FOR FUt7THER INFORMATION* 

*Approximate size is 2.8 x 5.8 x 10.5 and  
weight is 5 Ibs. 

Spec~l~cationslprice subject l o  change 

75708 
0508G 
a5'0 

.y::EG 
1 4 1 0 ~  

'1412 
1412G 
2210 
2210G 

7712 
2 2 1 2 ~  
2 4 1 0  
4410G 
4412 
44tzG 
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IMHzI 

5054 
5054 
5054 

:y:'48 
144.148 
144.148 
144-148 
220-225 
220-225 
220-225 
220-225 
420-450 
420-450 
420-450 
420-450 

IWI 
170 
170 
170 

160 
1150 
160 
130 
1311 
1.111 
1311 
1011 
100 
100 
100 

tWI 
1 
1 
lo 

:E 
10 
30 
30 
1 0  
10 
30 
30 
10 
10 
30 
30 

NF GAIN 
- - '  

8 15 - - 

.! . 
6 15 - - 
.6 I 5  
- - 
.7 I 2  - - 
.7 12 
- - 

1.1 12 - - 
1.1 12 
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Yith EM ilP Seri 
m n A  1 T I 

ies Tra~ 
Model L1 -Llu 

1'' Surg 

7 

le Prote 
...A z-- r., Model R-T atnu L.I EMP Series tive, hex IUI n c v n ~  a11u XCVRS. 

Arc-Plugm cartridges are designed 2 kW models designed for ampli- 
to  protect against nuclear electro- fien. For maximum protection use 
magnetic pulse (EMP). as well as both. with 200 W model between 
l ightn~ng surge voltages. XCVR and AMP. All models include 
The EMP Series design is based 
on the National Communications 
System Technical Information 
Bulletin 85-10 covering EMP protec- 
tion for communications equipment. 
All Transi-Trap Protectors feature 
"isolated ground" to  keep damag- 
ing arc energy from the chassis. 

Don't hook up your coax without one! 
The 200 W models are most sensi- 

replaceable Arc-Plu cartridge and 
are designed for ~I?ohms. 

UHF "T-tv~e" Connectors. for use 
throu h 50 MHz: 

MO%EL LT. 200 w . . . . . . . $19.95 
Super Ruggedized Super Low Loss 
Models (0.1 dB at 500 MHz), for 
use through VHF/UHF, with UHF 
connectors: 

MODEL A-7'. 200 W . . . . . ,529.95 
MODEL HV, 2 kW . . . . . . . $32.95 

At  your Alpha Delta dealer. Or order direct in U.S.: add $2 for postage and 
handling. Mastercard and VISA accepted. Ohio residents add Sales FIX. 

[ See Data Sheet for surge I~rn~tatmnr 

,++ ~ e v  v p, r _ ~ a a , p i ~ ~ w v ; n - q a . w e  pwr . 
. 7  - * - -  - 7 - 

P 0 B o x  571. Centewtlle. Ohlo 45459 (513) 435 4772 
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CIALIZED COMMUNICATIONS 
R TODAY'S RADIO AMATEUR! I 

f you are ACTIVE in FSTV 

SSTV. FAX. OSCAR, PACKET, 

. _ - _ . - .  RTTY, EME, LASERS, TVRO, 
or COMPUTERS, you need 

"THE SPEGCOM JOURNAL"" 
OUR IBTH YEAR OF SERV 

lished 10 Timc 
Per Year 

ly WBa 

'ICE' 

!S 

CALL T OLL-t HEE 1 -800-628-2um exr. 341 
... and place your subscription order today! Our membership Services 1 
HOTLINE is good for all 50 U.S. States including Hawaii 8 Alaska and ALL of I 
CANADA! U.S. subscriptions $20 per year. Foreign slightly higher. A Master Ar- I 
ticle Index Special Issue is available for $3.00 postpaid. I 

I 
THE SPEC-COM JOURNAL 

P.O. BOX I I 
I 

DEN, IOWA I 

t- > 
BLACK D A C R O P  POLYESTER 

ANTENNA ROPr 
OUV-PROTECTED 

.HIGH A B R A S I O N  R E S I S T A N C E  

O R E Q U I R E S  NO E X P E N S I V E  
P O T T I N G  HEADS 

.EASY TO T I E  & U N T I E  KNOTS 

.EASY TO CUT W I T H  OUR HOT K N I F E  

. S I Z E S :  3 /32 "  3/16" 5/16" 

* S A T I S F I E D  CUSTOMERS DECLARE 
EXCELLENCE THROUGHOUT U . S . A .  

LET US INTRODUCE OUR DACRON@ 
ROPE TO YOU l SEND YOUR NAME 
AND ADDRESS AND W E ' L L  SEND YOU 
FREE SAMPLES O F  EACH S I Z E  AND 
COMPLETE O R D E R I N G  I N F O R M A T I O N  

r /  131 
Synthetic ,.r,,,.".w.,w"& ,L#LD!",,. textiles.inc. ,,.,,,. ,,,F,, .... ,vx,,,,,,,7m, .. . . . . ." .... .......... ......... 

All weather protection 
for outdoor shows 
SLAW. PF.AK OR FLAT ROOFS 

FREE STANDING - FAST SET-UP 

NO TOOLS REQUIRED. 
SNAPS TWETHER 

WHITE OR BLUE TARPS 

RTS IN THE TRUNK OF A CAR 

JOlKlS & PARTS 

PACKAGE c o w w n E  - 
READY T O  USE 
MONEY BACK GUARAWIiE 

MICROWAVE EQUIPMENT 
For easy lest and adlustmen! of 2.3 GHZ 

rnlCrOWBYR amol*llers. 
Gam vs lrequency display lor 
RMBLA.2.3 
2.3 GHz ampllller wtth 2.3 GHZ 
cenler frequency 100 MHacm 
horlzonlal and 5 MVlcrn ven~cal 
sensnIIvlly. 

An RMSWG.1 1.3 0 Sweep Generalor. $ l a  00. 
RMUDD-12 Detector . $24 00. RMLS-2 Line Slrelcherl 
dc return - 519 00. 20 8 30 11. RG.58 cables (at- 
lenuators) and an o ~ ~ l l o w o p a  woth 5 MVlcm venlcal 
SB~SIIIYIIY were used an lnts test. 
2.3 GHz Btpolar Arnplal8er (RMBLA 2.3) + I 2  VDC. 
Greelhsr than 14 dB galn a1 2.3 GHz . $45 00 2 3 GHZ 
GasFel Amplnl~er (RMGLA- 2.31 * 5 VDC. Grealher than 
1s dB galn at 2 3 GHZ - 170 W. 2.3-2 45 GHz Signal 
Generator IRMSG-5) 8 3 0  VOC - $55 00. 
Prlces tnclude poslagelhandltng 11 order lncludes chew 
or M.O. FOB Brookl~eld. MO IorC.0 0 or charge order5 

ROENSCH MICROWAVE 
R.R. 1. Box 1568. PH: 816-895-5431 
BROOKFIELD. MISSOURI 64628 
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products 

memory channels from the provided HM-12 rnic. 
Easy to operate, each unit features only 11 front 
panel controls. 

Options include the IC-HM14 DTMF mic, 
PS-45 13.8V. 8A.power supply, UT-29 tone 
squelch unit. SP-10 external speaker, HM-16 
speaker mic and HS-151HS-15SB flexible boom 
mic, and PTT switchbox. 

For information. contact ICOM America. Inc.. . . 
2380 116th Avenue N.E., Bellevue, Washington 
s!3cm-9029. 

personal pocket DMM Circle MU on Reader Sewice Card. 
This compact, inexpensive, new instrument 

from North American Soar features simplicity of 
operation and rugged design. The fully autorang- antenna switch 
ing Model 3010 doesn't require fuses because 
it's protected from ,,,is. MFJ Enterprises. Inc., is now ~ r d u c i n g  the 

use, applying 250 volts AC to this meter MFJ-1701, a six-position antenna switch that 
in the ohms position won't hurt it. allows switching antennas with the turn of a 

knob. It organizes tangles of coax cables and 
I eliminates the need to keep plugging in and 

Several features, such as permanently mount- 
ed test probes that can't be lost or connected 
incorrectly, have been added to ensure good per- 
formance in the field. The lightweight design. 
durable ABS plastic housing, and the carrying 
case all afford "drop-proof" protection at mod- 
est cost: only $29.95. 

For further information, contact North Ameri- 
can Soar Corporation. 1126 Cornell Avenue. 
Cherry Hill, New Jersey 08002. 

Circle K302 on Reader Sewice Card. 

new IC-28A and IC-28H 
2-meter mobiles 

ICOM has announced the availability of the 
new IC-28A 25wan and IC-28H 45wan packet- 
compatible 2-meter rigs with all the features 
necessary for mobile operation. These features 
include compact size (the IC-28A measures 5 1  14 
x 5 1  12 x 2 inches, the IC-28H 7-1 14 x 5 112 x 
2 inches) and a large LCD readout with an au- 
tomatic dimmer circuit to reduce brightness. 

The units operate from 138-174 MHz, with 
specifications guaranteed from 144.00- 148 MHz, 
making them ideal for MARS and CAP opera- 
tion. Twenty-one memory channels are includ- 
ed. It's wssible to scan the entire band or the 

~ ~ 

unplugging cables. . 
The MFJ-1701 retails at an affordable $29.95 

lplus $5.00 shipping and handling). The equip 
ment is mounted in a rugged, yet handsome. 
black aluminum cabinet that matches most rigs. 

This six-position antenna switch has SO-239 
connectors, negligible insertion loss, low VSWR, 
and low crosstalk between adjacent outlets. All 
unused terminals are automatically grounded for 
staticllightninglRF protection. The MFJ-1701 
can be used for 52- to 75ohm systems and can 
be mounted with equal ease on a desk or on a 
wall. In addition, the MFJ-1701 handles 2000 
wans SSB or 1000 wans CW. 

This product is backed by MFJ's oneyear 
unconditional warranty. If ordered directly from 
MFJ, it has an additional 30-day guarantee - 
return it within 30 days for a full refund (minus 
shipping and handling) if not completely 
satisfied. 

For details, contact MFJ Enterprises, Inc., 
P.O. Box 494, Mississippi State. Mississippi 
39762. 

Circle 13W on Reader Sewice Card. 

new amateur equipment 
from Heath 

Four new Amateur Radio kit products have 
been introduced by Heath Company, the world's 
largest manufacturers of high-technology elec- 
tronic kit products. The new products are the 
HD-1420 VLF Converter, HD-1422 Antenna 
Noise Bridge, HO-1424 Active SWL Antenna. 
and the HD-1530 Touch-Tone Decoder. 

The HD-1420 Very Low Frequency (VLFI Con- 
verter allows a standard shortwave receiver to 
tune the 10 to 500 kHz band using the receiver's 
3.5 to 4.0 MHz band. 

The HO-1422 Antenna Noise Bridge is a use- 
ful antenna tuning aid which reveals the cause 
of any mismatch between a station's transmit- 
ter and its antenna. 

The HD-1424 Active SWL Antenna allows a 
shortwave radio to receive signals between 300 
kHz to 30 MHz. 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

H L %ASTER IHC Za3 &lahmmn Rke C l a m  W 
Va 26501 Clarlabuq Phan (304) 62kSU15 cw W Va Toll 
Frm 1800352 3171 

HAROLD HEASTER KMOHX 91 RdpcW F%e &mmd 
Beach F1 32074 lbnda Rm 900 673.4066 
WW ullcuwlw mu+lm mrPna*E 1- 

ldobu.7ms 
Call us la a quolahm WE WILL SAM YW MoNtVl 

SALE PRICE 

$34.95 
List Pr~ce '44." 

Model 
M3111A (S) 

KNOW THE TIME 
ANYWHERE - EVERYWHERE - INSTANTLY 

12/24 Hour 11n Plem 
Dual Olal Lrld lime Cbch 
Eary lo read local 11m In ula  m n d  the m i d  
Wd or rrlver llmr pat hamjsomIyd~rglzpdIn amntkcd&-yla 
or dcaf stad 
Oayl~qhlIW~ghtl~m shnn a 2bh dlal 
Aaurxyatrurrdto? 1 5 w m w h p r m m f h n M ~ ~  
Time plm d~amctn 6,' hc~qhl Y n d l h  B Ura 1 "W bancry 
not ~ncluded 

ORDERYOURCLOCKSTODAY 
CALL 18131 442-5882 

F W a r s ~ d m R I d d M  RmrIdd12%lkdskmq 
or w r ~ l e  1233 Kaon D r .  Clearwater. FL 33575 

Sub Problems? 

Contact Sue. She'll 

fix it for you! 

(603) 878-1 44 1 

Ham Radio 
Greenville, N. H. 03048 
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NEW! PI-@4 Pxld Contmlhr 

Now a1 f219 95 

tnlo n Itill ler10,cd RTTY rlallon w l  the CP-I  Pwr 
Compuler Palrtl ~nlerlace and solware by AEA Lhs 5200 9MX1 183W . NO* nvallahle lor the commodore 64 price 125000  S 4 0 . 0 0  $520 w 

Colnpetr w t h  cablec lo! the AEA CP-I  Add~llonal Motors $90 W Preset Add 155 W 
Keyhna.d oa:rlays 2nd manual s CALL. free u s Gieal clrcle ~ l a n s f e r  Map wlRotnr 
RS 717 opt~on avatlahle ALINCO "Ousd Pod'' Ihe perlecl match tor 

MNTRONICS UTU lodays antenna ~nstallal~ons. 8 e OSCAR sys. 
NOW Av.81lable dl tE8 lems, llght HF heams. VHf-UHf beams 

RlTY I h ~ e s t  b e n ~ ~ n y .  I~yhlwetghl, durable alunttrlars 
Carl lit! osrd on CW. ASCII. AMTDR and 4 leps-slrony-rotor plate-accepts optional 516 Mill Street NE 

. taqy lor beginners c ~ n ~ ~ r ~ c l ~ o n - e a s y  ~n~ la l l a t ton  Vienna. VA 22180 USA 
ETS 170 46" 
LTS-150 55" Preps b specs suhlecl to change 
ETS-I80 67" Sh~pp~ng  charges not included 
U S - 2 1 0  i9" Retlrrns suhlecl to ?@% f e s l ~ ~ k  maroe 

8 I l l  !!I I ' r  I Easl Coast Dealer A M 7 4  ~h~~~~ bar Fwr c811Io9 8" USA, ail other 3 IRC's 
1 .,IIIV ,ore ~ n : ( i , y  I'ackaqe Deal $CALL I AAZ.7 Rotor R Control $121 W ORDER TOLL FREE 8W368.J2m 
I i ~ c c l  43 i~~e~t!ii.nl?-Ioilds See Attnco Ads tor Deta~ls Tech Info-VA orders 703-938-3350 

The HD-1530 Programmable Touch-Tone De- 
coder is used in series with the speaker of a re- 
ceiver or scanner. 

These Amateur Radio products are just a few 
of many products offered by the Heath Com- 
pany. To receive a free copy of the current cata- 
log, contact Heath Company. Department 150- 
592. Benton Harbor, Michigan 49022. I ln Can- 
ada, write Heath Company, 1020 Islington Ave- 
nue, Department 3100, Toronto, Ontario, M8321. 

C i r c l e  #XI5 on R e a d e r  Sewice Card. 

miniature VHF 
GaAs FET preamps 

Low in cost and small in size, these new am- 
plifiers from Hamtronics are easily used in a var- 
iety of applications. Amplifiers in the LNW series, 
available in eight different models tuning from 
25 to 500 MHz, are designed around dual-gate 
FETs that provide stable operation over a wide 
range of load impedances. At frequencies be- 
low 120 MHz, gain runs from 22 to 28 dB with 
a typical noise figure of 0.8 dB. 

The price is $19 (in kit forml and $34 lassem- 
bled and tested). Further details on these 
preamps and many other Hamtronics products 
are available in a 40-page catalog available for 
$1. Contact Hamtronics, Inc., 65-F Moul Road. 
Hilton, New York 14468-9535. 

new software for 
RC-850 repeater controller 

Advanced Computer Controls, Inc. has an- 
nounced Version 3.4 software that adds many 
new features to repeater systems. 

The controller's autopatch is enhanced to sup 
port multiple telephone lines, including up to 
three remote phone lines linked by radio. Remote 
phone lines allow autopatch and autodial serv- 
ices on repeaters at inaccessible sites and allow 
the repeater's patch coverage to match its RF 
coverage, with calls automatically directed to the 
proper line. 

Additional access and control modes allow 
custom tailoring of PL and touchtone access to  
the repeater. Eight hundred individual user- 
access codes may be enabled and disabled by 
the repeater owner, for secure controlled access 
to selected functions. 

Four links or remote bases are supported, with 
touchtone command entry permitted from the 
remotes. Additional remote base frequency 
memories are included, with programmable 
memory name responses. 

Numerous additional paging formats are sup- 
ported for selective call to users with decoders 
or paging receivers. New formats include five- 
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tone sequential, DTMF, CTCSS, and HSC for 
numeric display paging. Pager information is 
stored in memories for easy two-digit reference 
to  any pager. 

Available to all current owners, the software 
is supplied in 48K of EPROM, plus an 8K RAM 
upgrade.. The non-volatile EPROM memory is 
optionally upgradable to 8K. The upgrades are 
included as standard in newly shipped 
equipment. 

FO; additional information, contact Advanced 
Computer Controls, Inc., 10816 Northridge 
Square, Cupertino. California 95014. 

Circle 0306 on Reader Service Card. 

Kantronics Packet 
Communicator ItTM 

The complete Kantronics Packet Communi- 
cator II IKPC-2) isan AX.25 Version 2.0TNC that 
features a completely new design, the latest in 
technology updates, and over 100 software com- 
mands. A serial AS232 or TTL port allows con. 
nection to any computer. KPC-2 is also 
compatible with existing TNCs. The unit is ready 
to use and easy to operate. 

Priced at $219, the KPC-2 is compatible with 
any computer having a serial. asynchronous 110. 

new Transi-trap'" 

Alpha Delta has just announced availability of 
a new improved vesion of its Transi-traptu 
electrical surge protector. 

The Transi-trap "Arc-plug'' has been re- 
designed to meet industrial and governmental 
protection standards for protection against Elec- 
tromagnetic Pulse (EMP), in accordance with the 
National Communications System report. NCS 
TIB 8510. The new "Arc-plug" has a DC clamp- 
ing level of 350 volts to provide proper transmitter 
protection. The pulse clamping level (per NCS 
EMP test: 4.500 volts at 50 ohms) is 230 volts. 
The unit will respond in 80 to 100 nanoseconds 
and has a very low interelectrode capacitance 
of less than 1 pF. 

For more information, contact Alpha Delta, 
P.O. Box 571, Centerville, Ohio 45459. 

Circle t3OB on Reeder Service Card. 

hidden signals 
Ur~iversal Electronics has announced the re- 

lease of the second edition of The Hidden S i p  
nals on Satellite TV, the first book to completely 
cover the field of non.video satellite services car- 
ried on domestic satellites. 

It offers standard computer-to-communicator 
baud rates between 300 and 9600, and packet ! 

radio baud rates of 300, 400, 600, and 1200. 
Software selectable VHF and HF modems are 

included. Six software selectable tone pairs in- 
cluding Bell 103. 202, CClTT V.21, and CClTT 
V.23, and full duplex capabilityare also featured. 
Full 16K is RAM standard, with memory expand- 
able to 32K RAM. 

Anv terminal or 'communications software pro- - 
gram can be used to establish communication 
between your computer and the KPC-2.'" Kan- These services ~nclude stereo subcarriers, tele- 
tronics offers Pa~ te rm '~ .  a special packet ter- phone channels, world news and press services, . . 

minal program for many popular computers. 

Power supply, connectors. and cables are 
provided with the KPC-2, but the user must sup- 
ply the transceiver mic jack and the computer 
RS232lTTL connector. 

For information contact Kantronics, Inc., 1202 
E. 23rd Street, Lawrence. Kansas 66046. 

Circle 1307 on Reader Service Card. 

Teletext, and other VBI Systems, Single Chan- 
nel Per Carrier (SCPCI Systems, plus other data 
and business services. 

Hidden S~gr~als deals with all phases of this 
expanding side of the satellite business: the sys- 
tems, how they work, who uses them, how they 
are received, and how the services can be util- 
ized. Despite its sophisticated content, the illus- 
trated 240-page book is easy to read and 
understand. 

The book is available for $19.95. plus $2.00 
shipping and handling from Universal Electron- 
ics. Inc.. 4555 Groves Road. Suite 13A. Colum- 
bus, Ohio 43232. IAlso available from Ham 
Radio's Bookstore. Greenville. New Hampshire 
03048 for $19.95 plus $3.50 shipping and 
handling.) 

Circle 1309 on Reader Service Card. 

ICOM REPEATER 
PROGRAM UPGRADE 

The RPS I ,i .i# ,.,I,,,.., I : V ~  ~..,t)atr, ,i,),/r I I I  , , , " I . .  10, IW ICOM 
REPTATER cl~ril~r,lit,r liii.~~~l 111 I' will ,ddil Nl C I I41110 S .md CllS 
TM PHlKH~lMPdlN~8 1 8 ,  (our ll;!lM 141' t ? l l l  1ll';'IltO atmi 
RP 3 1 0  1111, Ill''. I ~ ( 1 1  l a b  vnu, ~tc,n?r!, ~ i l i i u i i l ~ r ~ ~  II~IV.I~P~ alld 
Qlve 11 a whnlc I I , ~ +  w r ~ o n . ~ I ~ t v  

New CW ID o(~rol ton provtdps m sewlate cw d masages, anl  
r.n l w l u l r  ~~P l t ( l . t t~ .  01 ~ 1 0 1 ~  n~m PIm Ute cw are w n l  
dl W swMl  ynu rewwst T I *  w COU~ICSY  bee^ low rtrornpl nl 
I w s  a ~ t to r l  I.OIIIIF',Y wall ~u.rtul bplore heemnu an0 rrulltmu Ute 
hnmct hnrr ufrx. W tan1f.t b a n m i i n  <L:n In Ntw n l m 6  
111P1611011 I ~ A R  111111.0(11 ~mni~rt~,ttely with ,m duwn 11~lay m d  I,r(* 
vtdpr cw wamlng n ~ ~ . ~ d q c %  lr, rnluce cinlus~(ln C~s10r.i P I~o ! , I ~~  
r ~ l ~ i l i l  01 all iw ~IHI lh~!~(rlit I*~,,I,I~PI~!s 

Thr ICOM REAAIFH a n wpll Iho~lI rdtabk repealer, and addlng 
ltlc PROCESSOR CONCCPTS RP:; I unll add new fcaturcs and wr 
snnl l~ lMl prL,glantnling to rllah? a QCN repalel  Qvpn hPtlPr 

IWO SEPAUAlE CW ID MESSAGES 
PRf TlMtOl l l  CW WARNING MV;  . KIST IIMIOLII CW MSG . DtllECT tI'RDM CHIP REPIACEMENT . CIILIRIFS~ LiiEP TONE PROMPT 
IlMI Dl11 RI '.I 1 ON REEP 
CHnlTI 01 TVJ 10 SPFtDS . [A:,'f 10 INATALL 

R P P l  PROGRAMMED MEMORY l d  MIWUAL all $14.00 
plvr $3 m l h iWlng  

PROCESSOR CONCEPTS 
P. 0 BOX 32908 

MINNEAWLIS. MN 55432 
(612) 780.0472 7 pm-topm evenlnpl 

CALL IlR V~l4111 (18, l  l l ~ l f  5I'it l l l ~ , ~ ~ t l l l N S  AND 
l ~ ~ l ~ l i , l ~ A t , A M I N ~ ,  ORII! I? \HI t I 

Ih,. r0nr.rt.r ror.rs .I> r ATV lr..".nr*r Thlr 

(o"vw!er UIII . cry l f . 1  enla Ihr the 139 25 MHz 

Th%, c.n..r,.r .I.* r""Do.l' . nrnur, lunlno mod. tar non-rlmd.rd 

6 1 4 4  MH? = -70 dh or qr~a4.r Th.p.9~-band Ir 1120-445 W(I 

YoIIaq.r.pI.flen ~r very I t h l r  under r a r y m q O C  mpu' Con- 

<.on g&!n 17 .p~ro.lm.l.iil 20 * r l f h  moul and oufnul rurW 
1.rfl.n Input I, "1. tqp. n c.M.rlor 3" l~" l  I' W!. . typ. "6 
-.<te. S?,. !. 7 1 2 5  x 

FORT WORTH, TEXAS 761 I 8  

SAY YOU SAW IT 
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REALLY cramped for space? 
Want a 10,15 or2OM concealable or portable antenna? 
Want a0bird dog" for your beam? 
Want 40M in a small space? 
Want to try the new WARC bands? 

MICROLOOP 

~ h e s e  compact 
monohand loops 4 I+ 54" 
provide omnidirer- 
tional (no  rotator) 
horizontally-polarize11 2OM 
(low-noise) covrrdge 
when parallel t o  MICROLOOP 

ground, or p~r lo rm-  
ance approaching a 
fulLsizedipole whrn 
vertical. Tunahle 
(SWR< 1.5:l) toyour 
favorite hand see 
m r n t  via bui l t - in  
adjustable coaxial 
rapacitor capahle of  
continuous 200 
watts CW or PEP. 
Cover other band scgmentr via antenna 1unt.r. Kuwr.rI low-lrrn copper 
with stainless steel hardware. 2" PVC mast required (1101 provided).or 
suspendfromtreeorr~ilingwithnylonmpe. Priresiriclude VSshipping 
(exct-pt HI. AK). Florida add 5% sales tax. Send chrck with your ordrr 
or call us with your VISA or MaslerCard. 

10. 12, 15. 16 or 20M MICROLOOP (20M is 54" across. 
......................................... others smaller) .183.50 

30M o r40M MICROLOOP (108" across for 40M. 30M 
................................................ smaller). 193.50 

ADN RdvMKed ~ e ~ g n  Netwok IIIC 
8601 66th Sheet North Rnellos Pork FL 33565 

CALL TODAY (813) 544-2596 

A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STVw you will 
receive a FREE LCD CalendarIClock. 

Only $19.95 per year (12 monthly issues) 
$1 .OO for sample copy 

The - best ~- ~ in satellite programming! Featuring: +All 
Scheduled Channels +Weekly Updated Listings 
+Magazine Format +Complete Movie Listing +All 
Sports Specials +Prime Time Highlights +Specials 
Listing and *Programming Updates! 

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

Visa1" and Mastercard " accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 
STVmIO n Sa t @' 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 

SUBSCRIPTION CALLS ONLY 
TOLL FREE 1-800-438-2020 



get connected - 
to packet radio 

Get Connected to Packet Radio, by Jim 
Grubbs, K9EI. is the first book devoted exclu- 
sively to packet radio operation. Three major sec- 
tions cover packet radio from the beginning 
through intermediate levels. 

In the first chapters. Jim offers a quick look 
at packet radio history. For those contemplat- 
ing the purchase of a terminal node controller 
for packet radio, information is included on the 
rapidly growing number of units available. A 
comparison of several major designs is included. 

Once readers assembles the necessary equip- 
ment, Get Connected to Packet Radio takes 
them by the hand in a step-by-step process lead- 
ing to  their first successful first packet QSO. 

The introductory section continues with infor- 
mation on possible problems, useful commands, 
and a discussion of high-frequency packet oper- 
ation versus VHF operation. You'll learn where 
to find additional packet information in maga- 
zines and newsletters and how to contact packet 
organizations, no matter where you live. 

The second section begins with a look at pack- 
et protocol. Information on the Xerox 820 com- 
puter for use as both a packet terminal and as 
a bulletin board are included. A special chapter 
on accessories takes a look at everything from 
special software to connect alarms. 

In other chapters, details on special packet 
operations (running a bulletin board, for exam- 
plel are outlined. The final pages include an ex- 
tensive appendix containing a handy glossary. 
a bibliography, and lists of pertinent addresses, 
frequencies, command summaries, and more. 

Get Connected to Packet Radio is available 
from Ham Radio's Bookstore, Greenville, N. H. 
03048, for $12.95 plus $3.50 shipping and 
handling. 

MFC sells ham products 
division 

Microwave Filter Company. Inc. has sold its 
UnadillalReyco Amateur Radio Products D iv i~  
sion to Ralph H. Jannini of Antennas. Etc.. of 
Andover. Massachusetts. The division produced 
baluns, traps, switches, and antenna kits that 
were distributed through approximately 200 deal- 
ers nationwide and to exporters in Canada. 
South America, and Europe. Jannini will add Un- 
adillalReyco to his present operations and will 
continue to serve MFC's Amateur Radio cus- 
tomers. 

For information on UnadillalReyco products. 
contact Antennas, Etc.. 16 Hansom Road, An- 
dover. Massachusetts 01810. 

ANTENNA 
And MAST ADAPTERS 
TOWER 
ACCESSORIES /yLfj izw 
lly pl 

BEAM MOUNT 

St.ndoll188.50 
NEW FREE CATALOO NOW AVAILABLE 

I I X  EQUIPMENT LTO. 
P.O. Box 9 Oaklawn. IL 60454 

1312) 123-OW5 fl 122 

SERVICE CENTER 
for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER LIC 

Mon-Fri 10:OO-4:00 pm 
(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D 
23332 58th Ave West 

Mountlake Terrace. Wa 98043 = B C 0 D S Welcome / 124 

f \ 

FREE 
BOOK 
FLYER 

Send SASE to 

Ham Radio's Bookstore 
Greenville, N. H. 03048 

\ J 

2.30 MHz 1 I V i '  R V J  
P N  ; 4 , ( '  8 c; 1 . i  r8 A<,,!, # I  1': 

MRF412.IA BOW 18.00 45.00 
MRF421 0 100W 22.50 51.00 
MRF422' 150W 38.00 82.00 
MRF426.1A' 25W 18.00 42.00 
MRF433 12.5W 1200 30.00 
MRF449,IA 0 30W 12.50 30.00 
MRF450.IA 0 SOW 14.W 31 .OO 
MRF453.IA 0 60W 15.00 35.00 
MRF454,lA 0 BOW 15.00 34.00 
MRF455.1A 0 BOW 12.00 28.00 
MRF458 BOW 20.00 46.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40W 11 0 0  25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 0 90W 16.75 37.50 
SRF2072 0 65W 13.00 30.00 
SRF3662 0 11OW 25.W 54.00 
SRF3775 0 75W 14.00 32.00 
SRF3795 0 90W 16.50 37.00 
CD2545 SOW 23.03 52.00 
SD1487 0 100W 36.00 76.00 
2SC2290 60W 15.W 36.00 
2SC2879 0 lOOW 25.W 56.00 
1 t;t,lr.crrd Hngh i;.l8n M a l r h ~ r l  Ouads 4va,l.rhl+' 

VHFlUHF TRANSISTORS 
R,arrrrg MH: Vrr  Ea March PI 

MRF212 10W 136.174 (16.00 - 
MRF221 15W 136.174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136.174 13.50 32.00 
MRF237 4W 136.174 3.00 - 
MRF238 30W 136.174 13.00 30.00 
MRF239 30W 136.174 15.00 35.00 
MRF240 40W 136.174 18.00 41.00 
MRF245 BOW 136.174 28.00 65 00 
MRF247 75W 136.174 27.00 63.00 
MRF260 5 W  136.174 7.00 - 
MRF261 10W 136.174 9.00 - 
MRF262 15W 136.174 9.00 - 
MRF264 30W 136.174 13.00 - 
MRF607 1.75W 136.174 3.00 - 
MRF641 15W 407-512 22.00 49.00 
MRF644 25W 407.512 24.00 54.00 
MRF646 40W 407.512 26.50 59.00 
MRF648 60W 407.512 33.00 69.00 
SD1441 (SOW 1,36.174 74.50 170.00 
SD1477 lOOW 136.174 32.50 78.00 
2N3866' 1W 30.200 1.25 - 
2N4427 1W 136.174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2N6080 4W 136.174 7.75 - 
2N6081 15W 136.174 9.00 - 
2N6082 25W 136.174 10.50 - 
2N6083 30W 136.174 11.50 24.00 
2N6084 40W 136.174 13.00 31.00 

MISC. TRANSISTORS 6 MODULES 
MRF134 116.00 SAV6 $32.50 

SelPcled, malrnrd llnals foe Icurn. Allas. Yarsu. Ken 
w o ~ d . C u h ~ c  TWCPIC T~~hn~(.alass~slanceandcross~ 
ielerencerrn CD. PT. SD SRF and 2SC PINS 

Ouanllry parls~s(l,q -ca l l  l o r q ~ o l e  

WE SHIP SAME DAY C.O.D.IVISAIMC 
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Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 
S S E  for New & Used Equipment List. 

Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 
T-F 10-7 SAT 9-5 

Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, UTE. 1 19 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, Icom, 

Kenwood 

Missquri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

TOO! 

California 
C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421-2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Colorado 
COLORADO COMM CENTER 
4262 LOWELL BLVD. 
DENVER, CO 8021 1 
(303) 433-3355 
(800) 227-7373 
Stocking 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 tiam 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. 

YOU Dealers: c ontact Ham Radio now for complete details. 

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. 
ORLAND, 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 
ICOM, Yaesu, Kenwood, KDK, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
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 

lllin ois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8100 Thurs; 9:OO-3:00 Sat. 

SHOULD BE HERE 
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Texas 

MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON, TX 77004 
7 13-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
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 

Wisconsin 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

REPEATERVOTER 

SEE 
YOU 
AT 

DAYTO 

4RV Four Channel Repeater Voter 

Signal lo ~ o l s s  Type 
Expandable to 32 Channel by ~ u s t  Adding Cards 
Designed for Commercial and Amaleur Service 
conl~nuous Instanl voling 
Dual or Single I 2  Voll Supply 
LEO lndlcalors o l  COR and Voled Signals 
Fronl Mounled Level Pots 
Built in Callbralor 
Remote Voled lndicalors Pinned Out 
4 %  " x 6' Double Sided Gold Plaled 44 Pin Card 
Unsquelched Audio lnpul 
On Board Audio Swllching and Mlxlng 
Audio Mixer Input Available tor Externat Input 
Open Colleclor or Relay Conlacl lnpul 
Open Colleclor NPN Oulpul 
Remote Olsable Inputs 
More 

4RV KIt lncludlng board and parts wllh 20 PWO 
manual.. . . . . . . . . . . . .  . . . ... . .  . . . . .  1200.M) 
Bulll,lsa1d.andcallbratdwlthmanua1. . . ,1350.W 
For more lntormstlon call or wrlla: 

VOTER Hall Elbctronlcs my8',\1 
81s E. Hudson Street 
coi~mbus. ohlo 43211 

/ 114 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 891 06 
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 10-9 
Closed SunlHolidays 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(301) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM. Lar- 
sen. Lunar. Astron. Wholesale - retail. 
QEP's 
1 10-4 ROUTE 10 
EAST HANOVER. N. J. 07936 
201 -887-6424 
Bill KA2QEP 
Jim KA2RVQ 
VISAIMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK;NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 
VHF COMMUNICATIONS 
915 NORTH 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. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro. NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH44092(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 
(51 3) 531 -4499 
Mon-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
614-066-4267 
Featuring Kenwood. Yaesu. ICOm. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM, Bird. Cushcraft. Beckman, 
Larsen. Amphenol. Astron, Belden. 
Antenna Specialists. W2AUIW2VS. 
Tokyo Hy-Power Labs. WELZ. Daiwa. 
Sony. Saxton. Vibroplex. Weller. 

Tennessee 

MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 
Kenwood. ICOM, Ten-Tec, Cushcraft, 
Hy-Gain. Hustler, Larsen. AEA, 
Mirage, Ameritron, etc. 



CONTENTS SHACK: List SASE. Ken Hand. WBZEUF. Box 
708, East Hampton. NY 11937 

-- 
COMING EVENTS 

flea ir market 
Activities - "Places to go . . ." -- ~ 

DISCOUNT C A N  CONVERTERSIDECODERS and Video ac- 
cessories. Send for free information and prices - it could save 
you BIG MONEY on your next purchase of these and other 
CATV items. Easy View, IHRI PO Box 221. Arlington Heights, 
Illinois KKK%. (312) 952-8504. Ask for Rudy Valentine. 

PENNSYLVANIA: The Nittany Amateur Radio Club's annual 
Mt. N iany  Ham Fenoval. July 12. Firemen's Carnlval Grounds. 
Pleasant Gap 8 AM lo  4 PM. Admission $3.00 per ham. Spouses 
and children free. Flea market space $5 lncludes admlswon. Pro- 
gram and good food available. Talk in on 146.161.76 Inorth and ELECTRONIC DESIGN exper~enced in RF, Audio, and 

Microprocessors. Complete laboratow and facilities. John Bat- 
tle & Associates. 1000 South Peachtree X101. Norcross. Geor- 
gia 30071. (4041 449-8536. 

WANTED: Operations manual Hammarlund 105TR. Andy Nagy, 
1444 Dill Road, South Euclid, Ohio 44121. 

west) 146.251.85 lsouth and east1 and 146.52. For information: 
Chuck McMullen. K3CM. 7 Holly Circle, State College. PA 
16801. 

MARYLAND: BRATS Hamfest and Computerfest, sponsored 
by the Baltimore Radio Amateur Television Society, Sunday. 
July 27. Howard County Fairgrounds. Rt. 144 at At. 32. West 
Friendship. lndoor tables with AC power $24 each; 4lS75. 
Without AC power $10 each: 101595 by advanced registration 
only. Dealer setup Saturday 2 PM. Sunday tailgating space $4 
per space. Free VE exams 11 AM Sunday, no advanced regis- 
tration required. Talk in on 63/03. 16176 and 52. For informa- 
tion and reservations: W3GXK. BRATS, PO Box 5915. 
Baltimore, MD 21208. 

YAESU OWNERS: Hundreds of modifications and improve- 
ments for your rig Select the best from fourteen years of genuine 
top-rated Fox-Tango Newsletters by using our new Comprehen- 
sive Index. Only $4 postpaid with Rebate Certificate creditable 
toward Newsletters purchases. Includes famous Fox-Tango 
Greensheet and Filter information for your rig (if specified). 
N4ML. FTC, Box 15944. W. Palm Beach. FL 33416. Telephone 
13051 683-9587. 

R A T E S  Noncommercial a d s  100 per  word; 
commercia l  a d s  600 per  word both p a y a b l e  
In advance.  N o  cash discounts or  agency com- 
missions allowed. 

H A M F E S T S  Sponsored by non-profit or- 
ganizations receive o n e  f ree Flea Marke t  a d  
(subject to  our  editing) o n  a space  available 
basis  only. Repea t  insertions of  hamfest  a d s  
p a y  the  non-commercial rate. 

COPY N o  special layout or  arrangements 
available. Mater ia l  should b e  typewritten o r  
clearly printed (not all capitals) a n d  must  in- 
c lude full n a m e  a n d  address. W e  reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check e a c h  advertiser a n d  thus cannot b e  
he ld  responsible for claims m a d e .  Liability for 
correctness of  material  limited to  corrected a d  
in  next  available issue. 

D E A D L I N E  15th of  second preceding 
month. 

S E N D  M A T E R I A L  T O :  F l e a  Market ,  H a m  
Radio,  Greenvil le,  N .  H .  03048. 

MICHIGAN: The 38th annual upper Peninsula Hamfest, spon- 
sored by the Delta County Amateur Radio Association, Satur- 
day. August 2. Bay Oe Noc Community College, Escanaba. 
Registration $2. Activities, meetings, swap and banquet. For in- 
formation:Aileen Gagnon. WA8DHB. Co-Chairman. 9159 Bay 
Shore Drive, Gladstone. MI 49837. 

IBM-PC RTTYICW. CompRW II IS the complete RTTYICW pro- 
gram for the IBM-PC and cornpatables. Virtually any speed AS- 
CII, BAUDOT, CW. Text entry via built-in screen editor1 10.000 
charabter transmitlreceive buffers. Adjustable split screen dis- 
play. Instant modelspeed change. Hardcopy, diskcopy, break- 
in buffer. select calling, text file transfer, customizable full screen 
logging. 24 programmable 1OOO character messages. Now with 
WRU (simple mailboxl. Ideal for MARS and traffic handling. Re- 
quires 128k PC, XT, AT. PCjr. PC-DOS, serial port, RS-232C 
TU $65. Send call letters (including MARS) with order. David 
A. Rice. KCZHO, 7373 Jessica Drive. North Syracuse, NY 13212. 

WEST VIRGINIA: The 27th annual West Virginia State ARRL 
Convention, Fr~day evening July 4 through Sunday. July 6, Jack- 
son's Mill State 4-H Camp near Weston, Lewis County. Recep- 
tion Friday evening. Exhibits, tech forums, equipment auction 
and pizza party. Free flea market space for registrants. Plenty 
of family fun. For informe1ion:Sue Goodwin, 103 Cleveland 
Avenue, Nitro, WV 25143. ATTENTION AMATEURS Send for Free discount catalog. 

Amateur Communications, 2317 Vance Jackson. San Antonio. 
TX 78213. 1513) 734-7793. KENTUCKY: The Central Kentucky ARRL Hamfest, sponsored 

by the Bluegrass Amateur Radio Society, Sunday, August 10, 
8 AM to 4 PM. Scott County High School, Longlick Road and 
US Rt. 25, Georgefown.Tickefs $4.00 advance: S5.M at thegate. 
Tech forums, license exams, awards and exhibits. Air- 
conditioned facilities. Free outdoor flea market space. For in- 
formation or tickets: SASE to Scott Hackney, K14LE. 629 Craig 
Lane, Georgetown. KY 40324. 

BEAM HEADING CHART. 10 page report In blnder w~th  9 data 
fields calclllated lrom your exact QTH to owr 540 DX locations 
$9.95 fron~ John Daley. KBGJGk. PO Box 4794. San Jose. CA 
95150 - 
8877 VHF AMP KITS: HV power supplies. CX600N relays. Mu- 
Tek LTD front end boards for IC251 lIC271, EME newsletter and 
QRO parts. SASE for new catalog. KB70. "Q" Products. 417 
Staudaher Street, Bozeman, MT 59715. 

. 

PENNSYLVANIA: The 49th annual Hamfest sponsored by the 
South Hills Brass Pounders and Modulators ARC. Sunday. Au- 
gust 3, south campus of Allegheny Community College. West 
Mifflin. 7 mlles south of Pittsburgh Talk in on 146.13173 and 
146.52 For ~nformatlon~ Doug Wllson. WAYNP. 185 Orchard 

ANNOUNCING Iowa's new Computer BBS. 13191 557-9658.24 
hours par day. Contact User -8. A19D for more information. 

-- - 
IBMIAPPLE COMPUTER full feature log program, "Hamlog". 
Send SASE KAIAWH, Box 2015. Peabody, MA 01960 

-- 

Avenue, Emsworth, PA 152@. 

NEW YORK: Electronics Extravaganza sponsored by the Put- 
nam Emergency Amateur Repeater League, Saturday, August 
16, J.F. Kennedy Elementary School, Brewster. 9 AM to4 PM. 
Admission $3.00. Children under 12 free with adult. Food and 
refreshments available. lndoor tables, with one admission, 
$10.00. Tailgating $5.00. FCC exams. Limited walkins. Talk in 
on 144.5351145.135, For table reservations or information: R. 
Dillon, N2EFA. RFD 7, Noel Court. Brewster, NY 10509. 

TRANSFORMERS wound to 300 watts. Peter Robson Co.. 18 
Washington Trad. Hopatcong. NJ 07&13. 

OX ANTENNAS FOR 160-10 METERS. Small size broadband. ELECTRON TUBES: Radio, TV & Industrial Types - Huge in- 
ventory Send for 80% off tube listing. Call Toll Free 1800) 
PI-5802 or write Box HR. Transleteronic, Inc., 136539th Street, 
Brooklyn. NY 11218 1718) 633-2800. 

- - - -  - - -  .- - 
hgh performance Also, antenna pans Beverage insulators wrre 
and cable Low prlces and fast servlce SASE for catalog WlFB 
Oak Hills Research, PO8 250. Luther. MI 49656 

PENNSYLVANIA: The Mid-Atlantic Amateur Radio Club's an- 
nual Hamfest. Sunday. AuguR 10. Bucks County Drive-in Theat- 
er, Rt. 611. Warrington. 8 AM to 3 PM. Rain or shine. 
Admission $3.00 plus $2.00 for each tailgate space. Bring your 
own tables. Talk in on WB3JOE/R. 147.66/.06 or 146.52. For 
information: MARCBox 352, Villanova, PA 19085 or call Bob 
Josuweit, WA3PZO 12151 449-9727. 

TEXAS: Texas State ARRL and Texas VHFIFM Society's joint 
convention. July 11-13. El Tropicano Hotel. 110 Lexington, San 
Antonio. Hospitality suites. licensed day-care, QCWA breakfast. 
Saturday evening banquet. ARRL forum. For inforrnation:Melvin 
H. Anderson, Jr. 8932 Saddle Trail, San Antonio. TX 78255 15121 
698-1712 or 698-1714. 

CABLE TV CONVERTERS 81 EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C & D Electronics. PO Box 
1402, Dept. HR. Hope, AR 71801. 

THE GOOD SAM HAMS inv~te RV operators to check in the 
Good Sam Ham net 14.240 Sundays 1S1MZalso 3 .W Tuesdays 
ar 235.92. Net control N5EON. Clarksville, IN 

COLLlNS STATION 7553 receiver. 32S1 transmitter, 516-F 
speaker and PIS, connecting cables, extra clean $600. K6KZT. 
2256 Alexander, Los Osos, CA 93402. 

OLD RADIO transcription discs wanted. Any size, speed. 
WFIZ.  Box 724 HR. Redmond, WA 98073-0724. 

- -- 
RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$10 00 Beginners RmY Handbook $8.00 PO Box RY. Cardiff. 
CA 92007 

WANTED: Meter for Gonset GSB-100 transmitter. Gary Embler, 
732 College Avenue. Palo Alto. CA 94306. 14151 424-1483. 

IMRA, ~nfernat~onal M~ss~on Rad~o Assoc~atlvn helps mlsslon 
ar~es Eqlr~prnerot ,oaned Weekday net. 14.280 MHz. 2 3 PM 
Eastern t~gh t  hundred Amateurs In 40 countrles Brother Frey, 
1 Pryer Manor Road. Larchrnont. New York 10538 NEW JERSEY: SCARC '86. sponsored by the Sussex County 

ARC, July 19. Sussax County Fairgrounds, Plains Road, Au- 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Auslna 
Ksrrn Uebsr 

Canada 
Send orders la 

Poslfach 2454 Ham Radlo Magazine 
D 7850 Loerrach 
West Germany 

Gresnvtlle NH 03048 USA 
Pr~ces ~n Canadtan funds 

nam Radto blgcum 1 yr $29 95 2 yrr $53 30 
Swrsohou~s 3 yrs $75 40 

B~usIYH~u~teenwW 416 
09218 Genl 
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Ham Radlo Holland VIB Manlago 15 
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Ham Radla Europe 
B o x  20B4 Ham Badlo Switzerland 
S 194 02 Upplands Varby Karl" Ueber 
Sweden Posllach 2454 

D 7850 Loerrach 
Ham Radlo France We11 Germany 
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20 bts &re des Clarions 
F 89000 Aurerre 
France Ham Radlo England 
Ham Radla Germany 
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Kartn Usmr 
PosfIaCh 2454 

Cranbarne Road 
Pollerr Bar 
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WBSI Germany England 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. SASE 
brings ~nformat~on. 

gusta. Doors open 8 AM. Registration $3.00. Indoor tables 97.M 
each. Tailgate space $5.00. Food and refreshments. Free park- 
ing. Talk in on 147.90130 and 146.52. For information: Donald 
R. Stickle. K20X. Weldon Road. RD 4. Lake Hopatcong, NJ 
07849. 1201 I 663-0677. ELECTRON TUBES: Recelvlng transmlttlng, microwave all 

types ava~lable arge Rock Nen day dellverv most cases Dally 
Electron~, s. PO Box 5029 Compton. CA 09224 (2131 774 1256 PENNSYLVANIA: The Murgas Amateur Radio Club's 7th an- 

nual Hamfest, July 6, Ice-A-Rama in the Coal Street Sports Com- 
plex, Wilkes-Barre. Setup 6 AM. General admission 8 AM. 
Tables available by advance reservation. VE exams. Talk in on 
106 61. 53 61 and 146.52. For information or to register for VE 
exams call (7171 388-6863. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape. 
colors. Five patch minimum. Free sample. prices and ordering 
rnformdtion. Hein Specialties, lnc . Dept 301, 4202 N. Drake. 
Chicago. IL M)618. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nlckel, San Pablo. CA 94806. 

PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A&A Engineering, 7970 Orchid Drive. 
Buena Park, CA 90620. 17141 521-4160. 

INDIANA: The WASSNT Amateur Radio Club will hold its an- 
nual Swapfest, August 9. ITT Technical Institute, 951 1 Angola 
Court, Indianapolis. 8 AM to 4 PM. General admission $2.00. 
Students $1.00. Flea market space $1.00 additional. Setup time 
6 AM. Auction, large flea market, refreshments avialable. ITT 
Technical Institute will hold an open house during the  swap^ 
fest. All interested are invited to tour the facilities. For addition- 
al information: Dave Johnston. KSHDQ, c/o ITT Technical 
Institute, 9511 Angola Court, Indianapolis, IN 46368. 13171 
875-8640. 

CABLE TV CONVERTERSIDESCRAMBLERS. Guaranteed 
lowest prices ill US. Jerrold. Haml~n, Zenith-. Many others. 
Lowest dealer prices! Orders shipped within 24 hours1 Master- 
card. VISA, COD accepted.Free Catalog - call 1800) 3468927 
only Pdctfic Cable Co., Inc., 7325.112 Reseda Blvd,#1014. Rese- 
da. CA 91335. 18181 716-5914. 

-~ -- 

WISCONSIN: The Eau Claire Amateur Radio Club's annual Ham- 
fest. Saturday. July 12. 4-H Buildings in Eau Claire. 8 AM to 
4 PM. Tickets $3.00. Free tables and coffee. Talk in on 31191 
and 52 simplex. For informationftickets SASE to Gene Lieberg, 
KASDWH. 2840 Saturn Avenue,Eau Claire, W1 54703. 

--- 

CHASSIS and cabinet kits. SASE K3lWK. 5120 Harmony Grove 
Road, Dover, PA 17315. 
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new technique 
lasers to etch 
microchips 

uses 

In the tradit ional process for 
manufacturing ICs, as many as 100 in- 
dividual steps may be required. Each 
step introduces the possibility of error 
and increases the risk that the finished 
product will contain some flaw that 
renders the chips unusable. Depend- 
ing on the size and complexity of the 
chip, less than half of the finished 
wafer may yield acceptable chips, leav- 
ing the surviving chips to recover the 
entire cost of fabrication. 

Not surprisingly, IC manufacturers 
are constantly seeking ways to im- 
prove yield and reduce costs. In one 
new technique, a laser used as a pho- 
toetching device scans the surface of 
a silicon wafer in the presence of cer- 
tain gases. Under static conditions, 
these gases have no effect on silicon; 
the energy of the laser, however, 
decomposes the gases into com- 
pounds that define active elements 
and interconnects by either etching 
away unwanted material or by depo- 
sition onto the substrate. The source 
and drain regions of a transistor are 
made by doping the silicon with phos- 
phorus, which the laser creates by 
breaking molecules of phosphine gas. 
Hydrogen chloride, which serves as an 
etchant, is activated by the thermal 
energy of the laser beam. Intercon- 
nects on the chip are made by similar- 
ly decomposing gases that contain 
tungsten, nickel, and polysilicon. 

One of the major incentives for this 
new method is a national program, led 
largely by the Departments of Defense 
and Energy, to develop new classes of 
supercomputers. Much of this work 
has been done at the Lawrence Liver- 
more National Laboratory, where ex- 

periments indicate that the technique 
can produce as many as 1000 transis- 
tors per second. At this rate, it would 
be possible to fabricate supercomputer 
chips - consisting of about 100,000 
transistors each - at the rate of one 
per day. 

Other exciting possibilities include 
repairing damaged high-value chips 
and turning a new design into a pro- 
totype chip in one day or less, as op- 
posed to today's turnaround time of 
one to four weeks. 

One company (XMR of Santa Clara, 
California) already offers commercial 
equipment for this technology. If the 
technique achieves its promise, we can 
expect a whole new generation of 
advanced-capability semiconductors. 

"WaferScale" integration 
Still on the subject of semiconduc- 

tors, and one of the major beneficiaries 
of laser fabrication, is another tech- 
nique just coming into its own - 
WaferScale integration. This tech- 
nique uses the surface of a silicon 
wafer to implement an entire function- 
al capability. Examples include com- 
plete 32-bit microprocessors, with 
memory and all relevant I10 functions, 
a "silicon" hard disk with 20Mb of 
storage, RAM speed, and all disk con- 
troller functions on a single wafer. 

This technique promises to make 
very complex functions available in a 
single package. But this improvement 
is not without peril. Because of the 
large amount of circuitry and the ex- 
tensive processing required on such 
devices, any mistake in fabrication 
results in a very expensive piece of 
scrap. Also, the large number of cir- 
cuits and functions possible with WSI 
makes packaging considerations a 
major concern; it may be necessary to 

have hundreds of pins on a very com- 
plex functional element - more than 
can now be accomodated. However, 
the general benefits of WSI seem to 
justify the complexities of making such 
devices, and within the next few 
months the first few WSI products are 
expected to be announced. 

new super-magnet 
makes smaller motors 

An essential component of many 
motors is the large, heavy permanent 
magnet associated with the non- 
excited element of the motor. Magne- 
quenchTM, a new product developed 
by the Delco Division of General Mo- 
tors, is about 25 percent stronger than 
any other known magnetic material. 

Currently, the most widely used 
high-power magnets, composed of 
samarium-cobalt, are expensive and 
difficult to manufacture. But GM's 
new material is so low in cost that the 
auto maker plans to use the material 
in starter motors on some 1986 cars. 
GM reports that only 5 ounces of the 
material are needed for the newly 
designed motors. 

This tremendous saving in weight 
and size offers several benefits. Using 
a smaller, lighter starter, for example, 
simplifies design of the engine area. 
Using Magnequench instead of con- 
ventional magnets in all the control 
motors of a car would presumably 
produce a measureable effect on fuel 
economy as well. 

Because samarium-cobalt is the 
material sometimes used to make very 
small, high-performance loudspeakers, 
it should be interesting to see if the 
speakers manufacturers put in our HTs 
get any better as supermagnets be- 
come more widely available. 

ham radio 
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STUDY GUIDES 
AMECO STUDY GUIDES 
Designed for VEC Exams 
AMECO study Guides are taken from the FCC Ama- 
teur Exam syllabus. PR-1035 and have answers 
keyed to ARRL's recently released study material . 
These stud guides are compatible with ARRL and 
all other V ~ C  Exams . While nothing can guarantee 
that you will pass . AMECO Study Gu~des will make 
sure that you are fully prepared and ready to go 
when you sit down for the exam . Wr~tten in clear. 
concise. easy-to-read format. each question fully 
explained Novice and General books cross refer- 
enced to AMECO's 102-01 for a more thorough 
explanation 
I 127-01 Novice Class Softbound $3.50 
I 112-01 General Class Softbound $4.95 
I 126-01 Advanced Class Softbound $4.95 
1 17 -01  Extra Class Softbound $4.95 
I IAM-1 Get All  Four $14.95 

ARRL Q&A LICENSE MANUALS 

ARRL Q&A L~cense Manuals are keyed to the latest 
FCC Exam syllabi now in use by the Volunteer 
Examiners . These books are written in an easy-to- 
read conversat~onal style that enhances understand- 
ing without scaring the student away . All technical 
subject areas are explained in clear terminology and 
with plenty of illustrations. diagrams and schematics . 
Rules are also fully covered . Each book has the of f -  
c ~ a l  ARRL mult~ple cholce questlon Pool wlth 
answers and a key to the FCC Exam syllabus for 
reference to other study publications . These are the 
study guides to have All books Cc) 1985 1st Edi- 
tions . 
i IAR-TG General Softbound 55.00 
I IAR-AG Advanced Softbound $5.00 
I IAR-EG Extra Softbound $5.00 
I IAR-SG Get All  Three $12.95 

NEW TITLES 
FIRST STEPS IN RADIO 

by Doug DeMaw, WlFB 
This new anthology has been taken from DeMaw's 
84 and 85 series in QST magazine It has been writ- 

ten to give beginners the basic electronic theory 
needed for upgrading and the ins and outs of how 
radios work . Using a building block approach . 
DeMaw first explains what the different componants 
are. then assembles them Into basic c~rcuits and 
ends up with how these circuits work in your radio . 
You also get articles on antennas. propagation and 
beginners level RFI problems and suggestions on 
how to resolve them . Great revlew for more 
experienced Hams . Perfect for the beginner . (C 
1985 . 
I IAR-FS Softbound $4.95 

LANDMOBILE AND MARINE RADIO 
TECHNICAL HANDBOOK 

by Edward Noll, WJFPJ 
This is THE HANDBOOK for those who operate . 
install or servlce two-way radios . Covers private 
landmobile services. marine rad~otelephone and radl- 
otelegraph. marine navigation and C~tizen's Band . An 
excellent reference book for those studying to pass 
the NABER technician certification exam . Areas 
covered include . transmiss~on characteristics and 
modulation systems. basic solidstate theory. digital 
and microprocessor electron~cs. antenna systems . 
test equipment . repeaters and much more . 'c) 1985 
1st edition 576 pages . 

122427 $24.95 

THE COMMODORE 
HAM'S COMPANION by J im Grubbs, K9EI 
Here's your guide to using the Commodore C-64 
computer In your Ham shack . Good solid information 
on where to find software and hardware for CW. 
RTTY. AMTOR . S S N  . propagation prognostication . 
antenna modeling. satellite track~ng and much more 
Includes a list of over 80 sources of software and 
hardware . Also includes a bibliography of over 60 
magazine articles and revlews about uslng the Com- 
modore . (41985. 160 pages . 1st edition . 
I IJG-CC Softbound $15.95 

Please add $3.50 to cover 
postage and handling . 

Ham Radio's Bookstore 
Greenvi l le ,  NH 03048 

ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Listed be low are t h e  page number a n d  reader service number fo r  each company  advert ising i n  rh is  issue . T o  ge t  
more  infortnation o n  their adverttsed products. use the  bind-in card found  elsewhere in this issue. select t he  correct 
reader service number  f rom either t he  a d  o r  this listing. check o f f  t he  numbers. fill i n  your  name a n d  address. 
aff ix a postage stamp and return t o  us  . W e  wi l l  prompt ly  forward your  request t o  t h e  advertiser and  your  requested 
infortnation should arrive short ly . If t he  card is missing. send al l  t h e  pert inent in format ion o n  a separate sheet 
o f  paper to :  h a m  radio magazine. A t tn :  Reader Service. Greenville. NH 03048 . 

READER SERVICE # PAGE # 
148 . AIIN . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 

197 Advanced Computer Cont~ols. Inc . . . . . . . . . . . .  13 
136 . Advanced Rece~ver Research ..................... 96 

.- 181 . AEA ..................................................... 42 
160 . All Electronics Corp .. . . . . . . . . . . . . . . . . . . . . . . . . .  ........ 68 

- 130 . Alpha Delta Comrnvntcations. Inc . . . . . . . . .  98 

- 144 . Aluma Tower Co . . . . . . . . . . . . .  90 
1 M  . Amateur Wholesale Electron~cs . . . . . . . . . . . . . . . . .  63 

- 2 M  . Amidon Associates . . . . . . . . . . . . . . . . . . .  71 
- 152 . AMSAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
- 1 I6  Afchway Data Systenis . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
2 0 1  . AHRL . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 

- 186 . Astron Corp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

- " . Bcirker Et Williamson ........................... .... 60 
- ' . B.~rry Electron~cs .................................... 84 
- 170 . Bt~ncomm Technology .............................. 58 

191 . Buckmaster Publishing ............................... 24 
173 . Burghardt Amateur Center .......................... 48 

_ Butternut Electronics . . . . . . . . . . . . . . . . . . . . . . . .  24 

- 165 . Coaxial Dynamics . Inc ............................... 60 
188 . Communication Concepts . Inc ...................... 24 

_ 107 . Conimunications Spec~alists . . . . . . . . . . . . . . . . . . . . .  112 

- 1 7 2 C T M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
206 C~lshcraft Corp 30 .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D~ck Sm~th Electronics . . . . . . . . . . . . . . . . . . .  84 

- 202 - Dig~trex . . . . . . . . . . . . . . . . . . . . . . . .  71 

151 . Doppler Systems ....................................... 84 
138 . Dawn East Microwave . . . . . . . . . . . . . . . . . . . . . .  94 

- 111 . Et.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
. .............................................. . - 203 EGE Inc 71 

162 The Electronic Orphanage 71 .. . . . . . . . . . . . . . . . . . . . . . .  
~- . Er~g~neering Consulting . . . . . . . . . . . . . . . .  81 
.. 189 . ESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

159 . Fs~r Rad~o Sales . . . . . . . . . . . . . . . . . . . . . .  108 
109 . Fluke Mfg . Co . . . . . . . . . . . . . . . . . . . . . . .  107 
163 Fox International. Inc . . . . . . . . . . . . . . . . . . .  65 

. Fox Tango Corp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
184 . G1.B Electronics . . . . . . . . . . . . . . . . . . . . . .  32 
141 . Grove Enterprtses . . . . . . . . . . . . . . . . .  94 
134 H L Heaster . Inc . . . . . . . . . . . . . . . . . . . . .  99 

-- . . . . . . . . . . . . . . . . . . . . . .  187 H.11 Communications Corp 29 
114 . H, 111 Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 

-- 171 . H . m  Radio Outlet . . . . . . . . . . . . . . . . . . . . .  56. 57 
H.lm Radio's Bookstore . . . . . . .  60 . 64 . 97 . 110 

. Ttbe Ham Statton . . . . . . . . . . . . . . . . . . . .  90 

_ ' . H.trntronlcs, NY ................................... 55 
- 126 . H.~nitron~cs . PA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

. . . . . . . . . . . . . . . . . .  ' H.~mtron~cs. PA 65 

- . Huron Leasing . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
200 . ICOM America . Inc . . . . . . . . . . . . . . . . . . . . .  Cover II 

- -- . . . . . . . . . . . . . . . . . . . . . . . . . .  122 IXX Equipment 103 

119 . Jrnsen Tools. Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
199 . K.~nrronjcs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .. 

- 110 . Kk!ndecomIMCS ............................... 111 
. Trio~Kenwood Communications ... 2 . 5 . 7 . Cover IV 

- 149 . K~:pro Circu~t Systems. Inr ....................... 102 
- 167 Lxsen Antennas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
- 196 . L~lxor (North America) Corp . . . . . . . . . . . . . . . . . . .  15 

183 . Madison Electronics Supply . . . . . . . . . . . . . . .  34 
- 132 . Elaine Martin . Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 

READER SERVICE # PAGE # 
1 6 9  . Glen Martin Engineering ............................ 58 
1 9 8  . MFJ Enterprises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
-121 . Milliwatt Books ..................................... 48 
-139 . Minds Eye Publications ........................... 94 
1 7 7  . MirageIKLM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
1 9 2  . MirageIKLM . . . . . . . . . . . . . . . . . . . . . . . . .  20 
1 5 3  . Multibotics. Inc ....................... .. ........... 86 
1 4 7  . N&G Distributing Corp .............................. 89 

1 8 0  . Naval Electronics, Inc .............................. 44 
-154 . Nemal Electronics .......... ..... .................... 86 

-194 . NAG ............................ .. ..................... 19 
-155 . Nuts b Volts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
-193 . P.C. Electron~cs ....................................... 19 
-140 . Pac-Comm Packet Radio Systems, Inc . . . . . . . . .  97 
-124 . Pacif~c Rim Communicattons ........................ 103 
1 6 8  . Pilgram Video Products ........................... 58 
1 1 8  . Pipo Communications ........................... 107 
-146 . Pipo Communications .......... ... .................. 90 
1 2 7  . Processor Concepts . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
.- 190 . Processor Concepts ................................. 24 

-185 . The PX Shack .......................................... 32 
113 . OEP's ................................................. 108 

........... . ................... 1 4 2  OSKY Publishing .......... 94 
-157 . RadioKlt .................................... .... ....... 108 

1 7 9  . Radiosporting ........................................... 44 

1 4 3  . Ramsey Electronics . Inc .............................. 95 

- ' . RF PartsIWestcom Eng ............................ 103 
-133 . Roensch Microwave ................................. 98 

. .  156 . S~ l~con  Solut~ons. Inc ................................. 96 
- . Spec-Com ............................................ 98 
_ . -195 . Spectrum Internattonal. Inc ......................... 17 

1 2 0  . Spi-Ro Distributing .............................. 96 
.- 150 . STVIDnSat ........................................... 102 

1 1 5  . Sultronics ................................................ 107 
1 3 1  . Synthetic Textiles . Inc ....................... .......... 98 

....................................... 161 TE Systems 97 

- . 128 Technical Development Systems . . . . . . . . . . . .  101 
* ~ 

. - Ten-Tec .................................. ..4 9. 65 
1 7 4  Transverters Unlimited ................................ 48 

................................... 1 7 5  Un~ty electron~cs 48 
. ............................... University Microfilm Int 60 

1 1 2  . Vanguard Labs ...................................... 108 

-182 . Varian ...................................................... 41 
1 0 7  . Volunteer Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
1 2 9  W9INN Antennas ............... .. . . . . . . . . . . . . . .  101 

. ........................ 1 3 7  Webster Communications 84 
1 4 5  . Western Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
-135 . World Tech Products . . . . . . . . . . . . . . . . . . . . . . . . .  99 
1 0 8  . Yaesu Electronics Corp ..................... Cover Ill 

PRODUCT REVlEWlNEW PRODUCT 
3 0 6  . Advanced Computer Controls . . . . . . . . . . . . . . . . . .  100 
-308 . Alpha Delta Commun~cations . . . . . . . . . . . . . .  101 

" . Hamtronics . NY . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
305 . Heath Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

--- 303 ICDM America . Inc .................................. 99 
-307 Kantronics .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 

. .................................... 3 0 4  MFJ Enterprises 99 
3 0 2  . North American Soar Carp . . . . . . . . . . . . . . . . . . . . . .  99 

309 . Universal Electronics . . . . . . . . . . . . . . . . . . . . . . . . .  101 

*P lease  c o n t a c t  this advertiser directly . Limit 15 inquiries per request . 
Please use before August 31. 1986 . 

110 July 1986 



Message 
'ht!asferTM - 
Real-voice message system - - 
For any repeater or base 

Now you can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening t o  you speak, store messages in memory, and 
deliver messages on demand. I f  you can't be there t o  
deliver your messages let Message Master deliver them 
for you -any  messages in any language and in your own 
voice! 

Message Master connects easily t o  any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected t o  an autopatch device t o  
exchange messages between your radiosystem and the 
telephone network. 

Create messages just by talking. Message Master's 
'real-volce' technlque saves YOUR VOICE In dlgltal 
memory to dellver messages In your own volce, lan- 
guage and dlalect. 

Mailbox-style operatlon gives lndlvldual message 
delivery service to 100 system users. 

Easlly added to any repeater or base statlon for re- 
mote operatlon with only four connections. 

Special features Include callslgn Identlflcatlons, tall 
messages, and bulletln messages. 

Digital message storage provides instant playback of 
stored messages. 

Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets Yourexactneedsfrom * to8  
With 8 minutes of message storage it can store minutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would you like your callsign identifications, Serving all your repeater needs 
tail messages, and bulletin messages sent in 
real-voice? Message ~~~t~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 

too. Record several identification messages FORMANCE LEADERS with real voice, more autodial numbers, 

and it will even send adifferent ID each time. more synthesized voice and more features. 

~ l m o s t  like magic, Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when t o  send identifications and tail mes- formance and hiah value. - 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in  harsh RF environments. 

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

1: COMING SOON: A 4-channel re- 
ceiver voting system which oper- 
ates on true signal-to-noise ratio to 
extend your coverage by linking to  
remote receivers. 
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A fresh idea! 
Our new crop o f  tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch: no  counter 
is required. Frequency accuracy is astonishing +.I  Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our  TS-32 encoderldecoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones. And, o f  course, there's no 
need to mention our one day delivery and one year warranty. 

a Gp COMMUNICATIONS SPECIALISTS 
426 \\ r.51 7'aI1 :2\c11uc, Oranyc. (';~lilornia 02h67 
( X O O )  X54-0547/(';1liSornia: (714) 998-3021 
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Yaesu's big gun. The FT-980. 
DX and contest opelatlon is no 
place for a lightweight. 

That's why the FT-980 
combines the latest in HF tech- 
nology to give you the muscle 
to get you thr-ough. 

To begin wrth, its fr-ont 
panel gives you unsurpassed 
opelatlng flex~bility 

Store your- favor~te fre- 
quencles and operating mode 
independently In each of the 12 
memoly channels. 

Review the contents of any 
memory location without dis- 
tul-bing the QSO in progress 
with the checking function. 

Qulckly go fr-om one pr-o- 
grammed channel to another; 
or- meet your- buddy "five up" by 
srmnly touching a button. 

And you'll be hard- 
pressed to find a cleaner trans- 
mitter: In fact, our conserva- 
tively deslgned final amplifier- 
loafs at just a fraction of its 
rated output. And cuts d~stor- 
tion to new lows. 

Then consider the r-ecelver: 
A triple-convt:t-s~on design 
with sepante ilont ends for ham 
and genenl c13verage recep- 
tion. That way ham-band opel- 
ation is not cclmpr~mised. 

Also, cascaded IF filter-ing 
assures outstanding rejection 
of unwanted slgnals close to your 
operating freq~~ency 

Even I mperfect antennas 
are no prc)blem for the FT-980. 
Ther-es es:.ent~~llly no tur-n- 
down with an SWR of 2:1 and just 
25% turn-down at 3:l. 

Finally ~f all th~s isn't 
enough, hook up the FT-980 to 
your- personal computer for 
21 advanced functions lnclud~ng 
mode, frequency and band 
sh~ft An assortment of interfaces 
and software ar-e available 

So when you really want 
to flex your- muscles go wlth 
Yaesu's FT-980 The sel-lous tadlo 
for- the serlous opetatol- 

besu USA . . l ~ ~ l ~ ~ v ; ~ ,  ;.,p,,,,!,~ I ..,. , I ~ $ , , . ,  I. j+'*sjl' 

(-'\.I .$M~L?lXl 

Yaesu Cincinnati Service Center 
; , , , . I  .., [ > . \ ,  I I , .  . .  ,,,; , , I  1.q'Ili 

( : ; . , i ; , l  q(f8 

Pr~ces and rpeuficat8onr rublect to change w~chour notlce. 



Power-Full.. .70 Watts! 
"M - 2 5 7 O A I 2 5 5 0 ~ 1 2 5 3 0 ~ 1 3 5 3 0 ~  l-i~qti ~ ) I~ I~OI I I I ; I I ~~  (! G;IA\ FET Iton! end 
Sophisticated FM transceivers l t ~ l  f ' l v f x ~  
Kenwood sets the pace again! Front lanc.1 pri~~r; lrnrn;~ble 08- tonr  I l l iLOW 1'crwr.r ?,wttc:li (;+dl~~:.tahle 

The all-new "25-Series" brings the CTCS!; ere ,drr includes 97.4 HZ L CIW pi3wr.r I 
industry's first compact 70-watt ( O ~ ~ I C ~ I I L I I )  IFvlV3'i:iOA c.overs 270 275 MHz 
2-meter FM mobile transceiver. 16.key DT~IF l,ad,wllh ;llldll,lr monlto! Dl<l1l;l1 c.:tl:llllll'l l-lllk lr~I)llO1l;llJ 

There is even an auto dialer which . ~ ~ ~ l ~ , ~ . ~ t ~ , ~ ,  lllnlnR another 
stores 15 telephone numbers! There K ~ ~ ~ ~ ~ , - J  exclusive! 
are four versions to choose from: . ~t(~,LILl, lel1,k ~,,,vl~l , 1 1  
The TM-257OA 70-watt. TM- 2s5oA New , I ~ w ; I ~  ;I~IL~s!;IIIIc! r ~ i u ~ ~ r i l ~ r i g  
45-watt,TM-2530A 25-watt and the ,vstcr,l 
TM-3530A 220 MHz, 25-watt. Unique of l r i~ t  ni~cro[i l inne c:onnector (U~cltnl Cotif! Sqclf?lcIl), the DCL systern 

First ;'(I w:~ l l  I-h.i 111ol11lr I I I.;] 7570At ~ri;~l)lr.:, yo111 r lc ]  to automatically OSY 
First IIIOI>II~~ II;II~S~:I~IVPI w11Ii t<91c% h-I ;In ri[Jc?n r:ti;~rinc~l. Pdc~w y c ~ u  c:.ln nu to^ 

1,Iit I r l i .  n ~ ~ ~ t ~ l > r r  r1it3rlrory and ;llltn rnc~t~i.;l l ly SWIII VI tover to a s~m[lIex 

!Il;~l(:r III[.I It] 15 : , c ! v ~ 7 r b ~ l ~ ~ l ~ t  I-III(.!I~C> 
1llllllI)f'r~;l 
I)IIIV t kt~yt10;11~1 f . s~ i t~y  01 ~IP(I I I~I I~-V Thc LICL sy<tcbnl srnrc:hr*s for an 
Autoni;ll~i rf'prl;~lr'r olf$t~t sc,lf'~ tlcln oy)eri c:li;~nnc.l, rr-~nicrnbt~rs 11, rel l~rns 

a Kenwood exclusive! ti, tht? or~plnal I r ~ c l ~ ~ e n c y  and transmlts 
l ~ x l e ~ i c l f ~ ~ l  lf1~(1!11~1ir.y i.over:~$]c, ~;orilrol ~ r i l r ~ ~ r r i ~ ~ ! t ~ i  ~ r i  10 ~1110ther DCL- 

lor hlAHS ; ~ n t l  CAP tl4:'-14!1 MH/. r?clulpp"il st:~tl)in lhnt sw~Ir:hc? both 

141 ~ l ! ) l  MH/ r i i o r l ~ I ~ a ~ - ~ l t ~ \  t i ~ t . l ~ c ! ! >  t i c  1111, c-trlfln 1-li;~111riel MICII:P . .?3 i l i ;~nlx?l  rrrrrniirv lor ntf<rll. [)roi c3,;srlr r c i r i t r r i l  ;rssurcs lasl and 

Ir~'r]ocnny nnrl SII~, t i ~ r l c .  
rt:l~;~hlr: oyp~r;!t~inn. I l ie whole process 
ti;l l~r)rn- In : l r i  lnsl;lnt1 

* n ~ g  nlult~vi c i l r ~ r  LCD ;In11 11;1i k 111 
(.0lill!71$ Inr e x c ~ l l r ~ n l  v ts t t~~ l~ ly  

. p s - 5 0 1 .  ; . .  , ; ;  , , , : ; '  . : A c t ~ ~ a l  size front panel 
MC-60A/MC-80/MC-85, 1, . i  I I "  

.MC-IR,  . '. i I , I  I.!! .pi~lI~ 111L I!\,'/Il '.wll. I1 

SW-~OOA/SW-~OOB > \ V i i ; ~ i , w i  .I ,It.rc, TRIO-KENWOOD COMMUNICATIONS 
SW-100A/SW-100B , ~ r l l l ~ . ~ ~  I i~ l 'J l i .  18, I~V<.I  n11.1r.r'. ,,:, , :: !,,,,:, !,, 

.SWT-1 . , IN  I ~ ! , , I  8 ,  I ! i , . \ v r  I ,,1,1 1. ., 8 ; ' , I  , , $ ,  : ' w ! ,  , ' < ,  

' .  . . , . .  1- , . , ,  :,, !,I...., .. ,." ' ! I  . ." 
.ill,: . .  I , . r  . . ; ' I  ,.,., :, . I ;  
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