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The IC-751 I s  the most 
advanced transceiver avail- 
able today. It 's a competi- 
t ion grade ham recelver. a 
1OOKHz to  30MHz continu- 
ous tuning general coverage 
receiver AND a full-featured 
al l  mode solid-state ham 
band transmitter. The IC-751 
also covers the new WARC 
bands, MARS frequencies, 
and i c  AMTOR compatible. 

important Standard 
Features. Compare these 
Important standard features in 
th~s "top of the I~ne" base 

FM Mode Standard 
High-grade FL-44A 455KHz 
SSB filter 
32 tunable Memories with 
lithium battery backup 
100% Duty Cycle Transmitter 
Passband Tuning 
12V DC operation 
Adjustable AGC 
Adjustable Noise Blanker 
RiT/XIT with separate 
readout 
IC-HMl2 Microphone with 
Up/Down Scan 
Continuously adjustable 
transmit power - p~ 

IC-SM6 desk mic, RC-10 exter- 
nal controller, and a variety of 
filters. 

FILTER SPECIFICATIONS 
C n m r  Mtl 

F m n  MO-1 F r 4 .  1KH.I 
(KHz1 Wldlh 

STANDARD mrms 
AM Cmmk C W 4 5 5  11 155 60 

IY) IPBTI X I N  FL-W 9011 5 2 3 

"4 FIW W15A POI15 I51-3BI 

OPTIONAL FILTERS 

OYN- FL-5ZA 455 OSM 

Operating From 12V, the 
IC-751 is also available with a1 
opt~onal internal AC power 
supply, the IC-M35 ... for the 
wlnnlng edge In field day 
compet~tion. 

station: 
-- - OYNaROV FI.5M 455 U.250 

Options. IC-EX310 speech ,, ,, ,.,, ,,, , , , ;:?c 1C-'I.! prov~des superlc 

IOOKHz - 30MHz Receiver synthesizer, internal IC-PS35 ,N,,, ,,.,, ,,,,, ,,, performance for all amateur 

lO5dB dynamic range power supply. external IC-PSIS ,Na, K-61 0,50 radio operators...from novice 
OSK - full break-in CW or IC-PS30 system supply. AM , mloo hO to extra class. See the IC-75 
(nominal speed 2OWPM) IC-SM8 two-cable desk mic. at your local ICOM dealer. 

Now with a ONE YEAR Warranty! -,. 

First in Comhwnication! 

ICOM Amerlca, Inc., 2360-116th AK NE, Bellewe, WA 98004 / 3331 Townmod D r h ,  Sulte 307, Dallas, TX 7523 
All Nned spxifiudonr are approximate a d  subfM lo  change witbut mlice or oMigatIon. All ICOM radlos rlgnlflunny exceed FCC rcgulnlonr llmlllnq t ~ l o u r  emlsrlon. 75131 .I 447 



PAKRATTTM Model PK-64 
shown w ~ l h  enhance!! 

* 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-64offers vir- 
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 simultaneously 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 alsooffers a hardware LED tuning 
indicator (like the CP-100) and a front 
panel variable threshold control for 
setting maximum sensitivity under va- 
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- 
munications 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 todo is wire up a microphone 
connector to the end of a cable(provid. 
ed) and you are ready to go. 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 Specifications Subject To 
Change Without Notice Or Obligation 

Advanced Electronic Applications, Inc. 
P.O. Box C-2160, Lynnwood, WA 98036-0918 AEA Brings you the 
(206) 775-7373 Telex 6972496 AEA INTL UW Breakthrough! 



The new TS-940s is  a serious radio 
for the serious operator. Superb 
interference reduction.circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design t o  give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. 

100' n duty cycle transmitter. 
S ~ r p ~ r  elf~crent cool~ng system Irslng 
sperlal ;ilr c t~rc t~n~l  works wllh Ihc nter- 
n:iI hcnvy-d~rty pr-lwei s~~pp l y  lo :lllow 
rnn l ln i ln~~s Ir;insm~ss~on at lull r )~v ,~er  
oulpc~t for perlorls ~xcecdlng nnc3 Ilour 
High stability, dual digital VFOs. 
An opt~c i~ l  ~?r~~-oder and thc I l y w ~ 1 ~ ~ 1  
VFO knob g~vc  thc TS-940s n [)osltlvr 
tunlng "feel" 
Graphic display of operating 
features. 
Exclusrve n11rlt1-111nct1on LCD sutl- 

tllsplay jl;~riel ,.l~i>wx CW V f i l .  I;SF 
slope tuning, 2s well as frecluency, 
tlnie, and AT- 11.10 nnlenna tuner status. 
Low distortion transmitter. 
Kenwnod',~, iln!clllc transmitter deslgn 
dellvers to11 "qu.ll~ty Kenwood" sound. 
Keyboard entry frequency selection. 
Operat~ng frrnurncles may be rllreclly 
entered 1n1r-i t l ~ r ~  TS-940s wlthnlrt using 
the VFO kiiot) 
QRM-fighting features. 
Remove? "rottr:n C)RM" wlth the SSB 
slope ttrnllig. (:W VBT, notch filler. AF 
t~lne. and CW [plch controls. 
Built-in FM, plus SSB. CW. AM. FSK. 
Semi or full break-in (QSK) CW. 
40 memory channels. 
Mode nnri Irf:rl!li!nry 1n:iy h e  st0rc.d In 
'1 groups [rl 10 I h;iririels each. 
Programmablcx scanning. 
General coverage receiver. 
Tunes fro111 150 kH7 to 30 hlHr 
I yr, limited warranty. 
Another K~rrl~n.,bi)d Flrstl 
Optional accessories: 

AT-940 Ihrll r.ingc (160-10n1) auto 
mallc antc'nrl;~ t~rncr SP-940 oxlern:il 

< , y l f .  :I.w 'S.lII, . , , I l l .  l ! l l l l l  7 8 1 1 
[!11)(1 t.l./~, Y G ~ ~ ' I ' . C ~ J  1 (>''>O HI), 
YK88C-1 (5012 Hrl CW f~llr:rs; YK-8RA-1 
(6 kt471 AM Il l t r j~ VS-1 volce syntties17er 

50-1 Ieniprri~turc compensated 
crystal osr:lll:ltnr MC-42s UPIDOWN 
hand mlr.  h4C-GOA, MC-80, MC-RE. 
del~rxe basc stt~tr~m rnlcs. PC-1A ~phonf? 
patch T L -  92?A llneor ani[~l~ller 

Shl-220 st:~t~clri monltor BS-8 pan 
rl~splay SW~?OCIA 2nd SW~?00!1 SWR 
and powor rr~r!t~?rs 

- 

I- 
P,.l, br,: T:< t-1.11 1:; I~,OIIT~;I I I~ ! )  I '  : o  !~lithIf: 

-. 11111~1 a~~tli!~r~,,+!cl k~~-'rivdn!~rl rl(~:~l~~r:,. . ,, . 

,.: .... ,..,. ,. .. ,( 
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a wrong-headed solution for someone else's problem 

Anyone who carries on a telephone conversation should have a reasonable expectation that the conversation will be private. 
That's a concept with which it's difficult to quarrel. After all, like motherhood, apple pie, and the Stars and Stripes, privacy is some- 
thing that the American citizen takes for granted. For those who'd challenge the right to electronic privacy there are severe penalties 
against wiretapping and (in the Communications Act of 1934) against the misuse or divulgence of any private communication heard 
over the airwaves. 

However, in the view of the few who are utilizing a relatively small portion of the radio frequency spectrum for a very lucrative 
business - cellular telephone - that's not good enough. After all the time, money, and technical genius they've invested in develop- 
ing cellular technology, they've suddenly discovered it's possible for others to eavesdrop on what their customers are saying! 

So have they harnessed some of their technical genius to solve this terrible problem? Of course not. They've gone to  the place 
where any and all problems are solved easily and at someone else's expense: Washington, D.C. 

And what's the solution that Washington has devised? Very simple. Under the terms of bills presently moving through the U.S. 
House and Senate, the citizens of the United States will no longer have any fundamental right of access to the radio frequency spec- 
trum. As those bills are written, it will become a crime to  listen to any radio frequency unless the government specifically decides 
the frequency is one to which it will permit the general public to listen. 

Bizarre? Of course. Absurd? Certainly, but that's precisely the premise of the "Electronic Communications Privacy Act of 1985." 
To be sure, the Act will include some exemptions, with the first being, as a matter of course, for "broadcasting." From then on, 
however, the exemptions will get a bit stickier; the Act's avowed purpose is to  "prevent" the casual listener, no matter how innocent 
his intent, from "intercepting" any radio transmission that is not intended for his ears. 

The only exemptions to this blanket closing off of the spectrum to casual listening will be those services specifically excluded at 
their own request or due to the beneficence of the bill's authors. Since WWV's time signals will probably qualify as "broadcasting," 
you should be able to  continue setting your watch with them, but if your receiver draws a bit off 10.000 MHz and you end up using 
a nearby unidentified CW signal for code practice, you're going to need a good lawyer if you get caught. 

"But Amateur Radio will be one of the exempt services," you may object, "so what's our problem?" That's just it. It isn't our 
problem - it's everybody's problem. Have you ever tuned below the broadcast band to  ship-to-shore CW around 500 kHz, to  aircraft 
radio ranges, to the "Lowfers" with their I-watt  rigs on 1750 meters, or to the various odd signals below 100 kHz? Forget it. It's 
going to be illegal. Have you ever tuned between the international broadcast bands to see what else goes on in the HF spectrum? 
Forget it. Illegal. Like to hear whar's happening at the local airport tower, on marine VHF FM, or the various caboose-to-engine 
railroad frequencies? Forget it. Illegal! 

Of course, some of these frequencies might not be illegal; they might just be included in that hallowed list of exemptions. But 
do you really want some Congressional staffer in Washington to sit down with a large yellow pad and decide for you each and every 
frequency he'll let you tune to and which will be forbidden, from DC to light? That's the way the bills are written, and that's the 
way they're expected to work. 

Wrong-headed? This proposal certainly is, because it establishes a position that's precisely 180 degrees contrary to the position 
firmly established for the American people in the earliest days of radio. That position has, from the very beginning, been that the 
radio frequency spectrum is a public resource, and with only the very minimum regulation necessary, the right of public access to 
that spectrum should not be denied. 

This right really dates from just after World War I, when the U.S. Navy tried to maintain complete control of the airwaves it had 
been given when the United States entered the war. When the war began. Amateurs were not only off the air, but also required 
to take down antennas and dismantle receivers. Within weeks after the war's end, a bill was introduced in Congress to continue 
Navy control of all radio communications in peacetime, but due in part to Amateur opposition, the bill failed. Nonetheless, it wasn't 
until April, 1919, that the Navy lifted its ban on Amateur receiving. However, the Navy still wouldn't give up its attempt to retain 
control of all radio until that September, when a Congressional resolution finally forced it to turn radio regulation back to  the Depart- 
ment of Commerce, and Amateurs once again regained the right to transmit. 

Though in subsequent years the amount of Amateur spectrum has varied from time to  time, the right of Amateur Radio to exist 
- and for the public to  listen to whatever it pleased - was never again seriously challenged . . . at least until now. This isn't because 
the consequences of unlimited public access to the RF spectrum were not understood; these consequences were addressed in the 
Communications Act of 1934, which made it unlawful to misuse or divulge information derived from listening to  private radio commu- 
nications. In 1934, at least, the framers of the law were wise enough to realize they could not stop casual radio listening without 
placing a "Kilocycle Cop" in every household. 

So what's really wrong-headed about these bills is their basic philosophy. First of all, they take the position that "We, the elite, 
have the absolute right to decide what you, the populace, can and cannot do with a radio receiver." With this "right," they take 
from all of us - SWLs, Lowfers, scanner buffs, Amateurs, and even the guy with a short wave or "public safety" band on his kitchen 
radio - the right to tune a receiver where it pleases us . . . a right that's existed since before anyone even knew how to tune a receiver. 

Furthermore, this proposed law is completely unenforceable. It will succeed only in making criminals out of millions of otherwise 
honest citizens, while the tiny minority that eavesdrops for illicit purposes will continue to do so with impunity, just as it does today. 
All this repressive and futile effort, simply to "solve" a problem for a narrow-minded special-interest group with a need to cover 
up its own self-induced shortcoming - lack of communications security -- at the expense of the American people. 

This makes me mad - mad enough to tell my Senators exactly how I feel about S-1667 and my Representatives what I think 
of HR-3378. I hope it makes you that mad, too. 

Joseph Schroeder, W9JUV 

4 February 1986 
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THERE I S  A THREAT TO AMATEUR RADIO I N  THE "COMMUNICATIDNS PRIVACY&I_OF 1985-': i n  s p i t e  o f  an 
assumpt~on by some observers t h a t  "exemption" from i t s  p rov i s ions  i s  s u f f i c i e n t  pro tec t ion .  
I t could h u r t  recru i tment ,  s ince many f u t u r e  Amateurs become in te res ted  i n  Amateur Radio 
through casual l i s t e n i n g  o f  t h e  type the  new b i l l  would p r o h i b i t .  Furthermore, t h e  t o t a l  
government c o n t r o l  of t he  r a d i o  spectrum t h a t  i t  imposes would almost c e r t a i n l y  be app l ied  t o  
Amateurs i n  t h e  fu ture .  (For add i t i ona l  ~ n - d e p t h  discussion of t h e  proposa l 's  far-reaching 
negat ive  e f f e c t s ,  see t h i s  month's e d i t o r i a l .  ) 

TWO CDNTRADICTORY BAND PLANS FOR THE NEW 33 CM (902-928 MHz) BAND are now i n  use, f o l l ow ing  
adoption o f  i t s  own p lan  by t h e  Southern C a l i f o r n i a  Repeater and Remote Base Associat ion 
(SCRRBA). The SCRRBA plan,  adopted a t  an 11/16 meeting, t o t a l l y  ignores t h e  ARRL's 
VUAC-developed p lan  -- desp i te  the  League's p lan  having been developed over a pe r iod  o f  
several years and having been we l l  advert ised,  both before and a f t e r  i t s  adopt ion e a r l y  l a s t  
year. For example, t he  SCRRBA p lan  not  on l y  incorpora tes  d i f f e r e n t  sub-bands, bu t  d i f f e r e n t  
FM channel spacing and repeater o f f s e t s !  Ne i ther  p lan  accommodates the  Japanese 903-905 MHz 
personal r a d ~ o s ,  which could prov ide an i n i t i a l  source o f  equipment t o  encourage s ta r tup  
a c t i v l t y  on the  band. 

Further Delays 111 Ocrupy~na The Rand W ~ l l  Resul t  from t h l  s ron f  l i r t ,  w ~ t h  makers heel t a t l n g  
t o  develop 33 L ln  eqc11pt11e11L ~u811paCl l11 e W I  LII L w u  cu r~ f  1 I L ~ I  I I ~  ~ t d ~ l d a r  d5. As a r est11 t .  
competition from other serv lces  or f o r  other uses fu r  tI11b clh01~e 26-MHz w ~ d e  band w ~ l l  
c o n t ~ n u e  t o  surface. For example, one p e t ~ t ~ o n e r  has proposed t h e  FCC permi t  the  use of 
low-power v ~ d e o  l ~ n k s  -- f o r  example, VCRs t o  TV se ts  -- throughout t he  band. ARRL has f l l e d  
s t rong comments agalnst  t he  proposal, designated RM-5193 by the  Comrn~ss~on, on the  grounds 
t h a t  such ~ o i n t  use would r e s u l t  I n  ~ ~ r ~ a c c e p t a b l e  mutual In ter ference.  

TWO NEW RUSSIAN SATELLITES ARE SCHEDULED TO BE LAUNCHED I n  the  vet-y near fu tu re ,  poss ib l y  I n  
e a r l y  February. The two b i r d s ,  designated RS-9 and RS-10, are expected t o  be placed i n  low 
ea r th  o r b i t  w i t h  appr-oximately 120-minute per-lods. RS-9 w ~ l l  have a s ~ n g l e  Mode A (2 meters 
up, 10 meters down) transponder, but  RS-10 promises t o  be the  most t echno log i ca l l y  
soph is t ica ted Russian Amateur space e f f o r t  yet. 

Mode K (15 Meters Up. 10 Meters Down) and Mode T_ (a  never-before-used 15 meters up, 2 meters 
down) transponders are  be l i eved  t o  be inc luded i n  RS-10, along w i t h  the  usual Mode A 
transponder. A 2-meter beacon on 145.557 MHz and another on 70 cm (st111 pending l i cense  
agreements) w i l l  a l so  be included. 

RS-10 I s  Reported To Have Successful lv  Completed Checkout and be ready f o r  launch, but  RS-9 
has had some problems. I f  problems are reso lved i n  time, t he  two b i r d s  should be launched 
together;  otherwise, RS-10 cou ld  go up alone. 

Another ISKRA S a t e l l i t e  Launch. I n  Connection With R e f u e l ~ n a  o f  t he  Russian Salvut  7 
Qpacecraft, i s  a l so  thought t o  be ~mmlnent. I f  so, a Mode K transponder w i l l  be included. 
Since t h i s  i s  an even lower a l t i t u d e  event, the  s a t e l l i t e  l i f e t i m e  could be as shor t  as a 
month or so and the  o r b i t a l  pe r iod  no more than about 90 minutes. 

A PETITION FOR A 52-54 MHz "PUBLIC DIGITAL RADIO SERVICE" subm~t ted  by Don Stoner, W6TNS. has 
been des~gnated RM-5241 by t h e  FCC. Stoner 's  proposal would c reate  a h ~ g h l y  automated 
low-power (1-watt ma::lmum) packet computer-to-computer "hobby is t "  r a d ~ o  system, u s ~ n g  the  top 
t ~ a l f  o f  6 meter5 because o f  ~ t s  low usage by A~nateurs and u n s u i t a b ~ l ~ t y  f o r  other purposes 
due t o  t h e  T V I  potential. He a l so  suggests the re  d be rlo r e p e t ~ t i o n  af  t he  CB chaos uf 27 MHz 
I n  h ~ s  s e r v ~ c e ,  s ~ n c e  he proposes no v o ~ r e  colnmun~cat~ons -- on ly  data. The FCC released i t s  
p u b l i c  n o t l r e  on RM-5241 on 12/6/85, so the  c l o s ~ r ~ g  date for r e c e i p t  o f  Commer~ts was 1/6/86. 

THE U.S. AMATEUR POPULATION CREPT TO ON ALL-TIME HIGH of  415,642 ~ n d i v ~ d u a l  operators as 1985 
drew t o  a close. The breakdown by l l cense  c lass  shows Generals most numerous, w ~ t h  117,082, 
fo l lowed by Advanced (97,781). Tech (8;,;87), N u v ~ c e  (77,087). and Ext ra  (38,305). C a l ~ f o r n l a  
s t i l l  has more than t w ~ c e  as many Amateurs as any other s t a t e  (57,151), w ~ t h  New Yort, 
(25.897). F l o r i d a  (24,675). and Texas (24,444) I n  a c lose race f o r  second. 

B iaaes t  Problem Continues To Be The Novice Class, which i s  t he  on ly  l i cense  c lass  t h a t ' s  
f a i l i n g  t o  grow. A t  t he  end o f  FCC's f i s c a l  1983 the re  were 86,781 Novice l i censes  i n  force; 
a year l a t e r  t h a t  had dropped t o  80,461. A t  presst ime the  Novace ranks had dwindled by almost 
another 3400 t o  77.087. The continued growth of t he  higher c lasses demonstrates the  VEC 
program i s  w o r k ~ n q  wel l ;  t h e  f a i l u r e  i s  i n  recruiting new blood. 

SPREAD SPECTRUM WILL BE AVAILABLE FDR GENERAL AMATEUR USE ABDVE 420 MHz as o f  June 1, 1986. 
Though t h e  new mode may be used f o r  e s s e n t ~ a l l y  any type o f  Amateur communication, the  r u l e s  
governing i t s  use are extensive and q u i t e  de ta i l ed .  Potent la1 users should r e f e r  t o  Par t  
97.71 ob the  Amateur- ru les ,  a new s e c t ~ o n  pertaining on ly  t o  spread spectrum. 

73 MAGAZINE HAS BEEN RETURNED TO ITS FDUNDER. WAYNE GREEN, W2-?14, i n  a su rp r i se  move by CW 
Communications. CW had acquired as par-l: of t he  package when they bought Green's computer 
magazines several  years ago, and i t  was wel l  known i n  the  i ndus t r y  t h a t  t hey ' ve  been t r y i n g  
t o  dispose o f  i t  f o r  some time. What 1s s u r p r i s i n g  i s  t h a t  Gr-een has re turned t o  the  helm, 
s ince he 'd  s ta ted  on numerous occas io~ is  t h a t  he be1 ieved Amateur Radio i s  a dying hobby and 
he no longer had any ser-ious i n t e r e s t  i n  i t .  
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HF transceiver 

I1tqll;ll ill,>lil:ly, I~111II1l1 
IF .;111Ii c1rc.011. 
S l ~ ~ ; ~ c l i  Proc-c!;sor, h~l l l l  11~:. 
N;lrrow/w~dc ftller seltct~i,ri 

80 li) mclors ~ncl i~d~nc] ihf. on I:W ;lnrl SSH w ~ l h  
n rw 10, 18 nnrl ?;I MHz7 OII~IIII~~II l ~ l t f - 2 1 : ; .  
bnncls. Reicelves WWV on A~~lc~rn;ll~i. SSH r i r ~ r i l p  
10 MH/. s~?Ic~r l~r ln 
700 W PEP1160 W DC Inj i l~ l  UF ; ~ l l ( ~ l ~ ~ ~ : ~ l o r ,  I I L I I ~ ~ ~ I ~  
on 80-15 n i t~ l t~rs .  160 W Efi~?i;l~vc r-io~sc~ b1:inki.r 
PEPI1.10 W DC on 12 anti F~nnl ;~rnpl~f~r?r prolecll'~)n 
10 l l l ~ ~ ~ f ? f ~ .  (IIII:~II~ ;iS!;lllc7~, I 1 1 ; 1 X 1 t l l l l l l l  

l ~ l l ~ l l ~ l l l l ~ ~  ~ 1 ~ l t ~ : ) l ~ l l  1317vl~21 
1s r t 'd~~~-c' t t  11 :ltinorni:rl 
ol)i~r;illng r. i incl~l~or~s (!C(:LII 

Olhcr fe;rt~~rcs VOX. Clfil 
:;ctlnl tllt ';~k-~n wtlli 
s~d~Ior i( . ,  c.~rif, f ~ x c > c i  
~ . t i : ~ r i ~ i ( ~ I .  nnrl :)5 kH/ 
~~i;!rkf:r 

Optional accessories: 

SP-120 f!xlern;~l speaker. 
VFOl70 remole VFO. 

*YK-8HC 500 Hz CW f~ller. 
*YK-PFCN ?70 Hr CW f~llcr. 
-YK-HHSN 1.8 kHz narrow 

SSR Irlir'r 
AT- 130 ;tnlpnnn tllner. 
MO-100 mtiblle rnnunl~ng 
br;ickc.t 
MC~30SIMC-95s hand 
ni~c:rn[ihonr.s. 
MC-50 clesk n~~croplione 

70 All-mode "Quad Bander" 
Covrbrs 6 ,  10. 15 ;lnci 40 N(?ISP 1>1:1nkr~r FM.430 FM 11n1l I 1 . ;?(I ~le:,h r~l~crol~hone. 

~ i i c ~ l ~ ~ ~  t~nntis N;irrow-w~(lf, I~llcr !;cl('nl~ori YK-88C 500 H/ CW Illlcr lvl(;-t\i)  ~ ~ i ~ r l t ~ ~ f ~ ~ n c t ~ n n  clt2sk 
10 W oulpul ( 8  W AM). RF ;I~~I~!I>I.I;I~CI~ YK~8RCN 270 Hr CW llllel r~i~c:rol~honf~ 
[Itrrc:l k(:ybo;lrd frrcl~~ency Dun1 if1cl11;ll VrOs YK 8RA f kl-lr AM f~lli!r. VOX 4 VOX II~II 
srlc~zct~on Optional accessories: MC~GOA deluxe rlf:sk ME 430 rnc)h~lr hrnckr~t. 
R0 n~.>niory (cli;~nncls tJ:> .I30 111.; [iowixr %11ljIy. !1i1(:1~111lionr? 
J I I I I I ~ ~ I I I I I  S I I ~ I I ~ I  (;C 1i) gf'nc.r:!l iih'pl;l~li? 

IF st11'i r ~ n ~ l .  000 kH7 11-1 30 k4Hi 
All 111, )tic S(~LII\~I. h i t s  1 volt (: sv111ti1~:;1,~~~r KENWOD 

TRIO-KENWOOD COMMUNICATIONS 
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ORDER ANY PRODUCT FROhl MFJ AND TRY IT-NO 
OBLIGATION. IF NOT SATISFIED. RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND (Ierr rhlpplng). 

One year uncondltlonal guarantee Made ~n USA 
Add 8 00 each sh~pp~ng/handllng Call or wrlte 

for free calarog, over 1 W products 1 

MFJ 24 HOUR 
LCD CLOCKS 

Than MFJ 24 hour cl~clrt make 
your DXlng, contesting, logglng 
ahd SKEDlng easler, more preclse. 

~ w d  both uTC and 1-1 time MFJ-107 

m a glance with the MFJ-la, $ 9 9 5  
$19.95, dual clock that dlsplays V . 24 HO[.'R DL'AL LCD CLOCK I 

. 4 T ' - . : . x .k' 

24 ahd 12 hour tlme simultaheously. 1 ... . . . . ., ,r., , \.i . I "  

Or chwse the MFJ-107, 59.95 
slngle clock for 24 hour UTC time. You can read hour, minute. ~scond, month and They at0 0 p n W  so you don't have to 

Botn are mountea In aWUShed alum~num frame, day and operale them In an ahernalng tlmedate resat them alter a power fanure, and battery 
feature hugs wry-t+ua 518 Inch LCD nunmnl: display mode. You can also ymhronlm them to operation makes them suitable for mobile and 
and a sloped fate that makes reaUlng atross-the- WWV for spllt-semnd tlmlng. Both ate quarh portable use. Long life battery Included. 

mntro l ld  for excellent accuracy. MFJ-108 is 4'/7xlx2 In. MFJ-107 Is Z1hx1x2 In. 

RTTY/ASCII/AMTOR/CW M F J - i s  MFJ ANTENNA BRIDGE MFJ-2018 ROLLER IN 
COMPUTERINTERFACE $179.95 N a p u ~ q u l c k l y o ~ t l m l ~ ~ Y w r  - antenna tor p g k  p r r l o m n m  wlth . 1 "'" '?""" """"R'"""." 

&- - . -  6- antenna brldge thal you can take to -- ....- 
I ...I.. lairii your afitenna.slte-no other equip- * .~ 

e. 

~ ~ r y l h l ~  18 lncludd for undlw and YOU wndetermlne If your antenna 18 

ruolvlng RTTYIASCIIICW on I Commodore 64 lo" Or loo rho*, mwrure Ib 
or VIC-m and y w r  ham rlp. You get MFJ's most Ind antenna 
advanced qmputer imerlace, software on tape Ohm'. It'' lhe Inductor tuner thal lets you run up iu S KW PEP 
and ail cables. Just plug In and operate. eaSlest and most convenient way to and match everthing from 1.8 to 30 MHZ. 
~h~ M F J - ~ Z ~ ~  11 a gsnenl PlrPoM computer in- determine antenna performance avan O u l g n d  to match the new cmaller ria, the 

tsrface that will never be obsolete An Internal any0ne nothing MFJ-989 Is the best roller Inductor tuner pro- 
DIP switch, TTL and AS-22 pons lets you adapt else like It and only MFJ It. duced by MFJ. Our roller Inductor tuner features 
the MFJ-1229 to neatly any home computer and blege, null meter and osclllatOrdrlver addiglt turn counter plus a solnner knob for pre- 
even operate AMTOR wlth approprlale software. (1.8-30 MHz). Uses inches. cise inductanm control for maxlr~lum SWR reduc- 

MFJ ENTERPRISES. INC. 
Box494. Miss~ss~pp~ Stale. MS39762 

A cmuhalr "mp" LED tunlng array makes 
atcurale tuning fast, easy and precise. 
YOU a n  tnnrmlt both narrow (170 Hz) and rr16 

(054 Hz) chin while the variable shln tuning lets 
you copy any shlfl (1W1000 Hz) and any speed 
(5-100 wpm. 0-300 babd ASCII). 

TOOROERORFORYOURNEAREST 
DEALER, CALL TOLL-FREE 

800-647-1 800 
Can 601-323-5869 In MISS and outside - 
continental USA Telex 53-4590 MFJ STKV "J 
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Aut0ma"c thmhold mmt l011  a M  sharp multi- 1024 h an excellent choice in ah aslive antennaaa 
' ten" switch 103h x 4% x 15 inches. 

pole attlve fllters glve good copy under severe d Inch remote actlve antenna mounts outdoor M F J I ' D  RY" D 

12Y2 x 12'/2 x 6 Inchm. USES f l~al lng 18 VOC or 
110 VAC with MFJ-1312. a9.95. 

MFJ PORTABLE ANTENNA MHZ. z1 /7~z1 /~7  in. MFJ- 
MFJ': Portable Antenna lets you operale 40,30. 30 MHz. 3~3X13inches. 

20. 18, 15. 12, lometers from apahments, motels. 
camp sites, vatation spots, any electricany cleat 
localion where spate for IUII size ahtenna'ls a' 200 WATT VERSA TUNER 

M F J W  
$69.95 I 

M F J M  Dduxe Elsctnnlc K e p r  sends Iambic. 
alrtomatlc, semi-auto or manual. Use squeeze. 
single lever or stralght key. Plus/minus keylng. 8 

solid to 53 WPM. Speed, weight, tone, volume controls. 
On/Dfl. Tune. Semi-auto switches. Speaker. RF 
prwf .  7 x 2x 6 inches. Uses 9 V battery. 6-9 VDC 
or 110 VAC wlth AL atlapter. MtJ-1305, $9.95. 

R ~ M  OTE ACTIVE ANTENNA 
Thr authorlbclve "world RI~IO TV  andb boor 

ntw the MFJ.lM4 as .,; first-rate gasy-tooper. 
ate a,lrenna ... (lulet, with excellent dy- 

tion. Just take a look at an these other greal lea- 
lures! Built-in 3 0  wan. 50 ohm dummy lwd. 
built-In 4:l balun and a built-In llghted motor that 
redbs SWR and forward and reflected power In 2 

namlcrangearld goo,jga)n ,., vbry low noise lac- ranges W a n d  2000 watts). Accuracy+lO% full 
tor .., ~~~~d frequency coveraye ... the MFJ- scale. Meter light requires 12 VDC. 6 ~osltlon ah- 



odd antennas 
Dear HR: 

Those of us who have been hams 
for 30 years but are not radio engineers 
sometimes wonder about certain 
unused antenna designs. Perhaps the 
expertise of the readership of ham 
radio can enlighten us on these 
peculiar issues. 

For instance, every antenna hand- 
book I own describes the advantages 
in gain of 518-wave verticals and 1.28 
wave dipoles, the 1.28 wave dipole 
having a 3-dB gain over a half-wave 
dipole (see the Extended Double Zepp, 
fig. 1). Why aren't more antennas 
designed using the 1.28-wave element, 
especially at frequencies above 144 
MHz? 

r 

518A (0 .641 

150 OHM FEEDPOINT 
(TWO R 0 1 9 1 R O l l  COAX 
L I N E S .  S H I E L D S  
SOLDERED TOOETHERJ 

fig. 1. Extended double Zepp. 

J 

Every good handbook describes the 
Windom 14 percent off-center-fed 
antenna (fig. 2A), normally usable at 
112, 1, and 2-wave frequencies - 
three bands. Why aren't multi-band 
dipoles (fig. 28) tubular beams (fig. 
2C) and quads (fig. 2D) designed for 
3-bands per element 14 percent off- 
center-feed? 

And since the Windom 600-ohm 
feedpoint occurs at 14 percent off- 
center (or 64 percent from one end) 
and the high-gain 518-wave vertical is 
a 62.5 percent feed point, why won't 
a bent-Windom vertical, fed 64 percent 
up, with a 36 percent horizontal sec- 
tion, produce a near 518-wave superior 

14% O F F - C E N T E R - F E E D  -+---- 
\-SINGLE WIRE 

FEEDLINE 

8 )  
14% O F F - C E N T E R - F E E D  

i 
I 

F E D  1 8 0 .  
OUT-OF-PHASE 

1 -- 

0 14.1. O F F - C E N T E R - F E E D  

W I N O O M - B E A M  

14-/* O F F -  
CENTER-FEED 

* 

COMMON 5 1 8  WAVE 
V E R T I C A L  5 1 0 A f 6 2  1 % )  

-. 

A 
r37 - -  

W I N D D M  
5 1 9  WAVE 

6 4 %  6 2  5.1. 

FEEDLINE 

L CAN BE COMBINED IN S E c r m N s  
I N T O  A BEAM 

D 6 4 0 3 6  

3 6  ,36 [ 3 6  

fig. 3. Windom dipole. 

. 

r A~2-rA/zi 

c 14% OFF CENTER F E E D  !rlr (64% FROM ONE END1 

fig. 4. BBBC-Windom. 

signal plus a signal on two other bands 
(fig. 3)? 

Since the BBBC (Broadside Bidirec- 
tional Bobtail Curtain) (fig. 4) antenna 
is excellent on one band for DX, why 
can't it be fed at the 600-ohm off- 
center Windom feedpoint to make it a 
multiband antenna? 

No doubt there are very good 
reasons why these antennas do not ex- 
ist, but a good, logical answer would 
be gratifying to those of us empirical 
tinkerers who are theory-deficient. 

C.N. Francis, WBMBP 
Silsbee, Texas 

I fig. 2. IAI  Windom dipole; (61 Windom- 
beam: ICI double-Windom dipoles; and 
(0) Windom-Quad. 
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achieve polarization diversity 
through variable power splitting 

M ultra-split circuit 

increases signal strength 

and extends 
transmission times 

The reception of  high frequency (3-30 MHz) sig- 
nals propagated via the ionosphere is characterized 
at times by irregular and deep fading (indeed, in such 
places as the auroral zone, by long periods of exces- 
sive absorption resulting in communications blackout). 
This is related to varying amounts of energy in the ver- 
tical and horizontal components of the radio wave. A 
device at the transmitter that takes account of this 
condition will enhance communications. Power is 
divided between two transmitting antennas in such a 
manner that ratios of from 1 :1 to 10: 1 can be effected 
without mismatch. In this manner, vertical and 
horizontal components of the transmission pattern are 
compensated to prevent fading at the receiving loca- 
tion utilizing radiation angle diversity. A characteris- 
tic of the entire propagation phenomenon during alti- 
tude changes of the ionosphere is that the horizontal 
and vertical components never fade simultaneously. 
Power splitting takes advantage of this characteristic 
when other parameters of the system have already 
been optimized. In this way, communications on a par- 
ticular band may be extended for up to several hours 
using this technique. 

It is generally accepted that an HF antenna with a 

low angle of radiation is capable of sustaining usable 
communications for additional periods as long as two 
to three hours, during the ionosphere transitional 
periods. 

It is also recognized that during this transitional time 
some disruption of communications circuits takes 
place. HF stations normally change their frequencies 
to re-establish communications. Therefore, any 
reasonable means that will allow a communicator to 
extend the transmission period and/or improve the 
reliability of communications during a transition period, 
without changing bands, is worth investigating. 

During the last 15 years, I have conducted a series 
of limited experiments on 15 and 20 meters using a 
transceiver and a pair of antennas. One was a six- 
element horizontal trap-beam, and the other a verti- 
cal antenna. Power from the transmitter was divided 
between the two antennas by means of a network 
called Multra-split. The Multra-split network allowed 
the power to be divided anywhere from 1:1 to 10:l 
without mismatch at the transmitter. 

In practice, the antenna with the highest gain is fed 
the highest power, and generally the higher gain 
antenna is horizontally polarized. However, depend- 
ing upon the band of transmission and time of day, 
it can be more favorable to feed higher power to the 
vertical antenna. 

sky-wave propagation1 
At high frequencies, long-distance communication 

is possible only via sky-wave propagation, whereby 
radio waves are refracted back to earth from one of 
the surrounding ionized layers. These layers are the 

By John H. Mullaney, W3NGJ, 9049 Shady 
Grove Court, Gaithersburg, Maryland 20877. 
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fig. 1. Vertical radiation pattern over earth. 

result of ionization of neutral gas in the atmosphere 
by ultraviolet radiation from the sun. 

Because of the variation in the structure of the 
atmosphere with height and the selective absorption 
by the various gases of the radiation from the sun, the 
ionization tends to have several regions of maximum 
electron density at various heights. These regions are 
the E-layer, at an average height of 70 miles (1 13 km), 
the F1 layer, at about 140 miles (225 km), and the F2 
layer, at approximately 250 miles (402 km). Below the 
E-layer, during the day, is another ionized region at 
an average height of 35 miles (56 km). This is called 
the D-region. The D-region accounts for daytime 
absorption of medium-frequency radio waves. This is 
the principal reason 80 and 160 are considered night- 
time bands. These layers, as might be expected (since 
radiation from the sun is the principal ionizing agent), 
are present during daylight. At night the D-region is 
not present, the F1 layer merges with the F2 layer at 
an average altitude of approximately 175 miles (282 
km), and the E-layer essentially disappears. 

polarization 

Antennas may be classified as linear elements, aper- 
tures, arrays, or traveling wave types. For our discus- 
sion, and considering that we are interested in 
Amateur communications in the 2-30 MHz range, we 
will deal only with linear and array types. 

Two field components are present on an antenna: 
the magnetic and electric fields. Radio waves, like light 
waves, can have a definite polarization. Radio wave 
polarization is determined by the orientation of the 
electric field component, which in turn is determined 
by the orientation of the elements themselves. 

On a linear antenna or an array of elements, the 
magnetic field component is always at right angles to 
the radiator, whereas the electric field component is 
always in the same plane as the radiator. This means 
that a vertical antenna or radiator will transmit a verti- 
cally polarized wave and a horizontal radiator will trans- 
mit a horizontally polarized wave. 

Most of the common optical effects experienced 
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fig. 2. Vertical radiation pattern for horizontal half wave dipole at 180 degrees above earth. 

with polarized light also occur between pairs of 
antennas having different polarizations, when the 
medium (such as free space) between the antennas 
does not affect polarization. A linear antenna used for 
receiving responds most strongly to another antenna 
with the same polarization, and not at all to one polar- 
ized at 90 degrees to the first antenna. 

Vertically polarized waves radiated by a vertical 
antenna over imperfect ground are elliptically polarized 
because of the presence of a small electric field along 
the ground in space quadrature and the different time 
phase from the major electrical component. 

For high-frequency ionospheric layer propagation, 
the received signal is usually elliptically polarized, even 
when the transmitting antenna produces linear polar- 
ization. This condition arises from the effect of the 
earth's magnetic field on the ionized layers; it splits 
the incident linearly polarized signal into an ordinary 
and extraordinary wave. The two waves travel at 
different velocities and experience different polariza- 
tion rotations. The resultant received signal is ellipti- 
cally polarized; consequently, depending on the orien- 

tation of the receiving antenna and its height above 
ground, the received signal may not be usable. The 
use, therefore, of a vertically and horizontally polarized 
antenna with a special combining network (such as 
Multra-split) may provide improved communications 
not only from a signal strength standpoint, but also 
over an extended period of time. 

The effectiveness of this method of propagation is 
directly affected by the radiation axis or radiation angle 
of the antennas used. Whether an antenna is verti- 
cally or horizontally excited, its vertical radiation pat- 
tern shape is a function of its electrical and physical 
heights above the ground. 

Figures 1 and 2 show the vertical radiation pattern 
for a horizontal and vertical antenna. 

Note that the vertical shape of the elevation pattern 
is a function of the earth's conductivity. The lower the 
conductivity, the more pronounced the distortion to 
the vertical pattern (high angle signals are hardly 
attenuated). Either antenna can be selected for the 
high power side, depending upon transmission path 
conditions. 
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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 ... 

... and ours. 

So we des~gned Ihe RG850  Repeater Controller the ~ndustrys top of the 
lhne reoeater control system Now In 11 s th~rd wave ol lnnovatlon thanks to 11s 
deslgned lor the future architecture and new software releases 
The 850 del~nes Ihe ~ndustry standard In repeater control systems 

m. Fully remotely programmable with Touch-Tone commands 
Front panel LED d~splay 
Over 300 word custom~zed male and lemale speech synthes~s vocabulary 
Tlmefday of week Scheduler wlth 10 set-up stales. 30 changeovers fmd 
events. over 1M) scheduled Items for hands off operation and autom:ttlc 
rem~nders 
Full or half duplex autopatch, autodlal(250 numbers), emergency autndtal. 
reverse autopatch, anl~d~aler, toll restrlcl lncludlng telephone exchange 
tables, supports remote and multiple phone llnes 
lnformatlve remotely programmable ID'S 11 71, tall messages (13). 
bulletin boards (5) 
16 channel volce response analog melertng. automatic storage ol 
mlnfmax values on each channel, values may be read back on command 
or may be tncluded In any programmable messages 
Suppons synthesized remote base transceivers and lull duplex l~nks 
lnd~v~dual user access codes lo selectable features 
Mallbox lor user-to-user, and system-to-user messages 
Pagtng - two-tone. 516 tone DTMF CTCSS. HSC d~splay. 
user commandable and may be lncluded In proqrammable 
messages (I e alarms) 
Easy hookup to any repeater 

If your repeater budget can't afford the '850, we offer the 
RC-85 Repeater Controller, whlch we lhke to call the "second besl 
repealer controller In the world". ITS a scaled down, s~mpl~lled verslon of 
our '850. but overall. 11 oners more capabtllty and h~gher qual~ty 
than anyone elses control equipment at any prlce 

Remotely programmable w~ lh  Touch-Tone commands 
Over 175 word customtzed male speech Synthesis vocabulary 
Selectable "Macro sets' lor easy control operator select~on 
Autopatch. aulodlal (200) numbers, emergency autodlal, reverse patch 
Remotely programmable lnformat~ve ID'S (7). tall messages (3). 
bulletin board (2) 
Supports synthesized remote base transcetver, control recelver, alarm 
Selectable, lnformatlve courtesy tones 
Talktng S-meter. Two-tone paglng 
Easy hookup to any repeater 

For those who ttke lo  "roll the~r own", we can get you off to a rolling start wlth 
our ITC-32 Intelligent Touch-Tone Control Board Much more 
than lust a decoder ~t's a m~nt-control system ot 11s own, wlth the baslc 
repeater and remote base luncttons bulll-ln And 11 can be tatlored by you 
with 11s Personality Prom 

28 remotely controllable latched or pulsed loqtc outputs 
4 alarm or remote sensed loalc lnouls .. . 
Response messages to conl~rm command entry 
Repeater funct~ons lnclud~ng COR. IDer. tlmers, counesy tone. etc 
Remote base tuncttons ~nclud~ng control ot synlheslzed transcelver 

Our new Digital Voice Recorder lets you remotely record ID'S. tall messages. Remotely recordable. vartable length audlo tracks. 
and varlous other response messages lor automattc playback through your accessed from controller messages 
repealer Audto IS stored d~g~tally w~th no-compromtse reproducl~on quallty In Top quality, no compromise aud~o reproduction , 
up lo  e~ght megab~ts of memory. The DVR can suppon up to three Independent Supports up to three repeaters lor cost effective Installallon 
repeaters lor a low per-channel cost Its Touch-Tone act~vated volce mallbox Expandable to roughly 6 mlnutes ol Speech In 8 megablts of memory 
lets your users eas~ly record messages for other users when they aren't around Easy ~nterface lo RC-850. RC-85 controllers. or to any sland-alone repeater 

QST: Attention All Hams 
If you own a shack you should know about ShackMaster" 
ShackMaster lets you carry your home statlon w~th you In the palm of your All our products are documented w~th htqh quality easy to read manuals 
hand It acts as your galeway to the world llnklng your handheld Our qoal IS to advance the state ol the repealer art Bul most of all 
transceiver lo your hlgh performance HF statton Now ~nstead ol your our products put the FUN back into the FUN MODE1 
valuable home equtpment belng ava~lable to you tOh of Ihe ttme 
11s ava~lable 99% of Ihe ttmel Whelher around the house In the yard 
or across town ShackMaster let's you take 11 w~th you 

But th,at s lust part ol ShackMaster s story It lets you communicate 
wllh Ihe lamtly by handllng thtrd party traff~c- tts electronic mallbox ~ n d  
Intercom let you keep In touch And a slmplex palch lets you place 
tmportanl calls dlrectly through your home phone 

Crnssband I~nk~ng- VHFfUHF to HF 
Telephone access to your home stallon 
BSR Home Control ~ntertace - 
Electron~c Mallbox 
Shackpatch" Intercom Into the shack 

L! - - ~ - d  I 
PersnnalPatrhm s~mptex autopatch 

To order one of these advanced conlrol products call 408-749-8330 
V~sa and Maslercard accepted 
Technccal manuals are available for purchase and the amount pa~d IS apptled 
as a depos~t on the equlpmenl For speclflcallons and a copy of our ACC 
Noles newsletter lust wrlre or send In your OSL card to 

QCC advanced 
computer 
controls, inc. 1 n816 Norrhrldge Square Cupertrno CA 9501 4 (4081 749-8330 

M o r e  Details? CHECK -OFF Page 110 r /  l3a February 1986 13 



HlGH POWER TO 
' I N E  

I  B E A M  A N T E N N A  

I N D I C A T O R  LOW POWER 

TO V E R T I C A L  
L I N E  N O 2  A N T E N N A  

4 

R2 

fig. 3. Low power antenna connected to inductive 
branch. 
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L I N E  N 0 . 2  
7 0  V E R T I C A L  
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0 

fig. 4. High power antenna connected to inductive 
branch. 

One way to enhance reception and transmission in 
a varying polarization environment is to use a com- 
binerlpower divider network that responds more 
favorably to the dominant polari~ation.~,~ A transmit- 
ting type circuit that provides this function (Multra- 
split) is shown in fig. 3. In this case, two antennas 
- one horizontally polarized, the other vertically pola- 
rized - are fed by a network that splits the power as 
required. This configuration provides more power to 
the beam antenna. If the polarization that propagates 
best is vertical, then the fig. 4 configuration is more 
appropriate. 

circuit operation 
The Multra-split circuit is basically a simple power 

divider. There are two equal loads (50 or 70 ohms), 
R1, and R2, which represent the transmission line 
resistance for antennas 1 and 2. Reactances Xc and 
XL are of opposite sign and their values are uniquely 
determined by the power-division ratio and input 

impedance desired. In this case, the input impedance 
is selected to match the output of the transmitter (50 
or 70 ohms). For our discussion, we will assume the 
use of %-ohm transmission lines. The power division 
is determined by the transmission path conditions. 
Generally, with a high-gain horizontal beam and a ver- 
tical whip, the higher power is fed to the beam and 
just enough power is fed to the vertical antenna to 
obtain the diversity effect. 

The power division can be expressed in terms of a 
factor M', as follows: 

M I  = P (hi) 
P (low) 

where 
P (hi) = power to fed to Line 1, 
P (low) = power fed to Line 2. 
The value of reactance for the high-power leg (Line 

1) 

is: 

where 
X = value of positive or negative reactance in 

ohms, 
R1 = Line 1 resistance in ohms, 
M' = power-division factor defined above. 
The value of the reactance for the low-power side 

(Line 2) 

is: 
X =  , M 1 * R 2  

where 
X = value of positive or negative reactance in 

ohms, 
M ' = power-division factor, 
R2 = line 2 resistance in ohms (must be equal 

to Line 1 resistance). 
It will be demonstrated later that the input 

impedance will always be equal to the transmission- 
line impedances, provided certain design requirements 
are met. This is the same as saying that, under the 
required conditions, the feedpoint resistance will 
always remain equal to the load resistance, regardless 
of the power division between the two branches. 

practical application 
Assume a station desired to divide its power on a 

90110 basis; that is, 90 percent in line 1 and 10 per- 
cent in line 2. The known parameters are: 

f (frequency) = 14.250 MHz. 
P (transmitter output) = 500 watts. 
R (transmitter output impedance) = 50 ohms. 
I (transmitter output current for 500 watts) 
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I =  J i  = J :to = 3.16 amperes. 141 

Current in line 1 for 450 watts: 

I =  J y: = 3.0 amperes 

Current in line 2 for 50 watts: 

Power division factor: 

L = 0  1 8 6 p H  

KL -16 7 OHMS R 1 ~ 5 0  OHMS 
TO B E A M  - A N T E N N A  - 

5 0  OHMS 
INDICATOR 

TO V E R T I C A L  

A N T E N N A  
-0 

KC = - 1 5 0 0 H M S  R2.50 OHMS 

h C = 74 39Pf  
f = I 4  Z 5 M H z  

P = O  5 1 W  

M '  = 
P (low) (7)  

fig. 5. Multra-Split network with matching resistance 
loads. 

An inductor is selected arbitrarily for the high power 
branch. The reactance is: 

Because we selected an inductor for the high power 
side, a capacitor must be used in the low power 
branch. Its reactance is: 

Xc = M f * R I  = 3 x 50 = I50 ohms. (9) 
and since it's a capacitive reactance = - 150 ohms. 
The magnitude of XL and Xc have now been deter- 
mined. The inductance and capacitance can be read- 
ily found. The inductance is: 

where 
L = inductance in microhenries 
XL = inductive reactance in ohms, 
f = frequency in MHz. 

fig. 6. Equivalent circuit for determining components to 
offset mismatch. 

solving for L circuit variations 

The capacitance is determined by: 

where 
C = capacitance in picofarads, 
Xc = capacitive reactance in 

ohms, 
f = frequency in MHz. 

Then: 

The circuit can now be redrawn as in fig. 

Combinations of XL and Xc can be selected to 
(11) accomplish different power splits. 

In many cases, it's more practical to use variable 
capacitors and inductors to obtain the exact power 
ratio; in others, a fixed capacitor can be made equiva- 

(12) lent to a variable unit by using a variable or tapped 
coil in series with a capacitor. 

If you want to operate a transmitter over several 
bands of frequencies, provisions should be made to 
switch in different size components. The size and rat- 
ing of components from a voltage and current stand- 
point are determined in the usual manner for any 
network. 

It should be noted that the circuit works on the prin- 
(13) ciple that both lines are equal in magnitude and non- 

reactive. In the event that one or both of the lines are 
5. mismatched, it's necessary to adjust the Xc or XL or 
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i N D l C A  TOR 

X Z = - 1 / 1 4  

L I N E  NO 2  ~ 2 . 6 5 - , ~ 0  

-. ---O 

I fig. 7. Series network. 

C i  
L i  

L I N E  

NO I  
-4 

I N D I C A T O R  d - q  c 2  

fig. 8. Typical network permitting tuning both arms for 
plus or minus reactance. 

L I N E  

N 0 . 2  
___C) 

fig. 9. Simplified Multra-Split divider. 

both to obtain a 50-ohm input for the transmitter. A 
VSWR indicator at the transmitter output or network 
input will indicate a match condition. 

Where either or both antennas have a large mis- 
match, the method for determining the combining 
components becomes somewhat more complex be- 
cause we have to deal with four variables; that is, two 
resistances and two reactances. The problem, 
however, is not too difficult to solve. 

Example Assume: 
Transmission line 1 = 35 + j35. 
Transmission line 2 = 65 - j40 
Power distribution M' = 3.00 (90 percent110 

percent). 
Tramsmitter impedance 50 ohms. 

The equivalent circuit can be represented as in fig. 
6. 

The values for jX1 and jX2 are of opposite sign and 
are determined as follows: 

where 
XI = net reactance for line 1 (the load reactance), 

e = RIR2 - RORI - ROR2 + 

KO = transmitter resistance = 50 ohms 

Substituting the known parameters, X I  = j 28.7 
ohms. 

Remember that X I  represents the net reactancce 
required for branch one; hence, because we already 
have j 35 in the circuit we must wash out j 6.3 ohms 
(35-28.7) = 6.3) to obtain the required net reactance. 
This is best accomplished by a series network adjust- 
ed to have a reactance of - j 6.3 ohms in series with 
line 1. 

X2 is determined from (and will be a negative reac- 
tance because X I  is positive). 

Substitute in Eqn 15 X2 = - j 154 ohms. Inasmuch 
as the reactance for line 2 is - j 40, we have to add 
a minus of - j 154 as required by Eqn 15. We obtain 
this value by using a capacitor which is adjusted to  
- j 114 ohms. 

We can now redraw our circuit as in fig. 7. In prac- 
tice we should use a circuit that has series networks 
in both arms because we can adjust these for either 
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plus or minus reactance, depending upon which side matched transmission lines, the maximum current and 
of resonance we are tuned. Fig. 8 is a typical circuit. voltages at the input of the lines are determined as 

Due to the fact that we are working with mis- follows: 

table 1. 
Matched condition 

Where R1 = R2 = 50 ohms 

and 

I P I  percent X1 ohms X2 ohms 1 where 

table 2. 
Mismatched condition 

Where R1 = 35 ohms and 
R2 = 65 ohms 

1 P1 percent X I ,  ohms X2 ohms 
I 

P x VSWR % 
I M A X = [  

z, ] (171 

P = power in watts 

VSWR = voltage standing wave ratio, 

zo = characteristic impedance of line. 

To demonstrate the effect of a mismatch or VSWR 
vs. a pair of matched lines (Eqns 1, 14, and 15) were 
used to determine the net reactances required for X I  
and X2 for the condition where R1 = R2  = 50 ohms, 

table 3. I 
P I  percent C1 (PFI3 LllaH) I 

I N D I C A T O R  

I 
C 2 

I 
I I 
I I 
I 
I 
1 

1 

I 
I 

I 
I 

TO T R A N S M I T T E R  1 5 0 ~ F  
I 

I 
C 4 

I 
I I 
I 
I 
1 L l N E  NO 2 

I ._- 

I 
5 0  O H M S  

1 I 
I 

I 
I 

7 5 O p r  

I 

I fig. 10. Three band Multra-Split power divider. 1 
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and R1 = 35 ohms and R2 = 65 ohms. Table 1 
represents the matched condition, whereas table 2 is 
for the mismatched condition. 

The differences for identical powers is apparent from 
a study of the tables. In practical applications, series 
networks in both legs are used with components large 
enough to handle any mismatch. 

typical multra-split circuits 
Figure 9 illustrates a typical stripped-down version 

of a Multra-Split power divider for one Amateur band. 
C' L' is a series circuit that can be adjusted either 

side of resonance to wash out any residual reactance 
due to mismatch on the transmission lines, while L1 
and C1 are the components used to control the per- 
centage of power to each antenna. 

Table 3 furnishes typical component values for C1 
and for power division from 10 percent to 90 percent 
where one antenna is a beam and the other a vertical. 
This divider is for 20 meters with the center frequency 
being 14.25 MHz. We are using the inductive branch 
for high power and assume both lines could be mis- 
matched. 
C1 would be a variable capacitor of approximately 

25-400 picofarad, while L1 would be a variable induc- 
tor of approximately 2.5 jtH. The voltage and current 
ratings of the components would be determined by 
the transmitter power and VSWR. 

The series circuit L' C' would consist of a fixed 
inductor of 4 jtH, while a variable capacitor of 25-400 
picoFarad would be used for C'. 

Figure 10 illustrates another Multra-Split power 
divider, used by the author, to cover the bands of 10. 
15, and 20 meters. It will handle 1 kW of power. 

conclusions 
The Multra-Split network provides a simple method 

of dividing power between two loads or antennas of 
identical dr dissimilar polarization radiation angles. It 
can be used to improve HF communications because 
it works on the principle of taking advantage of radia- 
tion angle diversity. Electrically, the principle is 
straightforward and it should provide a practical eco- 
nomical method for power splitting. 
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cylindrical feedhorns 
revisited 

Another look 
at this 

popular method 

The subject of feedhorn design is obviously of 
interest to Amateurs and experimenters everywhere; 
nine years after my first ham radio article on this topic, 
and almost three years after the second, was pub- 
lished, inquiries are still being recei~ed. ' .~ 

The concept of the open-ended waveguide for use 
as an antenna or primary feed for a parabolic reflec- 
tor was covered in the first article; the second article 
addressed impedance matching to space. Because of 
limited test pattern facilities, the matter of pattern 
shape was not thoroughly discussed. 

It was only recently that I had an opportunity to 
make radiation patterns of the cylindrical feedhorn on 

a professional pattern range with commercial equip- 
ment. These tests were made at frequencies between 
3.7 and 4.2 GHz because the feedhorns were designed 
for that frequency range. The results, however, apply 
equally well on Amateur frequency bands such as 
1296,2304, R O O  and above, wherever parabolic reflec- 
tors would normally be used. 

A scalar feedhorn is generally defined as one 
employing an RF "choke" mounted on the outside of 
the horn near the open end. Commercial feedhorns 
often employ chokes consisting of four to six concen- 
tric rings, either diecast or milled from a block of alu- 
minum. The purpose is to choke off currents that 
would otherwise flow on the outside surface of the 
horn, thereby producing unwanted radiation and 
power loss. A photograph of a typical scalar feedhorn 
choke is shown in fig. 1. 

A scalar choke can be fabricated for use at Amateur 
frequencies by forming copper strips into concentric 
circles and soldering them onto a brass washer. The 
height of the strips should be slightly less than a 
quarter wavelength, spaced approximately 0.2 wave- 
lengths. The latter is not critical, but care should be 
taken to assure that the circles are concentric. 

The choke shown in the second article was a large 
flat brass washer soldered to a short cylinder that slid 
over the outside of the horn for positioning. This type 
of choke is very effective in improving horn efficiency, 
and is much easier to fabricate than the scalar choke. 

Radiation patterns recently made show that the pat- 
tern shape using the flat choke is slightly asymmetri- 
cal at some frequencies, causing a few degrees of 
"squint." That is, the axis of the beam tends to be 
off the horn axis, and this tends to vary with fre- 
quency, as shown in fig. 2. The shape of the pattern, 
and in particular its symmetry, is highly important in 
terms of overall antenna efficiency when a feedhorn 

Norman J. Foot, WASHUV, 293 East Madi- 
fig. 1. Photograph of typical scalar choke. son Avenue, Elmhurst, Illinois 60126 
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fig. 2. Scalar and flat choke pattern comparison. The flat 
choke without slots shows a skew off boresight. 

is used together with a parabolic reflector, especially 
when used over an appreciable frequency band. 

overcoming squint 
The addition of a single set of resonant slots cut into 

the choke overcomes the squint problem. The slots 
act as RF chokes in a manner similar to the concen- 
tric rings of the scalar choke. With the addition of the 
slots, squint is removed and patterns are smooth and 
axially symmetrical. Figure 3 is a photograph of a flat 
choke with slots. Thus, while the addition of a flat 
choke to the cylindrical feedhorn produces a good 
match to  free space, the slots choke off residual cur- 
rents that would otherwise flow on the outside of the 
horn and result in squint. Figure 4 and 5 compare the 
patterns of a feedhorn employing a scalar choke with 
the samd horn using a slotted choke. Boresight gains 
are identical, and 3 and 10-dB beamwidths are for all 
practical purposes identical. Figure 4 also shows what 
can happen when the choke is not used. 

slot orientation function of polari- 
zation 

In operation, the slots are oriented along the direc- 
tion of polarization. When used with vertical polariza- 
tion, the slots are located one above the other. Rec- 
tangular slots cut in a conducting ground plane are 
sometimes used as radiating antennas: they are nor- 
mally excited by connecting a coaxial cable across the 
small dimension. The resulting RF current tends to 
flow parallel to the large dimension of the slot. The 
slot performs like a dipole except that the directions 
of voltage and current are reversed. The long dimen- 
sion is approximately equal to a half-wa~elength.~ 

fig. 3. Photograph of slotted choke. 

r - -  I 

fig. 4. Patterns of vertically-polarized slotted and scalar I 
chokes. i 

When currents flowing radially outward on the flat 
choke encounter slots oriented in the wrong direction 
(i.e., normal to the direction of slot current flow), the 
current tends to be inhibited and the slots act like RF 
chokes. Choking action is most effective when the 
slots are resonant at the RF operating frequency. The 
slots for use at 4 GHz were cut 1.4 inch long and 0.25 
inch (3.17 x 0.63 cm) wide. The slot width is not criti- 
cal as long as it is much smaller than a wavelength. 

If the antenna system uses both horizontal and ver- 
tical polarization, such as is the case with TVROs two 
sets of slots should be used to avoid having to rotate 
the choke 90 degrees to change polarization. A choke 
of this kind is illustrated in fig. 6. Not shown are a 
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fig. 5. Patterns of horizontally-polarired slotted and 
scalar chokes. 

pair of orthogonally mounted monopoles inside the 
horn, each of which responds to its respective polari- 
zation. Two sets of slots would probably work well 
with circular or cross-polarization as well, although this 
has not been confirmed by test. 

choke dimensions 
The 4 GHz choke shown in fig. 3 has a 7-inch (17.8 

cm) OD and a 2-112 inch (6.35 cm) diameter hole at 
its center which slides over the 2-112 inch (6.35 cm) 
OD horn. The inside diameter of the horn is 2-114 
inches (5.72 cm) and it is 4 inches (10.16 cm) long. 
A mechanical drawing of this choke is illustrated in 
fig. 7. In the pattern tests, the optimum location for 
the slotted choke was found to be in the plane of the 
open end of the horn. Pushing the choke forward had 
very little effect on the gain or patterns, but gain falls 
off somewhat as the choke is moved to a position 
behind the horn opening. 

Choke dimensions can be scaled for operation at 
other frequencies. The 2304 MHz choke should be 12 
inches (30.48 cm) OD and the center hole should be 
slide-fit with the 3.9 inch (9.91 cm) diameter of the 
horn. One-pound coffee can make ideal horns for 2304 
MHz, since their ID is slightly less than 4 inches (10.16 
cm). The choke slots should be 2-1 I 2  inches (6.35 cm) 
long and about 318 inch (0.95 cm) wide. 

At 1296 MHz, the choke diameter becomes relatively 
large. If scaled from fig. 7, it would be 21 inches (53.3 
cm). To avoid excessive shadowing, especially when 
using a relatively small dish, a choke diameter as small 
as 18 inches (45.72 cm) provides reasonably good per- 
formance at 1296 MHz. 

fig. 6. Double slotted choke. 

L SAME O I U C U S I O N I  

A S  U P P E R  SiOi 

fig. 7. Drawing of slotted choke used in pattern tests. 

A 718-inch (2.22 cm) ID brass tube makes an ideal 
horn for the 10.0-10.5 GHz band. The choke should 
be 2.7 inches (6.86 cm) OD with 9/16 x 118 inch (1.43 
x 0.32 cm) slots. 

Reader inquiries may be addressed to Footronics 
Engineering Inc., 293 East Madison Avenue, Elmhurst, 
Illinois 60126, in care of WA9HUV. Please enclose an 
SASE. 
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Message 
MasterTM 

e- 

Real-voice messaae svstem - - 
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 to you speak, store messages in memory, and 
deliver messages on demand. If  you can't be there to 
deliver your messages let Message Master deliver them 
for you -any messages in any languageand in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 

;E MASTER 
? 480 

Create messages just by talklng. Message Master's 
'real-voice' technique saves YOUR VOICE in dlglbl 
memory to deliver messages In your own volce, lan- 
guage and dlalect. 

Mallbox-style operation glves individual message 
dellvery sewlce to 100 system users. 

Easily added to any repeater or base sbtlon for re- 
mote operatlon with only lour connections. 

Special teatures Include cailslgn Identiflcatlons, tall 
messages, and bulletln messages. 

exchange messages between your radio system and the 
telephone network. Digltal message storage provldes instant playback of 

stored messages. 
Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets your exact needsfrom 2t08 
With 8 minutes of message storage it can store minutes of total message storage. 
hundreds of messages simukaneously making it ideal 
for large, active repeater groups. 

Would YOU like your callsign identifications. Serving your 
tail messages, and bulletin messagessent in 
real-voice? Message ~~~t~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 

too. Record several identification messages FORMA NCE LEADERS with real voice, more autodial numbers, 

and it will even send adifferent IDeach time. more synthesized voice and more features. 

Almost like magic. Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when to 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. 
Or write further - 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 for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group and all call messaging. - .  

COMING SOON: A 4-channel re- 
/ 143 ceiver voting system which oper- 

ates on true signal-to-noise ratio to 
extend your coverage by linking to 
remote receivers. 

KENDECOM INC. 23 Elm Park 
; MICRO CONTROL SPECIALTIES . . Groveland, MA 01834 

. ... (61 7) 372-3442 
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two-tone signal generator 
Check linearity 

of SSB transmitters 
with an easy-to-read 
oscilloscope display 

This article describes a two-tone test generator 
for checking SSB transmitter linearity. In addition to 
supplying two low-distortion audio tones to the micro- 
phone input of a transmitter, it has three additional 
features. The first permits the generation of a "bow 
tie" display on an oscilloscope in which linearity shows 
up as a straight line, which is easily judged, rather than 
as two interlaced sine waves, which are not so easily 
judged. The second feature modulates the level of the 
two tones at a pseudo voice rate, permitting opera- 
tion at voice average power levels while viewing a two- 
tone. (Some transmitter power supplies "droop" dur- 
ing single-tone or even two-tone operation, reaching 
their peak power output only with a voice waveform 
with its corresponding low average power.) The third 
feature is crystal control of the frequencies, which per- 
mits accurate freauencv measurement of a transmit- 
ter without the necessity of generating the carrier. 

This generator was conceived as a school project 
almost 20 years ago. Assigned to build a circuit board, 
we made a two-tone generator that used two twin-tee 
oscillators, with the high oscillator locked to the third 
harmonic of the low oscillator with a small capacitor. 
When the output of the low oscillator, through a phase 
shift network to compensate for phase shift in the 
transmitter, was fed to the X input of a scope and the 
transmitter output was fed to the normal Y input, a 

I 
"bow tie" pattern resulted, making judging distortion 
easy. But the tones had significant distortion and the 
third harmonic lock was unstable. Over the years I tried 
to improve it by various means, including the use of 
function generator ICs. This design, which offers max- 

I imal features but minimal complexity, is the final 

I product. 

operation 
For normal operation the output is connected to the 

microphone input or phone patch input of the trans- 
mitter (see fig.1). The oscilloscope is usually con- 
nected to the RF output via an XI0  probe; the RF out- 
put is then connected to a 50-ohm dummy load. Turn 
the transmitter and the test generator on and adjust 
the balance and level controls for minimum valleys and 
peak output as shown in fig. 2A. The switches should 
be in the "normal" and "600 Hz" positions. The scope 
output may be connected to the "external trigger" or 
"channel B" input to the scope and used to syn- 
chronize the display. Varying the phase control will 
shift the display horizontally. 

For a "bow tie" pattern, shift the scope output of 
the generator to the X input of the scope. Adjust the 
X channel gain for full horizontal display. With the 
transmitter on, a pattern similar to fig. 3 should occur. 
Rotate the pattern with the phase control to produce 
a "bow tie" pattern similar to the one shown in fig. 
28. (Figure 28 was taken with a commercially built 
Amateur transceiver and appears to be perfect, yet 
slight variations in linearity are clearly visible in the 
"bow tie" pattern of fig. 28.) Figure 4A shows a pat- 
tern produced by a transmitter with severe crossover 
distortion caused by low screen grid voltage and fig. 
48  depicts the same with a "bow tie" display. Figures 

By Bill McLagan, YBSATAIWA7AQN. 
C/O MAF, Box 239, Sentani, lrian Jaya, 
Indonesia 99000 
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fig. 2A. Output of a commercial transceiver. standard two- 
tone pattern. 

. 

ANTENNA 

FREQUENCY 

T R I N S Y I T T E R  

EXTERNAL 

fig. 1. Test connections, two-tone test generator to trans- 
mitter. 
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- 
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table 1. Measured power output of a transceiver under 
test. 

Single tone 
Two-tone 
Two-tone, pseudo voice 
Voice I"e" as in "hello") 
Voice. as above, 20 dB 

compression 

120 watts 
60 watts 
15 watts 
15 watts 
50 watts 

L-- --- - ' fig. 28. Output of a commercial transceiver. bow tie pattern. 

5A. 56.6A. and 6B show two different kinds of dis- 
tortion and the resulting patterns. 

Figure 7 shows a display using the "modulated" 
feature to reduce the average power to that encoun- 
tered during modulation. The synch switch is changed 
to 75 Hz to synchronize the display. Relative power 
levels for each mode as measured on a commercially 
built Amateur transceiver are shown in table 1. 

For precise frequency measurement, a single tone 
is fed into the transmitter. The audio frequency is 
added to (for LSB) or subtracted from (for USB) the 
counter reading to arrive at the correct carrier 
frequency. 

theory, digital section 
U1, a CD4060, contains an oscillator and a 14-stage 

binary divider. Y1 can be either a 3.579545 n/ crystal 
(producing output frequencies of 582 and 1746 Hz) or 

a 3.6864 crystal (producing output frequencies of 600 
and 1800 Hz). The tenth binary stage puts out a 3600 
Hz square wave, which is fed to U3, a CD4017 decimal 
counter set up to reset on the third count, resulting 
in a 1200-Hz asymmetrical square wave. 

Both the 3600 Hz signal and the 1200 Hz signal are 
divided by two by U2 to produce 1800-Hz and 600-Hz 
symmetrical square waves. The 1800 Hz signal is 
locked to either the leading or trailing edge of the 600 
Hz wave via differentiator C17 and R4, which triggers 
the reset input of the 1sOO Hz divide-by-two section. 
S4 permits triggering from either the Q o r 3  output 
of the 600-Hz divide-by-two. This insures that the 
generator will always start up with the same phase 
relationship and permits changing the phase 180 
degrees to compensate for the less-than-360 degree 
phase shift available from the "fine" phase control. 
U7 further divides down the signal to provide 75 Hz 
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Move into commercial 
satellite communications and 

home satellite TV with NRI's latest 
training breakthrough 
Exp lo re  Every  Aspect o f  Satel l i te Trank 
miss ion a n d  Reception A s  You Assemble, 
Install,and T r a i n  W i t h  t h e  Complete 
'I'VHO System Inc luded in Your Course 

\ViIh ltxlny's at14lit1* I~TIIII~IIII~~ ;I call to Paris 
is ;a cl~wr i l r~d  as rilsv 10 make as ;I call next door 
. . . ~*xrrutiv~.s usr vidrc~ c(~nlrrrncing to "meet" 
wilho~ll  It-aving their offices. . . simultanennsly, a 
b i l l i ~~n  pwpl'lP w i l n s ~  a single event (a soccer game. 
an ina~~#~ral ion, a I ~ n e f i l  r ~ r k  crtncert). . .ant1 
scientists cxplore the2 rnvslrric~s of outer space 
w i l l~ (~u t  It3avinq their lal)s. 

These ;~n~;~zinu anulications of satellite 
Iechnc~logy have ~&;l;tl op exciting new oppnrtu. ., . - . 
nilirs for Ihr  Iechr~iciar~ trained 118 i~~stall. maintain, 
I roul~ lc~sl i~~(~t ,  and r~.p;~ir satrllilc cr~n~ni~~nications . . . . 
e~r1111~1111~'111. 
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E x l ~ l o s i v e  I:uture 
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NRI  B r i n g s  Satel l i te Technology Down 
t o  Farth 

NltI trains you thoio~rt~hly in haqic electronics. 
romnl~~nic;~lions, and televisirm principles. IJs in~ the 
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Ry training with an aciual IVRO system, yon'll 
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11's harids-on tn~iriing, at I~IIII~.. . . clc.sigricrl 

11;rsis. 

Make  Your M o v e  I n t o  t h e  Fu tu re  Today! 
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for the modulator and 0.146 Hz for the LED "on" indi- I cator. The LED flash provides a visible indication of 

fig. 3. Bow-tie pattern before adjustment of phase control. 

fig. 4A. Severe crossover distortion, standard position. 

fig. 48. Severe crossover distortion, bow-tie pattern. 

the operation, yet avoids the 10- to 20-mA drain of 
a steady lamp. 

theory, analog section 
R5, C5, R6, and C6  provide two poles of lowpass 

RC filtering to reproduce a near sine wave of 1800 Hz. 
I've found that when converting a fixed frequency 
square wave to sine that multiple RC lowpass sections, 
operated well beyond cutoff and followed by an op 
amp to recover gain, is simple and effective. In this 
case, very low distortion is needed so U4B is con- 
figured as a multiple-feedback bandpass filter. U4A is 
set up similarly, but for the 600 Hz channel. The ser- 
ies resistors in the RC sections may have to be 
changed slightly to adjust for equal gain through each 
channel and/or set the output of the bandpass filters 

fig. 5A. Minor distortion, higher levels emphasized. standard 
pattern. 

fig. 58. resulting bow-tie pattern. 
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fig. 6A. Minor distortion. higher levels deemphasized, stan- 
dard pattern. 

to  approximately 1 volt RMS. Both signals are mixed 
together at the balance potentiometer and go to the 
the transmitter through a voltage follower, U4C, and 
the level control. Up to this point, the circuit is similar 
to any conventional two-tone generator. 

To obtain the "bow tie" pattern, the low tone must 
be sent to the X channel through a phase shifter to 
compensate for phase shift in the transmitter. U4D 
inverts the 600 Hz tone and feeds one side of phase 
shift network C13 and potentiometer R20. Nearly 360 
degrees of phase shift is possible. Voltage follower 
U5B presents a high impedance load to the output of 
the phase shift network and drives the scope isolation 
transformer, TI.  Note that the secondary of T I  is kept 
floating from the chassis. Without DC isolation, severe 
problems with ground loops often occur. Care must 
also be taken with oscilloscopes that have a simple 
X input because they can be easily overdriven by the 
several vplts available at the scope output. A 500-ohm 
to 500-ohm transformer could be used as well. 

To provide the modulated function, the 75 Hz 
square wave is converted to a near sine wave by three 
poles of RC filtering followed by gain recovery stage 
U5A. The 75 Hz signal enters the AGC input of U6, 
varying the output at a 75 Hz rate. 

construction 
I built the prototype using perf board, IC sockets, 

and point-to-point wiring using 30 gauge wire. Later 
I made a circuit board. Either way works fine. In the 
unit shown (see photo 11, I used some exotic dual- 
section pots with push-pull switches from my junk 
box, but normal pots will work just as well. I also added 
an extra 9-pin plug to allow the use of individual 
adapter cables to various transceiver microphone 
inputs and a switch to key the transmitters on. The 
case, battery holder, and switches came from Radio 

fig. 66. Resulting bow-tie pattern. 

fig. 7. Pseudo voice pattern using "Modulated" functions. 

Shack. Mylar capactors should be used in the filter 
sections and the phase shift network. The 0.1 pF 
capacitor shown in the power supply line should be 
placed directly across pin 16 and 8 of U1. 

alternatives 
One alternative that might be tried is using a 32 kHz 

watch crystal. In this case, R1 should be changed to 
10 Megohms and R2 to 680 or 750K. Only four stages 
of binary division would be required to produce 4096 
Hz at the input of U2A, resulting in input tones of 2048 
Hz and 682.66 Hz. The TL084 and LM353 ICs were 
used because they produce very little distortion. An 
LM324 and an LM348 could be used if resistors were 
added from the output of each amp to either ground 
or Vc, to cause the IC to always supply current in one 
direction. The crossover glitch is very visible on a sine 
wave. Don't omit the load resistors on the trans- 
formers; if you do, significant distortion will result. 
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40 TUBULAR H D MAST 

TOP-OF-THE LINE 
HF TRANCEIVER INSTOCKFOR IMMEDIATEDELIVERY 

55' TUBULAR H.D MAST 

GREAT PRICES.CALL SALE! $899 SIMPLEX-REPEATER- 

.Why You Should Buy. 

1. Will handle 10 Sq. Ft. 

2. Pleases neighbors with 
tubular streamlined look 

3. In stock for quick dellvery 
4. Other models at great 

11 D Outstandlng 
performers In an 

Ideal package sue INSTOCKFOR IMMEDIATEDELIVERY GREAT PRICES. CALL 

Deserves 11s well- 
earned repulatlon 
as the leadtng HT 

3 IN/30 OUT 
51' CRANK-UP 9 SO FT 

CALL FOR PRICE 
WINDLOADING 

NEW OAKLAND 
CALL TOLL FREE 
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Superior Grade General 
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.$-399' 
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IC-37A (25W.220MHz.FM) 

IC-47A (25W.70cm.FM) 

L 
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The Latest ~n ICOM's Long 
L ~ n e  of HF Transcetvers I 
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new equipment - 
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1.2 GHz Transceiver: 
The First Full-featured 
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IC-PAT 
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I fig. 8. Schematic of two-tone test generator. 

If you want to operate the two-tone test generator 
from an external AC or DC supply, or to ground the 
case to some external test equipment, an isolation 
transformer must be added to the audio output. In this 
case, T I  would not be needed, and the scope could 
be driven directly from voltage follower U5B. I tried 
this in one case and it worked fine. Again, don't for- 
get to to terminate the transformer correctly! The 
power supply can be anything from 8 to 14 volts but 
must have very low ripple. I would recommend a three- 
terminal regulator in this case. 

testing the circuit 
Plug in the digital ICs. Use some form of current 

limiting in the power supply - to begin with, a 10-ohm 
resistor in series with a battery or a current limiting 
power supply. Turn the unit on and determine that 
normal current is flowing. Check for 3600 Hz, 1800 Hz, 
1200 Hz, 600 Hz, 75 Hz, and 0.146 Hz at the places 
shown. If the lamp begins to flash every 5 seconds 
or so, then you can be sure most of i t  is working. 

Plug in U4 and U5. Place a scope probe at the out- 
put of the 1800 Hz sine wave generator, U4B, and 
adjust R8 for maximum. Approximately 2 volts peak- 
to-peak should be present at this point. If the level is 
too high, causing distortion, and everything else 
checks out, increase the values of R5 and R6. In the 
same way, check out the 600 Hz sine wave genera- 
tor. Move the scope to the output connector. Look 
for about 2 volts peak-to-peak of combined 600 Hz and 
1800 Hz as the balance control is varied (with level at 
maximum) and for normal operation of the level con- 
trol. Check at the output of U5A for a 75 Hz sine wave. 

Put the scope on the output again, adjusting for 
1800 Hz only. Put the S2 in the "mod" position and 
adjust R33 and R30 to produce approximately 100 per- 
cent modulation of the 1800 Hz tone with a peak level 
equal to the level in the "normal" position. Some inter- 
action is present between these two controls, so 
several adjustments may be necessary. Turn the 
balance control for only a 600 Hz tone and check for 
approximately the same peak voltage in the "mod" 
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i and "normal" positions. The only glitch I've noticed 
in building several units is a tendency to oscillate when 
the level control is set at maximum. This occurred on 
a unit that used ribbon cable to connect the controls 
to the PC board, and since the level control is rarely 
at maximum in operation, I decided to ignore it. 

conclusion 
A two-tone generator with a "bow tie" pattern 

I makes it easy to check linearity in an SSB transmit- 
ter. In fact, I found I had to be careful because I ended 
up trying to correct linearity problems that were nor- 
mal to  the equipment! But on the whole, it has made 
SSB servicing much easier and is certainly less expen- 
sive than a spectrum analyzer. 

ham radio 

r SHORT CIRCUIT HOTLINE - 
Building a current ham radio project? Call the 

Short Circuit Hotline any time between 9 AM and 
Noon, or 1 to 3 PM - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's Log," April, 1984, page 6. for 
details.) 
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GLB ELECTRONICS 
presenl i  

Model PKl-L 
LOW 25 mA Current dram 
Desnqnsd lor porlsble or solar- 
pDWCrC0 51i1110"* 

M#n,a!<irr sic-Lfqhl~elqhl 
Ruonetl all metal, shielded enclo- .. . 

SUI'I 

On noara Lllhlum Ballery RAM 
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Standard 08.25 Canneclorr 
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Comes wlln RK o l  RAM 
Remote Conlmand Mode lur Unal- 
ICIIdPd OllE(8110" 

Haxlware command lockoul lor 
T*LUIIIY 
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MoOcl PK1 

R ~ t d t n s  all other leatvrsr o l  Ihe 
MDOBI PK1 

Extra 110 lhnel lor SWI~I aDolica- 
t#",>S 

PO1.t nqulnment: 
9 10 15 V0119 DC d 25 mA typical 

D lmn~lons:  
4 6 X 5 9 0 X  10nnches 

ToI.1 Welphl: 
12 ozs 

PKIL-wir~a and Tested 
LIE!- 1239 95 
Arnaleur nol- 1209 95 

GLB MODEL TNC2A KIT 

Juat ha v o u m q h l  T*Pn W . 2  Kns 
were a tntng 01 the ~ $ 1 .  OLB - thc lmrrl 
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GLB Model TNC-2A K I ~  

COMPLETE KIT ONLY 
$154.95 NMOS 
$169.95 CMOS . Iw,,". 

- - 

1 converts Your HT to a powerful 1 
n Mobile Unit 

I CMC COMMUNICATIONS, INC. 
5479 Jetport Industrial Blvd. Tampa, FL 33614 

Phone: 813-885-3996 I 
- 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Otller AMSAT Membership Betlefits: 

ORBIT Magazine Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Const~ct ion of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
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troubleshooting II: 
solid state circuits 
Last month I discussed methods 
for isolating the dead stage in a radio 

COLLECTOR COLLECTOR ;iOMTTER Ee P N P  ToMlTTER €8 N P N  

fig. 1. Specific voltage drops across base-emitter and collector-emitter junctions help 
determine if the transistor is functioning. 

it up. Consider fig. 2. Here we have can often be located from the service 
a cascade chain of three stages in a manual, but in some cases you'll have 
radio receiver. Each stage consists of to fake it. Look for the electrolytic 
a PNP transistor that's powered from "filter capacitor" used to decouple the 

receiver. These methods - signal 
injection and signal tracing - are 
capable of showing us which stage is 
bad, and from there we can do further 
troubleshooting to isolate the faulty 
component. 

In this installment, we'll look at 
another method that I learned more 
than two decades ago when solid-state 
car radios first appeared on the mar- 
ket. This method uses a DC voltmeter 
to isolate the faulty stage. It's not fool- 
proof, but is well suited to many appli- 
cations - especially when combined 
with other methods. a positive DC power supply. The col- B + line (C1 in fig. 2). This filter capa- 

First, let's look at fig. I .  Here we lectors of the transistors are near citor will denote the proper line (unless 
have NPN and PNP transistors. In ground potential, while the emitters you accidentally selected C2!), and 
most amplifier circuits the base-emitter and bases are closer to the + 10.5 volt usually has enough of a tab to allow 
voltage will be 0.2 to 0.3 volts for nor- "B + " line. If you measure the collec- connection of the voltmeter probe. 
rnal germanium transistors (used in tor voltage with respect to ground, The voltage drop across the emitter 
older equipment) and 0.6 to 0.7 volts you'll find it very slightly positive, while resistor of each stage indicates the cur- 
for silicon transistors. In a PNP tran- the emitters are at a much higher rent conduction of the stage. If the 
sistor the base is more negative than potential. Thus, the collector's being service manual does not give the nor- 
the emitter, and in an NPN transistor less positive "causes it to perform as mal voltage drop, then calculate it 
the base is more positive than the if it were negative." from the emitter potential printed on 
emitter. Voltmeter "A" will measure the the schematic and the B + voltage. In 

Further, the collector will be more potential between the points being the case of the IF amplifier of fig. 2, 
positive than either base or emitter in measured (in fig. 1, an emitter) and for example, the emitter voltage is 9.1 
NPN transistors," and more negative ground. If the voltage is near normal volts, while the B + voltage is 10.5 
in PNP transistors. Keep in mind that at each stage, then we can assume volts. The normal conduction of this 
the term "more negative" can mean that there are no massive short circuits stage will be indicated by a voltage 
"less positive" in some cases. I know - but we can't get a hint of whether drop across the resistor of 10.5 - 9.1, 
that's confusing, so let's try to clean the stage is working properly. or 1.4 volts. Any radical departure 

Voltmeter "B" is connected with its from this value indicates a problem. 
the stage In the positive electrode on the B + distribu- For example, a shorted transistor 

voltage WIII drop betow the base voltage - I e , tion line, and the other used to probe would send that conduction voltage 
" c E ~ ~ ~  and V , , E ~ ~ ,  the emitters of the stages. The B + line (across R31 up to near 10 volts, while 
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a leaky transistor would place the vol- whether in a receiver or transmitter will be higher at the low end of the 
tage somewhat lower but still larger VFO, will behave a little differently. In band, and lower on the high end of the 
than 1.4 volts. Similarly, an open emit- most cases, the DC conduction of the band (with a smooth transition as the 
ter (or other condition that cuts off the oscillator transistor varies with fre- dial is tuned). A sudden discontinuity 
stage) will reduce the voltage across quency setting. Typically, the voltage in this transition might indicate a sud- 
the emitter resistor to nearly zero. 

We can isolate the defective stage 
by looking at each emitter voltage in 
turn. Most often, the defective stage 
will show up from an anomally in the 
emitter conduction voltages. 

Radios with NPN transistors in the 
stages are similarly treated. Figure 3 
shows a radio with NPN transistors 
powered by a positive-to-ground DC 
power supply. The collectors of these 
transistors will be close to the B + 
potential, while the emitter and base 
voltages will be a lot lower. The values 
shown in fig. 3 are typical, but they 
are not to be held as absolute (there 
are a lot of design choices that could 
alter the values, so buy and consult the 
service manual for your rig). 

As in the case of the PNP stages, 
the NPN emitter conduction voltage 
denotes stage activity. In this type of 
circuit, however, the reference is 
ground instead of the B + line. The 
principle is the same, however. We 
can check each conduction voltage in 
its turn and determine whether any of 
them are off. Fortunately, there are 
fewer calculations to make in this type 
of circuit. The emitter voltage on the 
schematic is the conduction voltage. 

Both of the methods discussed 
above assume that there is a positive 
with respect to ground DC power sup- 
ply. This arrangement is used in all 
modern American automobiles, so will 
be found typically in mobile rigs. In 
home rigs the DC power supply is 
often the same positive with respect to 
ground as shown here, but that is not 
necessarily so. It might be the case 
that the power supply is negative with 
respect to ground, or that there are 
two power supplies (one positive to 
ground and one negative to ground). 
The principle in these cases are the 
same, only the point of voltage refer- 
ence will change. 

Variable frequency oscillators, 
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fig. 2. Voltage drops across the emitter resistors determines if the PNP transistors are 
operating properly. - - 
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fig. 3. With NPN transistors, emitter resistor voltage drops are usually determined just 
by measuring the emitter voltages (with respect to ground). 



4 Kantronics ':PCm? @bo 
N O W  - AX.25 VERSION 2 

for ANY computer, the 
Packet Communicator I I  

Can you imagine a TNC that has a 
built-in HF modem and tuning aid, 
AX.25 version 2 protocol, multiple 
connects, and both TTL/RS-232 levels 
at the computer port? Well, it's here! 
Entroducing the Kantronics Packet 
Communicator 11, KPC-2 for short. 

KPC-2 is the only TNC you will need, 
even if you change computers. KPC-2 
interfaces with ANY computer that has a 
serial RS-232 or TTL (C-64/VIC-20) 
port. The generic command structure, 
similar to KPC-1 but enhanced, fits any 
computer, even the PC compatibles. 

In addition, KPC-2 features totally 
new hardware and software - KPC-2 is 

not a clone. And, of course, KPC-2 is 
enclosed in the now industry standard 
Kantronics extruded aluminum case. 
For more information contact 
Kantronics or a Kantronics dealer. 

Want more information on Packet? 
Contact us about our new PACKET 
VIDEO, great for a club program or 
instruction. $22.50, VHS or BETA 
format. 

II(2 Kantronics 
1: 4 2:rtl ',tre.?t iCI131R42 774'. 

wwrenre KJnra5 i,f>nqil 

THE CHAMP 
Two Elements $235.00 
Extra Elements $164.00 

Pr~ce is F.O.B. Transcona 

INCLUDES U.S. Customs 

KIT COMPLETE WITH 

*BALUN KIT 
*BOOM WHERE 

BIRD MODEL 4304 

NO ELEMENTS WINNER 01: hlANITOBA 

25-1000 MHZ 
DESIGN INSTITUTE 

AWARD OF EXCELLENCE 
RF SAMPLING PORT 

Buv two element.$ now - a third and fourth 
AIRY~RIZED .m#w DtSTRlWlm mqv be added larer crrh l i t tk efforr. 

IEkEl Enj0.y up to R dh f i~rward RUIn on DX.  with 0 
25 dh back to /ronr ratro and e.rcellenr side 
discr~minarion. 
Ask for our new 2m Quad Kit when you order 

WEBSTER COMMUNICATIONS INC. your Gem Quad. I! 'r FREE for the askm.?! 
115 BELLARMINE GPI ma.vimum srructural .srren~rh wrlh low 

ROCHESTER. MI 48063 wei~hr.  usinl: orrr "lrrderrc" arms. Please m- 
313-375-0420 quire directh to: 

CALL TOLL FREE 

800-521-2333 GEM QUAD PRODUCTS LTD. 
800-482-3610 Transcona Manitoba 

Canada R2C 225 
I/ 1oa 

COOPER 
INDUSTRIES 

BELDEN 

BEUIEN 
9913 low loss, solid center conductor, toll & braid 
shield . excellent product ................... : ......... 45Un 

.......................................... 8214 RG8 f w m  434n 
................................................... 8237 RG8 40Cm 

................................................. 8267 RG213 52GTl 
.......................... 8262 RG.58 du milspec .... 16am 

.......... I ....................... 
8000 14go stranded copper ant. wire l3GTl 
8448 8 conductor rotor coble 31Cm 

....... 9405 as above but HD-2-16ga. 6-18ga 52Cm 
RAO3 Mic cable 3 condctr & shleld ....... 80W I 

.............. I iodieet 8214 Hsods inslolled 
....................... .... 45.00 

9258 RG 8X .19C/fl  I 
POUCIES-MASTERCARDS, VISA or CQD 
All prices FOB Houston. Texos. except as noted. 
Prices subiect to chonae without nolica subiect to 
prtor sole' ,sea eeor-so~n or ce relunded 11 no1 
sol SfIW Call owl me lo cnecr slotus ot m ~ r  oraer 
Texos residents add sales tox 

I FOR MORE INFORMAllON CALL 
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MEC 71cr 

I MICROCOMPUTER ELECTRONICS CORPORATION NOW OFFERS 
THE M.E.C. 71a COMPUTER CONTROL INTERFACE THAT WILL 
CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. 

an aulhorlz( 
ter. 

via compu 
nels. 
nemory lot 

ter printer 8 

MAIN MENU Control center lor 32 CH RADIO MEMORY ! ,UXILIARY MEMORY Show- 
entire system. Showing: 24HR Ing freq lo 10 Hz, mode. . .. ..lg page 1 ol 47 pages each 
UTC lime; radio lreq, & mode; win. Loadlchangeany memory, having IS metnones. Freq. 
memory CH, freq, mode plus ID mode, filter direct from key- mode. UTC time and room for 
functlons for your selection. board and print command. your notes. Aulo log feature 

allows instant logging of 
receiver freq, mode, Ifme. 

Easy to use. No computer knowledge . HARD copy of all 
needed. automatic program loading. No memory 
disk or tape required (except for aux . memory storage). 
Menu drlven to aid user at each step. 
No radio modlflcation necessary (ICOM 
EX309 - not supplied - required). 
AUTO LOG Allows logging of radio freq. ( + $4.00 UPS) 
mode and time by press of a key. E X ~ W  nqulnd but not I~IUM. PII~: ~ 8 . w  
UNLIMITED STORAGE via computer 
disk or tape (store 705 CH per disk side). 
Let your imagination run wild. 
Software update. As new software is 
developed MEC will make it available lo 
owner subscribers. 

KI ICOM de aler and UH 

I ORDER TOLL FREE 800-368-3270 1 
harges no1 
lject to 204 
g in USA; & 

! included 
b restock c 
111 others 3 

Prices & specs subiect to change Tech Inlo - VA orders 703-938-3350 
Shipping cl 
Returns sut harge ELECTRONIC EQUIPMENT BANK 
Free catala lRC's 516 Mill Street NE 

Vienna, VA 22180 USA I 
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Our Very-Hard-To-Find Components List 
CAMBIAN RF CHOKES 

15,,t> 22"h. 33"h 4 7 ~ n .  1 0 ~ h  1 20 ea 
UNDERWOOOISEMCO METAL.CLA0 MICA CAPACITORS 
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TypeIHSWOB: 2501 3 0 ~ 1 3 5 ~ 1  4 0 ~ 1 . 5 6 ~ 1 6 H ~ I  91 PI 1.60 ea. 
TypeJ102: lOOOpl 2 M I e a  
P.C. BOARDS FOR MOTOROLLA BULLETINS 
AN 762 EB 27A.EB.63 AN758 EB 67 14 00 ea 
AN-791 10 M) ea 

FERROXCUBE DEVICES 
VK20C120148 RF Choke 1 20 ea 56-590.65.36 Ferrlle Brad 0 20 ea 

MISCELLANEOUS 
Arm403 Tx~rnrner Cap3 35pl 1 80 SBL-1 Double Balanceti M~xef  6.50 
SpraqueGYA10000 Poly Trlm 2- lOpl  1 10 T25.10 Torlod Core 0 4 0  
NF2 12V Aromal Relay 6 25 T373Torlod Core 0 40 

We also carry a llne 01 VHF. UHF amplrlrers and A T V  equrpmenl 
Call or wrlfe lor our tree caraloq 

Communication 2 =Concepts lnc. W r 1a 
.A,>* hl,,,tt, nl.l.l,ll, A r v .  Ilaylnn On1o4i i?( l . ( \ IJ /236 1111  
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"ABSOLUTELY 

,-.-- ' ~ 

HAMFESTo 
GAME m.ss 

VALUE 

We will ship you our unique version 
HAMFEST'O 1986 board game. 
designed especially for Amateur Radio 
operators and their families "absolutely 
free" with your oneyear "trial" subscrip 
tion to the USATVS Journal! This unique 
"collectors item" includes dice, special 
event cards, player tokens, play money 
and comes with complete instruct~ons. 
It even has its own protective mailing 
tube container! 
Please add $1.50 to offset mailing costs. 
Foreign orders add $5.00 (sent surface). 

THE SPEC-COM JOURNALTY is a 
"monthly" publtcation (10 times per 
year) devoted to Amateur Radio "spe- 
cialized modes". Whether your interests 
are in FSTV, SSTV. FAX. TVRO, 
OSCAR. EME. RTTY. PACKET, MICRO- 
WAVE. LASER, or COMPUTERS, the 
Journal covers it all! Now in our 19th year 
(formerly A5ATV Magazine), our "Mem- 
bership Services'' department offers 
back Issue and article reprints, a vast 
technical book library, educational video 
tapes and a large computer software pro- 
gram collection for your home computer! 
Why not give us a try? 

USAlCANADAlMEXlCO $20.00 yr. 
Foreign subscriptions $30.00 (surface) 

"TUNE IN 
THE WORLD 
OF SPECIALIZED 

- COMMUNICATIONS!" By t A with a subscription to: 

SPEC-COM" 
Amateur R a d i o  Specialized 

Communication Journal 
P.O. Box HR 

Lowden, Iowa 52255 

@$is, 
4.. Adam iu mi 

(319) 944-7669 
clulpe cnld orders (Membership Services) 
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den cessation of oscillation (or a para- 
sitic developing) at that point on the 
dial. 

Crystal oscillators behave in a simi- 
lar manner. If the crystal selector 
switch is changed, then the voltage 
can be expected to change also. If the 
crystal is removed, then the voltage 
will usually change radically. 

By the way, don't remove crystals 
willy-nilly. In some cases, especially 
when the next stage is a grid-leak 
biased vacuum tube power amplifier, 
damage might occur to theequipment. 

an ambiguous case 
There are three ways to stage iso- 

late a dead radio receiver. In part I of 
this two-part series, we reviewed sig- 
nal injection and signal tracing and in 
this article we discuss using a DC volt- 
meter to find the defective solid-state 
stage. But some situations are not as 
clear. 

Consider fig. 4. This circuit is a sim- 
plified audio section, with only the 
preamplifier shown in detail. The com- 
bination of AF preamplifier and output 
power amplifier may be capacitor cou- 
pled (as shown here), direct coupled 
or in the form of a single integrated cir- 
cuit housing both stages. The symp- 
tom is weak reception. All stations 
are heard, but at very low volume. If 
you read last month's article, you'll 
recall that this symptom generally 
points to the output IF amplifier, 
detector or audio stages; but in this 
case, it's the audio stage that contains 
the fault. 

I've seen a lot of cases where the DC 
voltages on Q1 were normal and there 
seemed to be adequate signal passing 
through the stage regardless of 
whether signal injection or tracing was 
used. The ambiguity will show up 
except in the very special case where 
the sensitivities and impedances of the 
signal generator and signal tracer are 
matched to the particular equipment 
being serviced (some "radio analyst" 
instruments used by commercial ser- 
vicers fall into this category). 

In the event that this ambiguity 

v+ 
0 

O U T P U T  

P O W E R  A M P L I F I E R  

P R E A M P L I F I E R  

bypass capacitor. 
fig. 4. Loss of gain in audio stages can sometimes be attributed to an open emitter 

shows up, jump on capacitor C2. This 
capacitor is used to place the emitter 
of Q2 at or near ground potential for 
AC while retaining the DC bias on the 
emitter. If this capacitor opens up, the 
gain of the stage will go down one 
heckuva lot without (usually) affecting 
the DC voltages. Turn the rig off, 
solder tack a replacement capacitor 
across C2 (the exact value isn't criti- 
cal - anything +200 percent of the 
correct value will do for the test). Turn 
the rig on. If the output volume comes 
up  a lot, then mark C2 for 
replacement. 

I don't know why it is, but this 
problem seems to keep popping up. 
I've seen it in varying degrees in car 
radios, home radios, Amateur radios, 
CB radios and commercial two-way 
radios. It also turns up in vacuum tube 
equipment. 

Old Gear Restorer's Note: If you 
restore an old Heath DX-GOB (or other 
older transmitter) and find the RF out- 
put intermittent as the rig is keyed, 
then look to the plate circuit of the 
crystal oscillator. This circuit is a modi- 
fied Miller oscillator, and has a slug- 
adjusted inductor in the plate circuit. 
When the rig is stored, unused for 
several years, the core of this coil will 

change characteristics, and the oscil- 
lator will refuse to oscillate reliably. I 
scratched my head over two of these 
rigs last year and finally stumbled on 
the answer. While keying the rig, care- 
fully adjust the slug until reliable oper- 
ation occurs (as indicated by a light- 
bulb dummy load or RF wattmeter), 
then give it another turn or so. 

Incidentally, similar circuits are used 
in a lot of older ham gear, both 
vacuum tube and solid state, HF and 
VHF. Anytime you have a piece of 
equipment with an oscillator of this 
type that seems to operate intermit- 
tently or unreliably, and everything else 
seems to check out, then consider 
adjusting the coil. 

Normally I don't recommend "did- 
dlestick" troubleshooting - to the 
extent of hollering "NEVER!" when 
someone suggests it. One of the few 
possible exceptions might be in equip- 
ment that has been unused for many 
years, and contains ferrite core coils in 
oscillator circuits. I still maintain that 
sudden failures in equipment that has 
been working should be regarded as a 
component failure, not as an align- 
ment problem so in that case, leave the 
darned diddlestick in the toolbox! 

ham radio 
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PACKET RADIO . . . 
... THE FASTEST GROWING PART OF 

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

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

ALL YOU NEED FOR PACKET OPERATION 

IS A PACKETERM IPT AND YOUR RIG ! 
~ e s i g n e d  for true portability, the IPT is equally at  home in  your ham shack or  
(wi th  i t s  optional carrying case) treking in the country for battery powered 
hilltopping! 
Asingle cable connects t o  your transceiver .... thats all there is t o  i t !  
Use i t  w i th  your base station, mobile, or  w i th  your HT on that  hil ltop!!! 
FEATURES: * * 9 inch portable terminal a n d  full function tnc combined 

66 commands available - the most widely used, f ie ld  proven 

programming. 

* * Built-in LSI modem ; 300 o r  1200 baud, 200 o r  1 kHz audio shi f t  

stores setup parameters with p o w e r  off - uses lithium battery 

* custom "beacon" text  -- you r  call, qth, etc. in permanent memory 

74 key, full travel keyboard with 14 function keys fo r  commands, 

ca lls, e tc. 

* pr inter port - RS232C serial 

* opt ional  printer, carrying case, a n d  dc adaptor (13.8 VDC) 

@acketerrn* PRICES: IPT COMPLETE $995 
Box 835, Amherst, NH 03031 

(603)-673-6630 

PRINTER $349 

DC ADAPTOR $1 25 

TNC (BOARD ONLY) $275 
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the offset drooper 
an improved ground plane 

Reduce antenna effect 

and still achieve 

a 50-ohm 
feed point resistance 

The original "ground plane" omnidirectional 
antenna was developed in the late 1930s jointly by Dr. 
George H. Brown, J. Epstein and R. F. Lewis, 
W2EBS, all of RCA Laboratories. It consists of the 
long-familiar configuration of a vertical quarter wave 
"spike" working against four resonant radials at 90 
degrees to the mast. In the original version, patented 
in 1941, the feedpoint impedance is matched to the 
coaxial feedline by means of a quarter wave coaxial 
"0" section. A typical Amateur adaptation is shown 
in fig. 1. In 1942 Dr. Brown patented, solely, the ver- 
sion shown in fig. 2, which has several advantages 
over that of fig. 1. 

These basic "ground plane" antennas exhibited less 
antenna effect (surface current) on the mast and feed- 
line than did other omnidirectional VHF antennas 
widely used at the time. However, the four radials at 
90 degrees to the mast are somewhat "transparent" 
and definitely resonant. For this reason they may be 
considered more a part of the antenna than a virtual 
ground plane for the "spike." Semi-infinite ground 
plane characteristics would allow little radiation below 
zero degrees elevation. Such a pattern might be un- 
suited to a mountain top location or a swaying free- 
standing mast. 

Because of the direction of current flow in the 
radials, the resultant radiation from the individual 
spikes results in good cancellation, and there is little 
net radiation from them. The fact that one may touch 
the tip of one radial with little effect on VSWR doesn't 
mean that the radials do a good job of simulating a 
large, flat conductive sheet. Because of the quarter 
wavelength of the radials, pinching the tip of one ele- 
vates the impedance at the opposite end and effec- 
tively isolates it. The remaining three radials simply 
take over, with only moderate detuning of the 
antenna. 

The result of all this is as follows: the performance 
of a "90 degree" ground plane represents an irnprove- 
ment over several previously popular base station 
antennas. However, while orienting the resonant radi- 
als at 90 degrees does reduce inductive coupling to 
the coaxial line and mast, it doesn't effectively elimin- 
ate it. The coupling is sufficient that the resulting 
antenna effect may be found undesirable for some 
applications. 

Long popular among hams for VHF and upper HF 
is the "droopong" ground plane, a simplified, less ele- 
gant, low-cost descendant of the Brown ground plane. 
Simply bending down the horizontal radials to about 
45 degrees raises the radiation resistance to 50-52 
ohms. This permits direct connection of the coax 
without use of a matching device. A more appropri- 
ate description might be "skeleton skirt dipole," 
because the resonant drooping radials don't do a very 
good job of serving as a virtual ground plane. Instead, 
they exhibit more inductive coupling to the feedline 
than do radials at 90 degrees. 

Nearly 40 years ago, in the Antenna Manual, I 
pointed out that while the drooping ground plane or 
"drooper" is simple and works well, the configuration 
aggravates antenna effect. For the benefit of those not 
familiar with the term, antenna effect (transmit case) 
can be described briefly as follows: 

Antenna effect on a mo-wire line: refers to line radi- 
ation as a result of "common mode" current. Part of 
the power (energy) fed to the feedline travels on it as 
though the two wires were tied together and were 
working against ground. Usually it results from load 
imbalance and/or excessive coupling from one side 
of a balanced antenna to the line. Common mode cur- 
rent adds in one wire and subtracts in the other. This 
in-phase component of the total power fed to the line 
acts as though the two wires were in parallel. So it 
gets radiated. 

Antenna effect on a coaxial line refers to radiation 
from a coaxial feedline as a result of current flowing 
on the outside of the outer conductor. The current 
often is shared with the surface of a metal mast sup- 
porting a bottom-fed vertical antenna. Usually it results 
from either or both of the following: 

The outer conductor of the coax is directly con- 
nected to a point on the antenna not precisely at 

By Woodrow Smith, WGBCX, P.O. Box 2898, 
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fig. 1. Typical Amateur adaption of the classic (original) 
Brown ground plane antenna, suitable for upper HF use 
on a flat roof, or for upper VHF use on a mast. 

fig. 2. A later version by Brown eliminates the Q section 
and allows easy tweeking for a perfect match at a spot 
frequency. Useful where the antenna must be side- 
mounted on a shared mast of large cross section, or is 
other wise subjected to unpredictable detuning. 

ground potential. As a result, current flows not just 
to the antenna, but is encouraged to flow back down 
the outside of the coax shield to a virtual ground as 
well. The "ground" can be a cabinet at VHF or house 
wiring at HF, for example. 

Excess inductive coupling exists from one half of the 
antenna to the outside of the coax or metal supporting 
mast (or both). The radials of a drooping ground plane 
are a case in point. If the coax is enclosed by a metal 
mast, spurious current flows on the surface of the 
mast. If the coax is draped along the outside of a metal 
mast, current flows on the surfaces of both and both 
radiate. To complicate things, the mast can have its 
own virtual ground. 

is antenna effect all that devastating? 
At just what point antenna effect becomes serious 

enough to be concerned about is debatable. The 
amount of current that can be tolerated on the out- 
side of a coax line or mast or both depends to a great 
extent upon the following: 
On transmit, let's first consider a well elevated, verti- 
cally polarized, omnidirectional VHF antenna with a 
feedline many wavelengths long. What is the result 
of antenna effect? Normally little of the power (energy) 
radiated with vertical polarization from such a long 
feedline (and the mast) will be directed at the horizon. 
For this reason, little of the spurious radiation will either 
add to or subtract from the energy being radiated 
effectively towards the horizon by the antenna proper. 

So at VHF the end result of antenna effect on trans- 
mit is primarily a waste of power. But even if as much 
as 20 percent of the total radiated power is radiated 
by the coax, mast or both and thereby wasted, the 
resulting 1 dB loss is hardly anything to get worked 
up about. This is especially true when it buys worth- 
while simplicity, convenience, or economy. However, 
if the radiating coax passes close to a TV receiver feed- 
line, TVI may result if the TV coax suffers from poor 
shielding, or if the TV twinlead feeds a poorly balanced 
receiver front end. 

On receive, the situation is different. Consider a 
coax line running through a localized area of high 
ambient noise. Antenna effect can cause noise picked 
up by the outer conductor of the coax to travel up to 
the antenna proper, then back down the coax to the 
receiver input just like a desired signal. 

baluns vs. resonant isolators 
Baluns of the type used with HF dipoles to minimize 

antenna effect are not suited for use with vertically 
polarized VHF antennas of the omnidirectional type. 
Instead, resonant detuning sleeves, cones, and radials 
are widely used as isolators or decouplers to "cool off" 
the mast and feedline. To what extent these produce 
any practical benefit in a particular installation by 
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reducing antenna effect often is open to question. The 
use of coiled coax, ferrite beads, or a ferrite sleeve to 
choke off or dissipate surface current on the coax does 
not solve the metal mast problem. 

Granted, no startling increase in transmitted signal 
strength will be noted when a resonant isolator of 
some kind is added to a simple VH F drooping ground 
plane. But even so, suppose it were possible to achieve 
a big reduction in antenna effect on the drooper with- 
out adding a resonant isolator. Suppose the various 
resulting advantages (such as they are) could be 
achieved by simply altering the dimensions and the 
droop angle. 

something for nothing? 
It's not only possible; it's simple. And there are no 

additional parts or materials, and without any addi- 
tional manufacturing, construction, or assembly labor. 
Here's how: take the case of a conventional drooper 
that's supported by a metal mast enclosing the coax. 
Current is induced on the mast as a result of induc- 
tive (mutual impedance) coupling to the radials. If the 
coax exits the hub external to the mast (offset antenna 
mount), spurious current also appears on the outside 
of the coax. 

This detrimental inductive coupling can be reduced 
somewhat by reducing the droop of the radials (the 
angle they make with the horizontal). The remainder 
can be compensated for by deliberately introducing 
a critical amount of conductive coupling of opposite 
phase. This is done by drastically offsetting the feed- 
point from the voltage node. 

The offset required for good cancellation is accom- 
plished by simply making the radials as much as 30 
percent (yes, thirty percent!) longer than the spike. 
Because precise cancellaton is somewhat frequency- 
sensitive, the effectiveness will vary a bit over the 
2-meter band. However, in spite of the fact that opti- 
mized coupling neutralization is less than perfect over 
the whole band, the practical results obtained are most 
worthwhile. 

Offsetting the feedpoint from the voltage node 
raises the feedpoint resistance. On the other hand, 
lessening the droop angle lowers the feedpoint resis- 
tance (by lowering the radiation resistance). By proper 
choice of these two values, it's possible to reduce 
antenna effect dramatically while at the same time 
achieving a %-ohm feedpoint resistance. With an off- 
set represented by a 28-30 percent radial-to-spike 
length differential, a 27-29 degree droop angle provides 
both maximum reduction in antenna effect and a 
%-ohm feedpoint resistance. To some extent the opti- 
mum values vary with conductor diameter, mast 
diameter, and hub geometry. Less important is 
whether the coax departs the hub inside or outside 
the tubular mast. 

Neither the 1.5 VSWR bandwidth nor the antenna 
gain is noticeably degraded by drastically offsetting the 
feedpoint and reducing the droop of the radials. And 
in case you're skeptical about the horizon gain compar- 
isons, it's true that the spike is slightly shorter on an 
offset drooper. Likewise, the resultant vertical com- 
ponent or vector of the drooping radials is a little 
shorter for an offset drooper than for a regular 
drooper. But careful measurements show this does not 
affect the gain significantly. Increased current through- 
out the antenna resulting from the lower radiation 
resistance (about 35 ohms) compensates. Also, power 
wasted by line and mast radiation is reduced to insig- 
nificance. 

Out of curiosity, a check was made to see just what 
would happen if the feedpoint of a classic 90-degree 
ground plane were deliberately offset. When the res- 
onant radials were lengthened, an arbitrary 12 percent 
and the spike length and matching adjustment were 
re-optimized, antenna effect was virtually eliminated. 
However, overall performance was no better than that 
of an offset drooper, which has the advantage of 
requiring no matching device. Because of the latter, 
no further work was done with 90 degree ground 
planes. It is interesting to note that when resonant 
radials at 90 degrees to the mast were shortened 
experimentally by no more than a few percent, 
antenna effect was markedly aggravated. 

improvement over what? 
A check was made on drooper dimensions given in 

various handbooks and past magazine articles. Also, 
two different commercially manufactured 2-meter 
droopers were purchased and the dimensions meas- 
ured. The effective radial length ranged from slightly 
longer than the spike to slightly shorter. All were 
series-fed at the hub without benefit of a matching 
device. None employed a resonant decoupler, such 
as an extra set of radials below the antenna oriented 
90 degrees to the mast. 

' 

The reduction of antenna effect provided by drasti- 
cally offsetting the feedpoint of a drooping ground 
plane depends, among other things, upon how bad 
the antenna effect is to begin with. This varies some- 
what with location of the voltage node on the regular 
drooper used for comparison. For instance, antenna 
effect definitely will be worse if the radials of a regu- 
lar drooper are significantly shorter than the spike, as 
was the case with one of the name brand antennas 
tested. This makes an offset drooper appear just that 
much better by comparison. 

a spurious top-fed Marconi is the 
culprit 

The degree of improvement will also vary with the 
length of the coax. This is explained as follows: the 
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outside of the coax shield will do its best to act like 
a "harmonic Marconi" fed at the top instead of the 
bottom. Just how effective (and therefore how objec- 
tionable) this is will depend to a great extent upon the 
electrical length of the coax shield in wavelengths from 
"virtual ground" to the point of attachment to the 
radials. 

Unfortunately, with 40 feet of coax, QSY from 144 
to 148 MHz can change the electrical length of the 
shield substantially. This in turn affects the feedpoint 
impedance of the spurious "upside down harmonic 
Marconi." The variation can affect the amount of line 
radiation by 10 dB or more in the case of a conven- 
tional drooper. Things get even more involved when 
comparing an offset drooper to a regular drooper for 
antenna effect simply by swapping them at the end 
of the same feedline. The radials of a 2-meter offset 
drooper are longer than a quarter wave and their 
impedance to ground at their feedpoint therefore is 
affected. This was taken into account when design- 
ing the antenna and making comparison measure- 
ments. 

the test set-up 
For reference, a 2-meter drooper with optimized off- 

set feed was constructed with four radials 30 percent 
longer than the spike and having a droop angle of 28 
degrees. For starters for those who might like to 
experiment, the 1 18 inch diameter spike measured 18 
318 inches and the 3/32 inch diameter radials 24 
inches, all of brass welding rod. Size and configura- 
tion of the hub will affect the lengths, especially that 
of the spike. Note that while the spike of an offset 
drooper is only slightly shorter than normal, the radials 
are much longer. The result is that the overall length 
of the spike plus a radial is nearly 10 percent longer 
than for a conventional drooper. This involves the 
integral coupling neutralization and impedance trans- 
formation process, and a rigorous explanation is not 
within the scope of this article. 

The offset drooper reference antenna just described 
was compared to four different conventional 2-meter 
droopers for antenna effect, 1.5:l VSWR bandwidth, 
and field strength at zero elevation angle. One of the 
conventional droopers was constructed to dimensions 
specified in a magazine article. Two were dissimilar 
name brand units. None employed a detuning sleeve, 
cone, or extra set of radials. Measurements were taken 
near 144, 146, and 148 MHz with four feedline lengths 
differing by 1 18 wavelength. 

Tests were first run with the coax leaving the hub 
contained within a 314 inch O.D. mast for the first 5 
feet. The tests then were repeated with the hubs off- 
set from the top of the 5 foot upper mast section. With 
the hubs offset, the coax was brought down snugly 
against the outside of the mast for its entire length. 

Next, the hub was mounted concentrically atop a 
12-foot section of aluminum tubing strapped to a steel 
vent pipe, with the coax brought down inside the tub- 
ing. While these changes did cause the readings to 
change, the overall improvement exhibited by the off- 
set drooper did not change significantly. The coax 
employed was RGl8X-8M 0.25 inches OD, 52 ohm. 

test results 
A spurious RF current sniffer was improvised to 

quantify the amount of improvement exhibited by the 
offset drooper. The sniffer was provided with a plas- 
tic spacing fixture that allowed choice of two spac- 
ings in order to increase the useful range. It was 
checked for directional effect (by reversing it) and the 
directivity was found to be negligible. Relative calibra- 
tion in dB was accomplished by simply varying the 
measured power fed to a leaky dummy load which was 
space-coupled to the sniffer. 

The reduction in antenna effect when using the off- 
set drooper exceeded 11 dB for three of the compari- 
son antennas tested. The improvement obtained over 
the fourth regular drooper (the one with the longest 
radials) measured 10 dB. The greatest improvement 
was observed when the offset drooper was compared 
to the regular drooper having the shortest radials 
(about 5 percent shorter than the spike). The improve- 
ment figures reflect those obtained or exceeded with 
the worst case combination of frequency, line length, 
and mast and feedline configuration. 

This article is not intended to show the reader how 
to build something exactly like the author's, but 
instead to explain a simple method of improving the 
performance of the venerable drooping ground plane. 
Just make the spike a little shorter, the radials a lot 
longer and bend the radials up a bit. It is applicable 
to modification of existing antennas as well as to new 
construction. To approach the maximum possible 
improvement, all you need is a VSWR meter. Just 
make the radials 30 percent longer than the spike and 
droop them 28 degrees (or as close as you can). Opti- 
mum length for the spike is usually about 6 percent 
shorter than for a regular drooper that uses similar hub 
and element diameter. 

If this doesn't result in equal VSWR at the band 
edges, the spike is too long or too short. Once the 
radial length and droop are optimized, the center fre- 
quency can be fudged about 1 percent just by trim- 
ming the spike. 

The reader will notice that no VSWR numbers are 
given for an optimum offset drooper. The reason for 
this is that a conventional drooper with bad antenna 
effect can give specious VSWR readings, making any 
offset drooper comparisons meaningless. The decep- 
tive readings obtained with a standard drooper will 
change with coax and mast lengths, and the readings 
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can be considerably better (or worse) than the true 
antenna VSWR. To a lesser extent this applies also 
to a classic 90 degree ground plane. But with an 
optimized offset drooper, readings will change little 
with line and mast lengths (except as reduced by line 
attenuation), and can be relied upon. The true VSWR 
of a properly optimized 2-meter offset drooper will 
approach 1.0:l over much of the band, and be found 
very low at the band edges. 

so why not? 
In closing, I hope the reader accepts the fact that 

while a bad case of antenna effect on a VHF drooper 
isn't necessarily disastrous, minimizing it certainly can't 
hurt. It's easy to do and all it can do is good - so 
why not? 
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reflector antennas: 
part 1 

The subject of reflector antennas 
in general and those of the parabolic 
dish type in particular generates lots of 
correspondence and requests for infor- 
mation. I never knew that any single 
VHF/UHF/ SHF antenna could be so 
much on everyone's mind - especially 
since so much material has already 
been written on the subject. Confusion 
seems to reign. 

Since it began, this column has con- 
centrated on providing solid ground- 
work in the lower frequencies; limits of 
time and space have not allowed dis- 
cussion of more narrowly-defined 
topics such as specific types of 
antennas. But with last month's 
column, we launched a discussion of 
the microwave bands1 so this would 
seem to be an appropriate time to 
address the subject of reflector 
antennas since they're so often used 
at UHF and microwave frequencies. 

This discussion will be divided into 
two parts. Part I - this month's 
column - addresses the electrical 
aspects of reflector antenna design, 
including gain and specific parameters 
of the parabolic antenna. Part II - 
next month's column - will cover 
feed systems and the mechanical 
aspects of parabolic antenna design. 
With Parts I and II in hand, you should 
have all the required material and refer- 
ences necessary to design and build a 
first-class parabolic antenna. 

reflector antenna types 

Before discussing the parabolic dish, 
it should be interesting to review some 
of the more common types of reflec- 
tor antennas. They include, but are not 
limited to, the cylindrical parabola, 
parabolic dish, corner reflector, back- 
fire, spherical dish, and dual reflector 
types of antennas. 

The cylindrical parabola (fig . 1 A), 
believed to be the first RF-type of 
reflector antenna, was used by Hein- 
rich Hertz in 1888! He illuminated a 
reflector with a spark-gap at about 66 
cm (445 MHz) in an attempt to prove 
the existence of electromagnetic 
waves, which had been theoretically 
predicted by James Clerk M a x ~ e l l . ~  
For best performance, the cylindrical 
parabola requires a line feed. (Thus 
was born the field of microwave 
optics.) An Amateur cylindrical parab- 
ola is described in reference 3. 

Reflector antennas were soon 
eclipsed by the search for DX on the 
HF (high frequency) bands by Marconi 
and others. Thus it wasn't until the 
1930s that serious work on reflector 
antennas got under way, primarily 
through the efforts of Grote Reber, ex 
WSGFZ, in his radioastronomy experi- 
ments. Reber used the parabolic dish 
type of antenna shown in fig. 16. 
Properly designed, it focuses all the 
energy at a common point, which 
greatly simplifies the feed system. 
Hence it is often referred to as a prime 
focus-fed antenna. 

The corner reflector, as depicted in 
fig. IC, was invented by Dr. John 

Kraus, W8JK, in 1940.4 However, i t  is 
limited to gains of up to about 15 to 
20 dBi and is quite large relative to the 
gain delivered. 

The backfire antenna was invented 
by Dr. Herman Ehrenspeck in 1958.5 
He discovered that if a Yagi antenna 
were aimed into a special reflector sys- 
tem and the Yagi structure properly re- 
tuned, its gain could be increased by 
3 to 5 dB (fig. ID). However, the 
backfire antenna never gained popular- 
ity because it required a large reflec- 
tor with a special stepped surface. 

Later Dr. Ehrenspeck designed the 
short backfire antenna shown in fig. 
1E.6 It's smaller and simpler, but its 
gain is lower (16 dBi is typical). How- 
ever, it has gained popularity with the 
military, especially for portable 
VHFI UHF satellite operation. 

A t  first glance, the spherical reflec- 
tor looks very much like a parabolic 
dish. But it has a different reflector 
profile and is very difficult to feed 
because the energy is not focused on 
a common point, as in the parabolic 
dish. Instead, the energy is present 
along a line, and a special phased line- 
source feed is required to properly 
phase the energy. 

Because of its shape, the spherical 
reflector beam can be partially aimed 
by simply moving the feed system. 
This allows the beam to be steered off 
boresight by up to several times the 
antenna beamwidth, with little or no 
performance degradation. Hence the 
spherical reflector antenna is often 
used in large structures where the 
reflector is stationary. 

February 1986 5 51 



Introducing the BUTTERFLY '" 
Beam from Butternut! 

[ ANTENNA SALE 
HYGAlN TOWERS 
HG37SS.. . . . . . . . . . . . .  C 
HG52SS . . . . . . . . . . . . . . . . . .  A 
HG54HD . . . . . . . . . . . . . . . . . .  L 
HG70HD . . . . . . . . . . . . . . . . . .  L 

CUSHCRAFT 
A3 205 00 
A4.. . . . . . . . . . . . . . . . . . . . . . . .  275.00 
R3 255.00 
40-CD2.. . . . . . . . . . . . . . . . . . .  275.00 
AV5 . . . . . . . . . . . . . . . . . . . . . . .  96 00 
32-19 . . . . . . . . . . . . . . . . . . . . .  89.00 
215WB 75.00 
ARXZB . . . . . . . . . . . . . . . . . . . .  35.00 
A144-11 . . . . . . . . . . . . . . . . . . . .  46.00 
A144-20T. . . . . . . . .  
4248 . . . . . . . . . . . . .  
AOP- 1 11 The HF4B Compact, belement 

Beam for 20-15-12-10 meters KLM 
KT34A.. . . . . . . . . . . . . . . . . . . .  329.00 
KT34XA .. . . . . . . . . . . . . . . . . .  475.00 
432-2OLBX . . . . . . . . . . . .  .... 64.00 
432-3OLBX ................. 90.00 

. . . . . . . . . . . . . . . . . . .  435-18C 109.00 
435-400.. . . . . . . . . . . . . . . . . .  149.00 

Compact Size Performance 
The HF4B's 12'/~-foot elements and 6-foot The HF4B RUTTERFLY '. has not 
boom are ideal for home-station use and sacrificed performance for compactness. 
for weekend retreats, condos, apart- Its unique deslgn with fanned elements 
ments and other places where oversized and L-C circuits avotds use of power- 
beams are prohibited. Its light we~ght robbing traps yet provided hlgh-efficiency 
(1 7 pounds) means it can be turned with operating on all bands. The RUTTERFLY '. 
a tv rotator, yet it is robustly con- outperforms anything in 11s class. 
structed in the best tradition of our 
world-famous Butternut verticals. The HF4B offers an SWR of 1.5:l or less at 

resonance. Its 2: l  bandwidth is 200 kHz on 
See your authorized 20 meters. 450  HZ on IS. 1.7 MHZ on lo.  

and across the entire 12 meter band. And it 
Butternut dealer will handle the legal power limits both CW 8 

SSB. Galn is at least 3 dB on 20. 4.5 dB on 
15 and 5 dB on 10 8 12 meters. Front-to- 
back IS up to 18 dB on 10. 12 and 20m. and 
upto l5dBon l5m. 

BUTTERNUT ELECTRONICS CO. 
405 East Market Street 
Lockhart. Texas 78644 

HYGAlN 
TH3JR . . . . . . . . . . . . . . . . . . . .  
TH7 

. . . . . . . . . . . . . . . . . . . . .  EX 14. C 

. . . . . . . . . . . . . . . . . . . . .  14AVO A 
18AVT L 
v2 L 
v3 
v4 

BUTTERNUT 
HF6V . . . . . . . . . . . . . . . . . . . . . .  110.00 
HF2V .. . . . . . . . . . . . . . . . . . . . .  110.00 

I RG213U $ 261foot 

ROTATORS C PIeaw send all reader ~nqu$rles dnect 
CD45 . . . . . . . . . . . . . . . . . . . . . .  A 
HAM IV ... . . . . . . . . . . . . . . . . .  L 
T2X ....................... L 

. . . . . . . . . . . . . . . .  AVANT1 2M 29.95 
HI.0 BALUN 9.95 

AR-200 XL 
MEDIUM DUTY ANTENNA ROTOR 

Select a Head~ng - Antenna 
Turns and Slops Autornat~cally KENPRO .................... KR400. 119.00 

. . . . . . . . . . . . . . . . . . . . .  KR500 149.00 
KR600 . . . . . . . . . . . . . . . . . . . . .  199.00 

(irt POWER lo yt lc i r  anicnnnl Our Baluns are 
already w o u n d  and really lor lnstallallon In your 
lransrnalch or y o u  may enclose lhRm tn a 
wealhetprool box and connect them dlrectly a l  
theanlenna They aredeslgned l o r  3.30 MHzop. 
erallon (See ARRL Handbook pages 19.9 or 
6~20 lor construcllon detalls I 

lw  w.11 (4:l. 6:1, e : l ,  or 1 1  1rnp.dmnc. - 5.hcl -1 $ 4.50 
Unlwrul TR-tch 1 KW (4:l Irnped.~.) 13.50 
unr.rut ~ n n v r v t c h  2 KW 14-1 trnp.d.ns.l 16.00 
Un4v.R.I Tmn.rn.tCh 1 KW (6:l. 9 l or 1.1 - YCCl on) l 5 . W  
UnluerUI Tmmm.tch 2 KW 16:l. 9.1 or 1: l  - ukl ow)  17.50 

Please send taros SASE lor inlo 

. I ,,.,I .................... I , ,  ....... . , , a .  .< I. ,,,,,, l l . , . ' i l , ,"PI . c , , I  ,?! .,w ,, ,, w,,, ,I,> ad ,,~.,rw.r>!. . ~.. .<. . .P.,  . ,r, a,> , , ~  !Fa<,% ,,,,<! .. 1.- m . I . . 8 ,  d.,5PFt,lf.'I 1'111 !CI!P1l P11'15 
cornl>an wrrri -ct , ,nrrh~nrvc manual . u~r .n *nr~r ,m.~ i~ ,  <rnn,~tril'an<lmhlaly 
I l a n S C P ~ v P r ~  



6 FEED \ 
SUB- 
REFLECTOR 

I fig. 1. Some common types of reflector 
antennas. A )  cylindrical parabola, B)  
parabolic reflector. C) corner reflector, 
Dl long backfire, 1'3 short backfire, and 
F )  dual-reflector. 

The largest and certainly most 
famous spherical reflector antenna is 
at Arecibo, Puerto Rico. Built in the 
crater of an extinct volcano, it meas- 
ures 1000 feet (305 meters) in 
diameter, has a stationary reflector, 
and uses a special "scalar" feed that 
can be steered. At 430 MHz, this feed 
is over 96 feet (28 meters) long!2 

Other antenna systems use a secon- 
dary reflector that allows the feed sys- 
tem to be placed at a more convenient 
point in the structure (see fig. I F ) .  
Examples are the Gregorian, Cas- 
segrain, and Newtonian fed-reflector 
antennas. There are many other vari- 
ations of the antennas just 
d e ~ c r i b e d . ~ . ~ , ~ . ~  These variations are 
associated with the different feed sys- 
tem employed. 

The implementation of a secondary 
type of reflector is usually beyond the 
reach of the typical Amateur and 
beyond the scope of this column. The 
improvement obtained with such sys- 
tems is often at the expense of con- 
siderable complexity, which can often 

be offset by designing a slightly larger 
antenna right from the start - cer- 
tainly a typical Amateur approach! 

tradeoffs 
All types of reflector antenna sys- 

tems have their advantages and disad- 
vantages. The technical literature on 
reflector antennas could easily fill a 
good-sized room! (See references 2, 7, 
8, and 9 for starters.) But for the Ama- 
teur, the parabolic reflector antenna 
that uses a prime focus feed system as 
shown in fig. 1B is one of the simplest 
antennas for obtaining high perfor- 
mance with relatively straightforward 
construction. 

Some of the main advantages of the 
parabolic dish include its use of a sin- 
gle feed; its ability to operate on other 
frequency bands by simply exchang- 
ing the feed system; its low noise 
pickup - i.e., its clean radiation pat- 
tern. It has reasonable gain for the size 
of the aperture employed. Its disad- 
vantages include large surface area, 
which leaves it vulnerable to damage 

I DIAMETER ( F E E T )  1 
0  5 0 6  0 9  1 2  1 5  I 8  2 1  2 . 4 1  3 4 6  6 9  12 15 18 21 2. 1 3 0  

2 75 

D IAMETER (METERS1 

fig. 2. This graph is a plot of gain versus size for typical parabolic dishes with 55 per- 
cent efficiency. 
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from wind or snow; comparatively 
large physical size (for gain) than a 
Yagi array offering equivalent gain; 
and the mechanics involved in design- 
ing the reflector and rotation system, 
especially if it's used on EME. Despite 
these shortcomings, the parabolic 
dish, with its single feed system, is a 
natural for the UHF and especially the 
Amateur microwave bands. 

gain and beamwidth 
Generally speaking, the efficiency of 

a well-designed parabolic dish is in the 
range of 50 to 60 percent (more on this 
later). Hence it will have an effective 
aperture or capture area that is some- 
what smaller than its physical area.1° 

Based on a 55-percent efficiency, a 
typical design standard, the gain of a 
well-constructed parabolic dish can be D I A M E T E R  IN WAVELENGTHS 

easily calculated using Eqn 1. I fig. 3. Antenna beamwidth versus parabolic dish diameter in wavelength. ( 
I - .- 

G = 10 log L0.55 4aA/2] 
= I0 log (6.9A/2) (1) 

7- I 
where G is gain in dBi and A is the area 
of the reflector. Both area and wave- 
length must be in the same unit of 
measure. 

For example, the area of a 20-foot 
(6. I -meter) diameter dish is about 314 
square feet (29.2 square meters). At 
432 MHz a wavelength is 2.277 feet 
(0.694 meters). Therefore, using Eqn 
1, the gain would be about 26.2 dBi. 

You may prefer to work directly in 
feetlmeters and frequency. If so, the 
following formulas can be derived from 
Eqn 1. 

table 1. Typical parabolic curve dimensions for a 20-foot (6.1 meter) diameter para- 
bolic dish with a 0.5 f/d ratio. 

distance from center of dish (Y)  depth of dish IX) 

feet 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

meters inches 

0.3 
1.2 
2.7 
4.8 
7.5 

10.8 
14.7 
19.2 
24.3 
30.0 

centimeters 

0.76 
3.05 
6.86 

12.19 
19.05 
27.43 
37.34 
48.77 
61.72 
76.2 

where gain is in dBi, D is dish diameter 
dBi on most of the popular Amateur 

in feet and F is frequency in MHz or VHFIUHF bands. Note that in the 

G =  -42.1+20 log D + 2 0  log F (3) 

where G is in dBi, D is dish diameter 
in meters and F is in MHz. Eqns 2 and 
3 yield the same gains as Eqn 1 with- 
out having to first calculate the reflec- 
tor area. 

In order to make it easier to rapidly 
determine gain, I have prepared the 
graph in fig. 2, which includes practi- 
cal size reflectors and gains of 10 to 70 

example just described, the graph 
shows the gain to be about 26 dBi, 
very close to the calculated value! 

Finally, it has been pointed out 
before in this column that as the gain 
of an antenna increases, the beam- 
width decreases." For a parabolic 
antenna, the beamwidth can easily be 
determined to a reasonable accuracy 
( * 10 percent) using the following 
formula: 

where B W is in degrees and D is the 
reflector diameter. Both wavelength 
and diameter must be in the same unit 
of measure. 

For example, the antenna just 
described has a diameter of approxi- 
mately 20 feet (6.1 meters). One wave- 
length at 432 MHz is approximately 
2.28 feet (0.694 meters) and 0.76 feet 
(0.231 meters) at 1296 MHz. Hence its 
beamwidth would be approximately 8 
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8 FOCAL POINT 

fig. 4. This figure shows the mechanlcal 
properties of a parabolic dish reflector. 

degrees at 432 MHz and 2.66 degrees 
at 1296 MHz. 

Properly designed, the parabolic 
dish has a symmetrical beamwidth the 
same in both E and H planes. The 
graph in fig. 3 has been prepared to 
simplify beamwidth estimation. 

design parameters 
So how does one go about design- 

ing a parabolic dish? What tradeoffs 
are required? Where do you feed the 
dish? 

First you have to understand the 
geometry of a parabolic dish. You 
must have a reflector that follows a 
parabolic curve. This is described 
mathematically by Eqn 5 below: 

P = 4AX (5) 

where, referring to fig. 4, Y is the 
radius of the reflector, A  is the focal 
length and Xis  the depth of the reflec- 
tor, all in the same unit of measure. 

If the diameter and focal point (as 
described below) are known, we can 
rearrange Eqn 5 to a more convenient 
form as shown below: 

X = P / 4 A  (6) 

For instance, suppose that you want 

to design a 20-foot (6.1 meter) 
diameter parabolic dish with a focal 
length of 10 feet (3.05 meters). Using 
Eqn 6, the edge of the dish will be 2.5 
feet (65 cm) higher than the center of 
the dish. Likewise, a point halfway 
from the center will be 0.625 feet (19 
cm) above the center, and so forth. 
Table 1 shows a typical parabolic 
curve for this example. With all the 
personal computers available, there are 
many kinds of programs to simplify the 
computation of a parabolic curve. 
References 12 and 13 will help you 
select such a program. 

Finally, if the diameter and depth of 
the reflector are known, the focal point 
can be found by rearranging Eqn 5 as 
follows: 

If you already have a dish, the focal 
point can easily be determined using 
Eqn 7. First measure the reflector 
diameter with a tape measure. The 
radius, or Y, is one-half the diameter. 
If a board or string is placed on the rim 
from one side of the reflector to the 
other, the depth, X, can be easily 
measured. For example, if we have a 
dish with a depth of 2.5 feet (0.762 
meters) and a radius of 10 feet (3.048 
meters), the focal point will be 10 feet 
(3.048 meters). 

Next we must determine the f / d  or 
focal length to diameter ratio using the 
following equation: 

Using Eqn 8, the f / d  ratio in the exam- 
ple above is 0.5 (10120 feet or 3.0516.1 
meters). We now have all the mathe- 
matical parameters necessary to talk 
intelligently about the design of a para- 
bolic dish type of antenna. 

parabolic dish 
characteristics 

So why are the diameter, depth, 
focal point, and f l d  ratio so important? 
It should be intuitive that the diameter 
of the reflector is the principal factor 
that determines the gain of a parabolic 
antenna. The larger the diameter, the 
higher the potential gain, as shown on 
the graph on fig. 2. 

fig. 5. This figure shows how the feed 
system illuminates the reflector of a 
parabolic dish. Note that the spillover is 
the radiation that extends beyond the 
edge of the dish. 

The reflector must follow a parabolic 
profile (see eqn. 5 1. This curve is cal- 
culated after the diameter and f l d  ratio 
of the dish are selected. As dish 
diameter increases, greater care must 
be taken to maintain the shape of the 
reflector. 

The depth of the reflector is the 
parameter that determines the focal 
length: the deeper the dish, the shorter 
its focal length. In a "deep" dish, 
where the f l d  ratio is approximately 
0.25, the focal point will be on a line 
parallel to the rim of the dish. The 
"flatter" the dish, the longer the focal 
length - and the more difficult it 
becomes to hold the feed system in 
place mechanically. 

The f l d  ratio, however, is probably 
the most important parameter when 
designing a parabolic dish antenna 
from scratch. Let's see why. 

In order to use the parabolic dish 
reflector properly, the feed system 
must be placed at or near the focal 
point. Because this feed system 
"looks" into the dish from the focal 
point, it must illuminate the subtended 
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angle between the rims of the dish 
with a properly tapered radiation pat- 
tern as shown in fig. 5. (More on this 
shortly. 

If you have a deep dish with an f / d  
ratio between 0.25 and 0.4, this sub- 
tended angle will be quite large - from 
180 to 128 degrees, respectively. If a 
dish is relatively flat with an f / d  ratio 
between 0.5 and 0.8, the subtended 
angle will be only 106 to 70 degrees, 
respectively. For convenience, various 
subtended angles versus f / d  ratios 
have been plotted in fig. 6. 

Why is this angle so important? The 
reasons are many, and all are related 
to the f l d  ratio. Let's first look at some 
of the tradeoffs. 

There are advantages to a low f / d  
ratio (0.25 to 0.4). This type of dish has 
a short focal length and hence the sup- 
port of the feed system is easier from 
a mechanical standpoint. Generally 
speaking, the deep dish is quieter on 
reception. A 0.35 to 0.4 f / d  ratio is 
very common in commercial dishes. 

There are also disadvantages to a 
low f / d  ratio. The feed system has to 
see a wide angle as previously dis- 
cussed; this makes the feed system 
more difficult to design. The proximity 
of the feed to the reflector can cause 
the feed impedance to change when 
it's mounted at the focal point. From 
a mechanical point of view, the deeper 
the curve, the more difficult is is to 
fabricate the reflector. There's also 
greater likelihood that the polarity will 
become distorted. Usually the low f / d  
ratio dish demonstrates only moderate 
efficiency. 

A high f / d  ratio (0.5 to 0.6) offers 
several advantages. Because its illumi- 
nation angle is narrower, the feed sys- 
tem is usually easier to design. The 
reflector has a flatter profile, making 
it easier to fabricate. Since the feed 
point is further from the reflector, it's 
less likely to be detuned by the reflec- 
tor. Overall reflector efficiency is 
generally higher than in a dish with a 
low f / d  ratio. 

There are some disadvantages to a 
high f / d  ratio. The feed system, for 
example, is much further from the 
reflector and hence more difficult to  

fig. 6. This graph shows the subtended angle (as seen from the feed point) versus the 
F/D ratio of a parabolic dish reflector. 

table 2. Gain and sidelobe levels versus illumination taper on a typical well-designed 
parabolic dish. 

edge illumination 
in dB 

6 
- 10 
- 15 
- 20 

typical level of approximate overall 
first sidelobe aperture efficiency (%I 

- 20.0 68.0 
- 23.5 81 .O 
- 31 .O 77.5 
- 46.0 69.0 

support. Even if the feed system is 
properly designed, there will be more 
spillover and hence more noise pickup 
than would be expected in a low f / d  
ratio dish. 

When designing a dish, therefore, 
the main considerations are the 
mechanical design and the feed sys- 
tem, which are both governed by the 
f / d  ratio as discussed. From our point 
of view, as Amateurs, an f / d  ratio of 
0.45-0.6 seems to be the best com- 
promise since the feed system and the 
surface of the reflector are easier to 
design. 

feed systems 
So far the feed system itself has 

been mentioned only in passing. Let's 
look more deeply into the way it has 
to perform. 

As I said earlier, the feed system 
must illuminate the subtended angle. 
Furthermore, a parabolic dish is sym- 
metrical in the horizontal as well as the 
vertical plane, so the feed system must 
also be symmetrical in both planes. 

Although actual feed systems will be 
discussed in next month's column, 
their requirements will be spelled out 
now. It would appear that the feed 
system should have a half-power 
beamwidth equal to the illumination 
angle as shown in fig. 6. However, if 
this were true, a considerable amount 
of the feed power would be lost 
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~ N G L E  O F F  A X I S  ( D E G R E E S J  I 
fig. 7. This graph shows the additional "space attenuation" that occurs versus the angle 
off axis from the feed point on a parabolic dish reflector. 

because of "spillover" (see fig. 5). the gain will decrease, as will the side 
Therefore the sidelobes would be high, lobes and the noise pickup. 
and in the case of EME, considerable Another factor must be considered: 
noise would be picked up off the rear the distance from the reflector to the 
of the dish, which is usually the warm feed point changes across the reflec- 

will deal more with the mechanical 
design of a reflector and the electrical 
design of its feed system. Once you 
have this material in hand, you should 
be able to design your own parabolic 
dish antenna and know that it willwork 
as planned! 
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Silver7 and others has discussed this 
relationship in detail. Most engineers 
agree that for best overall perfor- 
mance, the optimum feed system 
should have its - 10 dB points right on 
the rim of the dish. This will yield a 
reasonably clean pattern and fair gain. 
The first side lobes will be approxi- 
mately 23 dB below the main beam. 
Some typical illumination tapers are 
shown in table 2. 

Over-illumination with less than 10 
dB feed system taper at the rim of the 
dish will cause spillover, lower gain, 
and sidelobes that will be less than 23 
dB below the main beam. Conversely, 
if the dish is under-illuminated and the 
taper at the rim of the dish is too great, 

tion of the angle as seen from the feed 
system. Hence this additional factor 
has to be taken into consideration 
when choosing the feed system and 
the f / d  ratio. The lower the f / d  ratio 
is, the greater the "space loss" taper 
at the edge of the dish will be. 

summary 
This concludes part 1 of our discus- 

sion on the subject of reflector 
antennas. This month's column has 
described the relationship between 
electrical and mechanical considera- 
tions in designing a reflector-type 
antennna and, more specifically, a 
parabolic dish antenna. 

It has also been shown that design 
tradeoffs are primarily linked to the f l d  
ratio chosen. Next month's column 
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13. Don Cook, KlDPP (see callbook) has a free 
program listing for Conlrnodore 64 computers. 
Enclose SASE with request. 
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important VHFIUHF events 
February 4 EME pertgee 
March 1 EME pengee 
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improving the audio 
on the ICOM IC-27 

Make an otherwise 
fine radio even better 

The ICOM IC-27 FM transceiver remains, in my 
opinion, one of the most compact and versatile mobile 
units available. The performance of my IC-27A was 
very impressive, with just one noticeable exception: 
the received audio was poor. Low volume and poor 
treble response made many noise-free signals all but 
unintelligible. Many other Amateurs have experienced 
this problem as well. Fortunately, there's a very sim- 
ple remedy. 

My first inclination was to experiment with an exter- 
nal speaker. The speaker included in the IC-27 is very 
small. Often such small speakers are inefficient and 
have poor response. Yet experimentation with a much 
larger speaker with a more powerful magnet showed 
absolutely no discernible difference. The only way one 
could hope to increase the volume would be by mount- 
ing an external speaker closer to the user's ear. This 
would alleviate only part of the problem, however, 
since the tonal response would remain virtually 
unchanged. The latter fact was an important clue, 
because it led me to believe that the audio amplifier 
inside the IC-27 was the culprit. 

strategy 
The solution to this problem is simple. Just change 

one resistor and one capacitor in the audio section. 
There's absolutely no reason to fear the operation; it's 
very simple. ICOM has provided excellent schematics 
with the radio, the board layout is not terribly com- 
pact in this area, and all cables running to the impor- 
tant circuit board are provided with well labeled pull- 
off connectors in an unambiguous configuration. 
Aside from forgetting to replace a connector, it's vir- 
tually impossible to connect anything incorrectly. 

As shown in the ICOM schematic, not reproduced 
here, Q5 and Q6 form an active filter which seems to 

effectively filter the intelligibility of many Amateurs' 
speech. Capacitor C67 was found to form the bottle- 
neck; a smaller value is required here. This greatly 
improves the treble response. 

The audio output power was increased by chang- 
ing the feedback resistor, R31, of the audio power 
amp, IC6 (on the ICOM schematic). It was discovered 
that a larger value would give greater gain while still 
not introducing objectionable distortion. 

1 modification procedure 
I 

Begin the modification by turning the transceiver 
over (speaker side up), and removing the four screws 
holding the bottom cover. Carefully place the bottom 
cover to the side (as shown in fig. 1) sd as not to strain 
the speaker wires. The connector for the speaker wires 
can then be pulled at the circuit board. 

1 The objective is to remove the circuit board in order 
to gain access to the parts which must be changed. 

I Carefully remove connectors J2, J6, JIO, and J12. 
With your fingers, remove the cover plate of the syn- 
thesizer section lit's the large shiny box on the right- 
hand side). Remove the four screws in the corners of 
the large circuit board. Remove J1 (the entire circuit 
board at the rear of the unit). Remove the two heat 
sink screws on IC5 and IC6. Remove the hex spacer 
formerly under the rear circuit board. 

At this point, the entire circuit board can be lifted 
out. Carefully pull it out and locate the audio section 
toward the front on the left side, as viewed from the 
component side. Locate C67. This is a 0.01 yF capa- 
citor near IC6. Using a solder wick or a solder sucker, 
remove C67 and replace it with a tiny 0.001 yF capa- 
citor. A small ceramic part will do nicely. Then locate 
R31. This is a 150-ohm, 1 18 watt resistor near J6. 
Replace this with a 270-ohm resistor. If possible, use 
a 118 watt part so that it will fit easily in the circuit 
board. Clean your solder connections and carefully 
check for solder bridges. 

This completes the modifications. Replace the cir- 
cuit board and reverse the disassembly procedure, 
being careful to replace all removed connectors. 

By Edward Richley, KD8KZ, 41 High Point 
Circle, Naples, Florida 33940 
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Tubes 
................... ..................... 3-4002 $85.00 7360 .$13.75 

3-5002 .................... .85.00 6550A. ....................... 7.50 
...................... .................. 4-400A.. .80.00 8072 125.00 
........................ 4CX2508 ................. 59.00 81 56 12.50 
........................ 5728 ...................... 57.00 8643 82.50 

811A ........................ 12.00 8844 ........................ 26.50 
...................... 813 .......................... 30.00 8873 195.00 
...................... 61468 ........................ 8.50 8874 225.00 
...................... ........................ 6360. .4.25 8877 595.00 
........................ ........................ 68838 8.00 8908 14.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off l ist 

Semiconductors 
MRF 2451SD1416 ..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ...................... 75Q 
MRF 455 ................. 10.95 2N6084 .................... 12.50 

RF Connectors 
................... PL259 ................. 101$4.95 M358 2.50 ea. 
.................. PL258 .................. ,1018.95 M359 .1.75 ea. 

UG 1751176 .......... 1011.60 Type "N" Twist on 
UG255Iu .............. 2.50 ea. (RG81u) .............. $4.75 ea. 
UG2731u .............. 2.25 ea. M~n~murn Order $25.00 --- Allow $3.00 mln. for UPS charges 171 

fig. 1. The ICOM IC-27is easily disassembled for modification. 

results 
After performing these modifications, I was much 

happier with the IC-27. Audio volume and clarity are 
much better than with the original unit, even with the 
original speaker. In fact, I seriously doubt the need for 
an external speaker. The internal speaker provides 
plenty of power,even in my very noisy automobile. I'm 
sure other Amateurs will agree that this modification 
makes an otherwise superb radio even better. 

ham radio 
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AMERiT'R@N AL-1200 LINEAR AMPLIFIER 
WITH THE NEW EIMAC 3CX1200 

. , , k , , R  r, A W , ,  
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CERAMIC TUBE uumm mRn 
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*WAY ",OM, R*%ll 

,'Y WI IYI IY  '<I 

l r n G L 0  LLrXPENIII,, 
E lW Y l lA .8A.  

C , M K  A,R .,,,FM 
W"'kF, A*,, < ,,,".,, 

1500 WATTS OUTPUT, ALL MODES 160 THROUGH 15 METERS 
Pi-L network with heavy duty components. 32 Ib. Peter Dahl hypersil transformer. 
High efficiency bias setting for RTTY/CW. Bridge rectifier supply with computer grade capacitors. 
ALC compatible with all popular transceivers. . Inexpensive. instant warm-up tube. 
Peak-reading output meter. Full shielding for minimum TVI. 

RCS-8 REMOTE COAX SWITCH 
The Ameritron RCS-8 is a remote controlled coaxial R.F. switch that allows 
you to operate up to five separate antennas with only one coax feed line. 

The switching box can be tower or mast mounted and the control console is -.-. 
located at your operating station. They are interconnected by a 5 conductor 
cable (not supplied). 240 volt export model available. 

1 - m  
Available at vour dealer - Send for a catalog of the complete AMERITRON line. 

ATR-10 TUNER 
The Ameritron ATR-10 hasa 
unique handpass network that 
provides superior harmonic 
suppression and image rejec. 
tion. It will safely handle 900 
watts of envelope power from 
160through 10 meters. Aheav~ 

duty antenna switch permits selection of 5 outputs. It has a peak 
reading wattmeter. SWR bridge and a dual ratio halun. 

Spinner Handle Avaibble 
Case: 7 x 4 " .  shaft X"xR" 

ATR-15 TUNER 
The Ameritron ATR-15 is a 
1500 watt " T  network tuner 
that covers 1.8 through 30 MHz 
in 10 dedicated bands. Handles 
full legal power on all amateur 
bands above 1.8 MHz. 

Five outputs are selected from a 
heavy duty antenna switch, r h e  A T R . ~ ~  has a peak reading watt 
meter, SWR bridge and a dual ratio balun. Size: ~ " H . X I ~ ' ~ ~ " W . X ~ ~ " D .  

. , -. . .- 
Model TC2: Skirt 2-118"; 

Knob 1.518" 
Model TC3: Skirt 3"; 

Knob 2-318" 

More Details? CHECK-OFF Page 110 

A 

Crysfal 
T FiIters % 

For most Ham Rigs from: 
KENWOOD - YAESU - HEATHKIT 

Also DRAKE R-4C17 Lcne. COLLINS 75S3.BIC. 
and ICOM (FL44A Twin Onlyl 

Finest &pole Construction 
ALL POPULAR TYPES IN STOCK 

CW - SSB - AM 
Phone for Information or to Order. 

VlSAlMC or COD accepted. 

Fa-TANGO Corp. 
Box 15944, W. Palm Bch. FL 33416 

Telephone: (305) 683.9587 
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LEWIS ELECTRONICS COMPANY 

Wre Are A NameTo Remember ! 

1 S l~:lAE.:C1'130N 1 C S  W E S T  

6 227 A S S  1: 3 R I D  - 

GRAYSON, KY.  (606) 474-4069 

HUMBOLDT, TN. (301) 784-2191 

* 
SARALAND. AL. (205) 679-1324 

U - S -  ORDER LINE 1-800-972-3474 
* : TENN ORDER LINE 1-800-457-3474 ** it 

SEND US A COPY OF YOUR BUSINESS LICENSE FOR OUR NEW DEALER CATALOG AND PRICE L I S T .  

L E W I S  ELECTRONICS COMPANV 

P. 0. Box 100 Humboldt, Tenn. 38343 vr 140 
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what others think of US 1 I His antenna is about 103 feet high 

When asked about the  place of 
Amateur Radio in today's rapid tech- 
nological expansion, academician 
Vladimir Aleksandrovich Kotel'nikov, 
Vice President of the Academy of 
Sciences of the USSR and Director of 
the Institute of Radiotechnology and 
Electronics of the Academy of 
Sciences of the USSR, said (in part), 
"One of the needs of man is the need 
to create. Amateur Radio opens up 
broad possibilities in this connection 
for youths as well as for adults. . . . 

"Amateur Radio has been and 
remains a wonderful school for mass 
training of personnel for radio elec- 
tronics. Many young people entered 
radio electronics via Amateur Radio, 
judging by our experience. . . . 

"The main goal of Amateur creativ- 
ity has remained unchanged - to 
attract youth to active participation in 
the struggle for technical progress and 
to teach inventiveness, innovation, 
and improvements in technology. This 
is very important for our country."' 
(And for ours, too - Ed.) 

quad falling apart? 
One of the problems with the multi- 

element quad antenna is keeping it in 
the air during the months of bad 
weather. The point at which the loop 
wire and support structure meet is an 
area of particular weakness in this 
design. If fiberglass or bamboo poles 
are used, the copper antenna wire will 
"saw" back and forth at this point 
under the movement of the element in 
the wind. This sawing motion often 
results in the breaking of either the 
support pole or the wire, and the 
whole antenna must be taken down 
for repairs. 

MOUNTING PLATE W I T H  U - B O L T S 7  

fig. 1. Alternative method of attaching 
quad loop to quad arm. 

Figure 1 shows a novel approach to 
this problem. An insulating plate 
(made of fiberglass or formica, for 
example) is affixed to the quad arm 
with two U-bolts. The quad wire loop 
is then attached to holes drilled in the 
plate and the connection is made as 
shown in fig. 1. Since I don't have a 
quad up right now, I can't vouch for 
the idea, but i t  looks like a good one, 
and Amateurs planning to erect quads 
this spring may be interested in trying 
out this arrangement. 

the 160-meter antenna 
at DJ8WL 

DJ8WL, who just returned to Ger- 
many after three months in Salt Lake 
City sent me a sketch of the 160-meter 
antenna he's using in Germany. Those 
who've heard his signal can attest to 
the excellence of the antenna design 
(fig. 21, which he's used since fall, 
1984. 

(31.4 meters) and is center-loaded by 
a high-Q coil (L l ) .  A second loading 
coil is placed at the 19.7 foot (6 meters) 
level (L2). 

Peter uses 50 radials, each 318-wave 
length (205 feetl62.42 meters) long. 
The feedpoint resistance was meas- 
ured to be 38 ohms. When only 16 
radials were used, the feedpoint resis- 
tance was 40 ohms. He estimates his 
ground resistance to be 9 ohms, so the 
antenna is about 63 percent efficient. 

Antenna response is quite broad, 
showing less than 1.5:l SWR over the 
range of 1800 to 1900 kHz. Peter 
reports working 9J2JN and LU9EIE the 
first morning the antenna was on the 
air! 

Peter's antenna was mounted in a 
tall tree. The top section was made of 
a fiberglass rod with wire attached, 
and the lower sections are made of 
wire. Compared to an inverted-\/ slung 
from the same tree at the 80-foot 
(24.38 meter) elevation, the ground 
plane produced DX signal reports that 
were up between 1 to 2 S-units. 

DJ8WL's 160-meter DX record with 
this antenna - as of spring, 1985 - 
was 135 countries. 

aircraft enhancement of 
VHFIUHF signals 

Why does the 2-meter path between 
San Francisco and Los Angeles pop 
open every so often, usually in the 
evening, for just a few minutes? This 
interesting opening seems to be dupli- 
cated in other parts of the world, 
apparently on a hit-or-miss basis. 
Doug McArthur (VK3UM) and Ralph 
Kettle (VK1 RK) noticed strange open- 
ings on their path, as well as similar 
openings to VKZZAB. Path loss was 
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m 

fig. 2. Vertical antenna at DJBWL has 
loading coil split in two (L1 + U). Feed- 
point resistance is about 40 ohms. 

I 

calculated to be - 245 dB. The use of 
medium power, 36-element arrays, 
and low noise receivers showed that 
the paths were open for more time 
than the calculations would indicate. 
The Melbourne-Canberra path, in par- 
ticular, had mountainous terrain along 
the route so direct (i.e., line-of-sight) 
communication was out of the ques- 
tion, except for occasional tropo- 
spheric enhancement. What was caus- 
ing the strange VHF propagation? 

The time of the opening seemed to 
be related to aircraft passing between 
the two stations. In particular, two 
commercial airliners flying from Syd- 
ney to Melbourne were midpath at the 
times of the enhanced propagation. 

Upon investigation, it seemed that 
the height of the flight path and dis- 
tance of the aircraft from the stations 
did not tally with the signals received. 
The signals were too strong and varied 
markedly with the weather. 

VK3UM and his colleagues in the 
investigation believe that the aircraft 
are the cause, but not the actual media 
of the enhanced propagation. 

Possible explanations were reflec- 

tions caused by the condensation trails 
("contrails") left by the aircraft flying 
at about 30,000 feet, or perhaps refrac- 
tion caused by the air turbulence wake 
(temperature effect or vortex turbu- 
lence). 

The size of the aircraft apparently 
influenced the enhancement, with the 
highest level obtained from 747s and 
DClOs. But even aircraft as small as 
the Fokker F28 provided a good degee 
of path enhancement. Multiple air- 
craft, on the other hand, resulted in 
multipath effects, making copy 
d i f f i c ~ l t . ~  

some good news? 
It's reported in the technical litera- 

ture that the new ANITPS-118 over- 
the-horizon radar under construction 
in Maine will soon be on the air. It will 
provide radar detection of planes at 
ranges from 500 to 1800 miles (804 to 
2897 km). The device uses a transmit- 
ting antenna more than 3600 feet long 
and radiates up to 100 Megawatts of 
power (effective radiated power) in the 
5 to 28 MHz frequency range. Two 
other sites are planned, one covering 
the Pacific Coast and one in the Mid- 
west to fill in the skip zones of the 
other two. That adds up to three of 
these giants grinding away in the con- 
tinental United States. Let's hope 
they're programmed to stay out of the 
ham bands! 

a zig-zag dipole antenna 
Most compact dipole antennas 

make use of some form of lumped 
loading such as an inductor placed in 
series with the antenna. A few years 
ago the "zig-zag dipole" was inves- 
tigated at Hosei University, Tokyo, 
Japan (fig. 3). 

One of the more interesting zig-zag 
dipoles developed and tested used a 
0.5 wavelength wire folded back so 
that the overall length was about 24 
percent less than a full-size dipole. The 
feedpoint resistance was 46 ohms. The 
included angle was about 130 degrees 
and each leg of the configuration was 
as indicated in fig. 3. 

No mention was made of band- 
width, but it seems to me that the 

Q/w$b INCLUOED ANGLES =IJO. 

fig. 3. Experimental zig-zag dipole 
antenna reduces length without use of 
loading coils. 

b 

antenna configuration may provide 
improved bandwidth because it resem- 
bles a "fat" dipole. Some enterprising 
experimenter should try this antenna 
on the 80-meter band and see how it 
performs. 

an inexpensive 160-meter 
antenna that works 

No room for a quarter-wave vertical 
with 120 radials for 160-meter DX 
work? Too bad. Join me in crying the 
blues! About the best I can do is a 
random-length wire running from the 
house to my nearby antenna tower. I 
work it against the residence plumb- 
ing system as a ground. Recently I 
added two 8-foot (2.4 meters) ground 
rods, one at each end of the house, 
and tied them to the copper water pipe 
system. So far, so good. 

After I'd been working with various 
end-fed antenna systems for over six 
months, the back yard was littered 
with bits of copper wire. I finally ended 
up with a wire antenna that worked 
well, although not quite as well as the 
antennas the "big guns" were using. 
But if you share my problem of limited 
space and don't want to grow an 
antenna farm, this antenna is ideal for 
you. 

Basically, it's a wire about 155 feet 
(47.24 meters) long. This makes it 
longer than a quarter-wavelength at 
1.8 MHz (130 feetl39.62 meters). The 
feedpoint impedance of the longer 
wire is inductive and slightly higher 
than that of the quarter-wave wire. 
The inductive reactance is tuned out 
by a series-connected capacitor and 
the feedpoint resistance of the antenna 
(about 23 ohms) is transformed by a 
shunt inductor to 50 ohms (fig. 4). 

This design provides an inexpensive 
matching system to provide a 50 ohm 
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Band Kit Wired 
10M16M1 
2M,220 $680 $880 

440 $780 $980 

FEATURES: -4 

SENSITIVITYSECONDTO NONE;0.15 uV(VHF), 0.2uV(UHF)T/P. 
SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
&CERAMICFILTERFOR > 100dBAT * 12KHZ. HELICALRESON- 
ATOR FRONT ENDSTO FIGHT DESENSE & INTERMOD. 
OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT- 
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 
CLEAN, EASYTUNETRANSMITTER; UPTO20WATTSOUT(UPTO 
50W WITH OPTIONAL PA). 

R144lR220 FM RCVRS for 2M or 220 MHz. 0.15uV 
sens.;8pole xtal filter & ceramic filter in i-f, helical 
resonator front end for exceptional selectivity, 
> 100dBat + 12kHz, bestavailabletoday. 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, 0.3uVsens. Kit only $138. 
R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but wlo AFCor hel. res. Kits only $118. Alsoavail w14polefilter, only$981kit. 
RllO VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only$98. 

151 VHF FM EXCITER for 10M,6M,2M, or 
220MHz. 2Wattscontinuous, up to3W 
intermittent. $681kit. 
1451 UHF FM EXClTER2to3Watts. Kitonl 
Xtal oven avail. 
VHF & UHF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
from 10 to 45 Watts to go with exciters &xmtg converters. Several models. 
Kits from $78. 

NOW-FCC TYPE-ACCEPTED TRANSMITTERS& RECEIVERS AVAILABLE 
FOR HIGH-BAND & UHF. CALL FORDETAILS. 

Models tocoverevery practical rf & if rangetolisten toSSB, 
FM.AN,etc. NF = 2dBorless. 

Antenna Rscelver 
Input Rang. Output 

28-32 144-148 
50-52 28-30 
93-54 144-148 

144-148 28-30 
145-147 28-30 

144-144.4 27-27.4 
148-148 28-30 

VHF MODELS 144-148 50-54 
220-222 1 - 3 0  

Kit with Case $49 2%-224 144-148 

Less Case 
t39 222-226 144-148 

220-224 50-54 
Wked $69 m-224 28-30 

Hamtronics Breaks 

for a GaAs FET Preamp. 
-- = 

FEATURES: 
Very Low Nose: 0.7dB VHF, 0.8dB UHF 
HighGain: 13 to20df3, Dependingon Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAsFET, Very Stable 

)DELS 432-614 MODEL -- I UI 28-30 I - UHF M( 
Kit with Case $59 

I Less Case $49 
Wired $75 

-ONES RANGE -- 
26-30 MHz 
46-56 MHz 

137-150 MHz 
150-172 MHz 

10-230 M HZ 
400-470 MHz 
Qnn ocn rru, 

I SCANNER CONVERTERSCopy806MHzbandonany scan- 
L"U '"" 

ner. Wiredltested ONLY $88. I LNG-220 2 

PRICE 

$49 
$49 
$49 
$49 
$49 
$49 

GaAsFET Preamps with fea- 
tures similar to LNG, ex- 

cept designed for LOW 
COST and SMALL 
SIZE: only 518"W x 

1-518L x 314H. Easily 
mounts inside many 

MODEL TUNES RANGE KIT WIRED 
LNW-144 120-150 MHz $19 $34 
LNW-160 150-200 MHz $19 $34 
LNW-220 200-270 MHz $19 $34 
LNW-432 400-500 MHz $19 $34 

GaAsFET Pre- 

tures like LNG. 

For SSB. CW, AN, FM, etc. Why pay big bucks for a multi 
mode rig for each band? Can be linked with receiveconveri- 
ers for transcelve. 2 Wattsoutput vhf, 1 Watt uhf. 

Exciter Antenna 
For VH F, Input Range Output 

Model XV2 2830 144-146 
28-29 145-146 

Kit $79 28-30 50-52 
27-274 144-144.4 

Wired $149 28-30 220.~22. 

(Specify band) 220-224 
50-52 

50-54 144-148 
144-146 28-30 

For UHF, 28-30 432.434 

1 Model XV4 28-30 435-437 
50-54 432-436 

1 Kits99 61.25 439 25 144-148 432-436' 

Wired $169 'Add 1% I O ~ Z M  input 

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

trinsceivers up to 25W. Tower mtg hdwr incl. I 
MODEL TUNES RANGE KIT 

1 LNS-144 120-150 MHz $68 $98 I 
Low-noise preamps with 
he l i ca l  r esona to rs  re- LNS-220 200-240 MHz $68 $98 

d u c e  i n t e r m o d  a n d  LNS-432 400-500 MHz $68 $98 

cross-band interference 
in  cr i t ical  applications. 
12dB oain. - --  a- ( 1200 baud digital or packet radio signals [ 

1 thrnllnh anv FM transmitter ....-- -.. -.., . ... - 

Model Tuning Range Price DE-202 FSK DATA DEMODULATOR 

14150MHz I COR-2 KIT With audio mixer, local speaker 
H RA-144 amplifier, tail & time-out timers. 
H RA-220 213-233 M H z  $49 COR.3 KIT with "courtesy" beep". 
t i  RA-432 420-450 MHz $59 DTMF DECODERICONTF~OLLE~ KITS 
HRA-(  ) 150-174MHz $54 I AUTOPATCH KITS. Provide repeater auto- 

HRA-( ) 
patch, reverse patch, phone line remote 

450-470 M H z  $64 control of reDeater. secondary control. 



feedpoint, required by today's modern 
transceivers. The solid-state amplifiers 
are not very forgiving with respect to 
oddball antenna feedpoint impe- 
dances, and operation of the 160- 
meter band stretches the capability of 
the solid-state amplifier, even under 
the best conditions. 

But this antenna solves that 
problem. You can change the antenna 
length and compensate for it with the 
variable capacitor. As the antenna is 
shortened toward the quarter 
wavelength point, the capacitor value 
increases. As the antenna approaches 
three-quarter wave resonance, the 
value of the capacitor diminishes. A 
happy medium is reached when the 
antenna is about 0.275 wavelength 
long. If the inductor and capacitor are 
variable, the operator can scoot from 
one end of the band to the other in just 
a few seconds. 

Operational bandwidth of the 
antenna is quite good; an SWR of bet- 
ter than 1.5: 1 can be maintained over 
50 kHz without touching the network 
controls. 1 tune up at 1825 kHz and am 
able to QSY up and down 25 kHz at 
the touch of the transceiver dial. 

How well does it work? Well, I'll let 
you know the results after the next 
160-meter DX contest! So far, it seems 
to be the best wire I've ever had on the 
"low band." 

building the tuner 

You can build the tuner on a metal 
chassis and panel, but it's not neces- 
sary (see photo A). My tuner is built 
on a plywood base with a micartaTM 
panel. The unit is 8 x 8 inches (25 x 25 
x 25 cm). I recommend using a vernier 
drive on the capacitor because the set- 
ting for lowest SWR is quite sharp. 
The setting of the shunt inductor, on 
the other hand, is less critical and the 
counter dial is a luxury. The 3 ampere 
RF thermocouple meter is very handy 
for tuneup, so if you can find one at 
a flea market, buy it and use it. I short 
mine out with a clip lead after tuneup 
to keep the meter from jumping 
around when I'm transmitting. 

the 80-40 meter antenna at antenna that doubles as a telephone 
CNZAQ line! Look at fig. 5. The 328 foot 199.91 

Have you heard the strong signal of meter) wire runs between two build- 

CN2AQ on 80 meters? He has an ings. RF chokes at each end of the 

11 = 0 7 I,", 20 turns, I % "  dlomaler, 3" long 

GROUND 

I fig. 4. Simple end-fed 160 meter antenna and matching system. 1 

328 +- 
ROPE AND INSULATOR 

( l 0 0 M I  

- - 

A N T E N N A  

T U N E R  

Tf 1 EPHONE 

T R A N S C E I V E R  

T E L E P H O N E  

fig. 5. Telephone line and 80-40 meter antenna at CNZAQ. Relay RY opens control cir- 
cuit of transmitter so it cannot be activated when phone is in use. 
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Photo A. WGSAI tuner is built on plywood 
base. 

wire isolate it for the telephone serv- 
ice, in which the return circuit is via 
ground. In order to prevent the trans- 
mitter from being activated when the 
telephone circuit is in use, a series- 
connected relay opens the control cir- 
cuit of the exciter. Now, that seems to 
be a very practical idea! 

what about your antenna? 
The sunspot cycle is at low ebb and 

interest is growing in the 160 and 
80-meter bands. I would be interested 
in hearing about your antenna for the 
low bands. Please send the informa- 
tion to me, care of ham radio maga- 
zine; the most interesting antennas will 
be discussed in this column. I hope to 
hear from you! 
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ham radio 

Invitation to Authors 

ham radio welcomes manuscripts. 
from readers. If you have an idea for 
an article you'd like to have considered 
for publication, send for a free copy 
of the ham radio Author's Guide. 
Address your request to ham radio, 
Greenville, New Hampshire 03048 
(SASE appreciated). 

KfiLDUCKIEm KDICHW 
half-wave antenna? It's a 
mouthhl but it'll do your ears inch impedance transformer 

that gives added strength. 
The KD 14 half-wave series 

is also available in a collapsa- 
ble 2-meter version. 

KD ICHW, with no-nonsense 
warranty. You can see it at 
your favorite amateur dealer. 

*For units with RNC output. 

rsen nntenncrs 
The Amateur's Professional - 

See your favur~te amateur dealer or wnte for a free amateur catalog 
INUSA LatsvnFleclmnlc% Inc 11611 N E 50th AM PO Box 1199 V d n ~ ~ ~ w r  WAOR668 7116 573 2722 
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EME link calculator program 
Maximize your 

station's performance 
with knowledge 

of tradeoffs 

In trying to set up an E M E  (moonbounce) station 
I found it difficult to  make trade-offs in terms of 
antenna gain, coax line losses, preamplifier placement, 
and output power. What I needed was an easy way 
to weigh the different parameters against each other. 
Looking through a few books, I found what I was look- 
ing for in the ARRL Handbook, the RSGB VHF-UHF 
Manual and in an article by R.  lent^.'^^,^ 

By taking pieces of information from all three 
sources, I was able to figure out how to vary all the 
station information in order to calculate the link budget 
signal-to-noise ratio. However, it became apparent 
that getting answets by punching buttons on my hand 
calculator would take a few nights. Also, I was mix- 
ing up the answers and station data so much that I 
couldn't figure out what answer belonged to what sta- 
tion data. Figuring that there had to be a better way, 
I looked for a computer program to do the job. Not 
finding one, I wrote the BASIC program included in 
this article (fig. 1 ). I used Microsoft BASIC for the IBM 
PC, so it should be able to run as is or with little modifi- 
cation on other PCs or compatibles. 

After the requested data is entered, the program 
provides signal-to-noise ratio (SNR), effective isotropic 
radiated power (EIRP), and the system noise temper- 
ature. Using these figures, you can change the input 
parameters and see how to best assemble your EME 
system. With the computer doing most of the work, 
it's easy to use real numbers, rather than using 
whatever is convenient, as I did with the calculator. 

Both the ARRL and the RSGB handbook examples 
placed the receive preamplifier at the antenna. They 
then set the line loss at a convenient zero dB. Since 
no-loss coax phasing lines don't exist, those example 
calculations don't really show you what is happening 
in an antenna array. On the other hand, the program 
shows that even a 0.5 dB phasing line loss will have 
a significant effect on the performance at 432 MHz. 
The computer program provides performance infor- 

I mation about an EME station while allowing you to 
easily change all the station parameters. 

I realistic data is needed 
The data requested by the program is generally 

familiar. The only data I had trouble figuring out was 
the sky temperature, which is the actual sky temper- 
ature the antenna sees. Don't confuse it with the array 
temperature, which is sometimes given in antenna arti- 
cles. Try about 10 to 35 degrees Kelvin for 432 MHz 
and around 175 to 200 degrees Kelvin for 144 MHz.4 
(Use the lower numbers if your system is in the coun- 
try and the higher numbers if you live in or near an 
urban areal. At low elevations the antenna will see the 
earth at 290 degrees Kelvin. This program assumes 
you're looking high enough with your antenna so that 
the antenna's main and side lobes clear the earth. After 
a little practice with the program, you can set the sky 
temperature higher; this will demonstrate earth effects 
on €ME communications at moon rise or moon set. 
I left the bandwidth as a variable. Most of the time 
it should be set at 100 Hz, as the ear and mind can 
provide that much filter capability. You can set the 
bandwidth to 1800 Hz to see what kind of signal is 
required for EME SSB. 

The program doesn't provide absolute answers. You 
can't take an existing station, enter its data into the 
program, and come out exactly with the way the sys- 
tem works. The real world, after all, includes other fac- 
tors such as Faraday rotation, noise from you don't 
know where, and systems built not quite the way they 
should be. The real benefit of the program is to show 
the relative merit (or lack of merit) of different ways 
of putting together an EME station. For instance, 
what's the benefit of running 1.5 kW instead of 800 
Watts? How much better is a 0.3 dB noise figure 
preamp than a 0.6 dB preamp? Does it make any differ- 
ence if you use Belden 9913 for phasing lines instead 
of RG-2131U? Try it and see - you may be surprised. 

1 program structure 
The program is divided into six parts: constants, 

data input, calculations, screen output results, print 
results and program end. Lines 10 to 35 contain the 
program header and set up constant values. Lines 30 
and 35 provide a log to base 10 function as most 
BASICS have only a log to the base e function. Lines 

By David Engle, KEGZE, 1063 Summerwood 
Court, San Jose, California 95132 
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' Program to calculate signal to noise ratios for EME operations. 
I David Engle, KE6ZE September 1985 
I 

K = 1.383-23 ' Boltzman's constant. 
TL=290.0 ' Temperature of receive feed line. 
LOGlOE=.434294482 'is log to the base 10 of e. 
DEF FNLOGlO(V)=LOG(V) * LOGlOE ' Log to base 10 function 
' Get data to set up calculations. 
PRINT" EME Signal to Noise calculator program" : PRINT 
INPUT" ENTER FREQUENCY, MHz: ",FREQ 
INPUT" ENTER TX ANTENNA GAIN, dBi: ",GT 
INPUT" ENTER TX OUTPUT POWER, WATTS: ",P 
INPUT" ENTER TX LINE LOSS, dB: ",LT 
INPUT" ENTER RX ANTENNA GAIN, dBi: ",GR 
INPUT" ENTER RX LINE LOSS, dB: ",LL 
INPUT" ENTER RX NOISE FIGURE, dB: ",RN 
INPUT" ENTER RX BANDWIDTH, Hz: ",B 
INPUT" ENTER SKY TEMPERATURE, Deg K: ",SKY 
PRINT 
'Start calculations. 
'Transmitter power. 
PO = 10.0 * FNLOGlO(P) 
'Receiver noise level. 
TR=((lO.O"(RN/lO.O)) -1.0 ) * 290.0 'Noise figure to noise temp 
LR = 10.OA(LL/lO.O) ' Noise figure (dB) to noise factor. 
TS = SKY + ((LR - 1)" TL) + (LR * TR) 
PN = 10.0 * FNLOGlO(K*TS*B) 
'Path loss. 
PL = 8.72 * LOG (432/FREQ) - 261 
'Signal to noise. 
SNR = PO - LT + GT + PL + GR - PN 
BAND% = INT (FREQ) 
EIRP =INT (P*~o~((GT-LT)/~o.o)) 
'Display the results. 
PRINTWTransmit EIRP =";EIRP;"Watts,"; 
PRINT" System Noise Temp =";(INT (TS));"Degrees K." 
PRINT" Signal-to-noise ratio at:"," Perigee,","Mid.,","Apogee." 
PRINT" for ";SAND%;"MHz band is:", SNR, SNR-1, SNR-2 
PRINT 
'Print the results. 
OPEN "LPT1:" FOR OUTPUT AS #1 
PRINT#l , 
PRINT#l,"FREQUENCY =";FREQ;"MHzV 
PRINT#l,"TX ANTENNA GAIN =";GT;"dBi,"; 
PRINT#l," TX OUTPUT POWER =";P; "Watts, "; 
PRINT#l," TX LINE LOSS =";LT;"dBW 
PRINT#l,"RX ANTENNA GAIN =";GR;"dBi,"; 
PRINT#l," RX LINE LOSS =";LL;"dB" 
PRINT#l,"RX NOISE FIGURE =";RN;"dB,"; 
PRINT#l," RX BANDWIDTH =";B;"HzW 
PRINT#l,"SKY TEMPERATURE =";SKY;"Deg K" 
PRINT#l, 
PRINT#l,"Transmit EIRP =";EIRP;"Watts,"; 
PRINT#l," System Noise Temp =";(INT (TS));"Degrees K." 
PRINT#l,"Signal-to-noise ratio at:"," Perigee,","Mid.,","Apogee." 
PRINT#l," for ";BAND%;"MHz band is:", SNR, SNR-1, SNR-2 
PRINT#l, 
CLOSE #1 
INPUT" Do you wish to continue? (Y/N) ",ANS$ 
IF ANS$="Yn OR ANS$="yW THEN 120 

fig. 1. E M E  station optimization program listing. 
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Frequency = 144 MHz 

TX Antenna Gain = 21 dBi, TX Output Power = 1500 Wans, 

TX Line Loss = 0.5 dB 

/ RX Antenna Gain = 21 dB;, RX Line Loss = 0.5 dB 

RX Noise Figure = 0.5 dB, RX Bandwidth = 100 Hz 

Sky Temperature = 170 Deg K 

Transmit ElRP = 168302 Watts, System Noise Temp = 245 
Degrees K .  

Signal-to-noise ratio at: Perigee, Mid., Apogee 
for 144 MHz band is: 6.548783 5.548783 4.548783 

] fig. 2A. Typical data displayed in run of SNR program. 

100 to 210 inquire and retrieve the station data from 
the operator (you). Lines 300 to 440 do the calcula- 
tions and come up with the answers. Line 350, which 
converts the preamplifier gain in dB to noise temper- 
ature, is from the RSGB manual. Line 360 converts 
the receiver (preamplifier) line loss into a ratio.3 Line 
400 provides the path loss. (The path loss is an approx- 
imation - a little high at 50 MHz, right on at 432 MHz, 
and a little low at 2304 MHz. All are within 1 dB.) Lines 
500 to 550 display the answers on your screen. Lines 
600 to 780 print both the input data and the answers 
on your line printer. If you have no printer, omit lines 
600 to 780. Line 610 sets the printer up. If your com- 
puter calls its printer something other than "LPT1," 
you'll have to change this line accordingly. Lines 900 
to 999 re-run or end the program. 

sample run checks program 
Figure 2A contains a set of data to run through the 

program after you get it entered in the computer. This 
can be used to check the accuracy of what you've 
typed in. If you don't get the answers listed to within 
0.1 dB, exit the program by answering "N" to the 
question, "Do you wish to continue?" You should still 
be running BASIC at this point, so you can look at 
the intermediate answers from the program. Simply 
type "PRINT PO," "PRINT PL," and those values will 
be printed on the screen. Any of the intermediate 
values used in the program (e.g., PO, TR, LR, TS, PN, 
PL, SNR) may be looked at in this manner. Figure 2B 
contains the set of intermediate values generated dur- 
ing the fig. 2A example. If your answers are different 
from these examples, then you have an error in one 
of the previous lines that works on that variable. 

I hope this program can help you demystify the 
optimization of your EME station. A couple of the 
more interesting things I noticed were the effects of 
phasing line loss and preamplifier noise figure on the 
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system's performance. These effects are easily noticed 
in the system noise figure. Fire it up and plug in your 
numbers. It may be easier to improve your system than 
you think! 

PO = 31.760 

TR = 35.385 

LR = 1.122 

TS = 245.088 

PN = - 184.708 

PL = - 251.420 

SNR = 6.548 

fig. 28. Intermediate values generated for fig. 1 results. 
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John J Meshna Jr, Inc. 
- 

P. 0. Box 62 19 Allaton St E Lynn, Ma 01 904 Tel: (61 7) 5952275 

COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CRT 
This is a great beginning for a computer terminal. I t  is a brand new. Panasonic, 9 " +5, +12, -1ZVDC Supply 
TTL input monitor complete with its own self-contained, switching power supply, 
and a removeable (four screws) triple output  power supply. The whole assembly 
runs on 11 5 1230 V, 50160 Hz. Now for some specifics: 9 "  p e e n  phosphor, T T L  
input monitor, attached regulated 12VDC, 1.5A power supply used exclusively to  
run the monitor and an attached triple output  switching power supply with outputs  
of 5 VDC (a' 3.5 A, +12 VDC C 500 ma, and -12 VDC ( 2  500ma. The assembly has 
mounting feet and should be a snap t o  make a case for. Comes with hook up data. 
New, factory boxed. We are offering this t o  you 4 ways: 

COMPLETE SET-UP AS SHOWN, including monitor, low voltage supply and 
SPL-116-38, 14 Lbs., $50.00, 5/$225.00 triple output  supply. 

TRIPLE OUTPUT SUPPLY ONLY, SPL-117-38, 3 L b s .  $15.00 t 
U 

9'"MONITOR ONLY, (you supply low voltage input) SPL-114-38, 10 Lbs. S 25 .OO 
Monitor Chassis 

9 " MONITOR WILOW VOLTAGE SUPPLY ONLY, SPL-115-38, 12 Lbs. $4 0.00 wlDiwlay Board 

We are now sellingguaranteed working starlight scopes which 
allow sight in almost total darkness. They are so named because 

. ATTENTION: 
they incorporate a light arnplifisat~on tube which uses the mailable SECURITY PERSONNEL 
star or moon light to allow you to see - without being seen. The 
scope has a spectral response of 4.500 to B,OOO angstroms, NATURALISTS 
resolution of 50 lineslmm. viewing area of 25mm. standard 
50mm F1.4 lens, optional telephoto 135mm F2.8 lens. cross hair 

HOBBYISTS 
reticle and optional carrying care. A great tool for security and 
naturalist applications. Runs on 9VDC transistor radio battery. NEW SEE-IN-THEDARK EQUIPMENT! 
Due to the nature of this device and people only hming a one time 
use for it, vue cannot accept returns for refund, credit or exchange 
on this item. To our knowledge, this is the lemt expensive starlight 
scope on the market Includes 90 day warranty. 
STARLIGHT SCOPE SPL-130A-39 $1,2M).DO 
Optional Tdephoto Lens, 135mm F2.8 SPL-131A-39 $86.00 
Optiond Fitted Carrying Cas SPL-132A-39 566.00 

5 %" HARD DRIVE CONTROLLER CARD 
Finally, affordable, intelligent disc drive controllers are available at low, low surplus prices. The 
OMTI 20C controller boards we offer are unused, late style, surplus from a now defunct system 
house. OMTI is a division of Scientific Micro Systems. These boards will handle up to (2) 5% 
inch Winchester type hard dn'ves that utilize a standard 34 pin SASI interface. Perfect for using 
with the above Seagate ST 506 drive, or other hard drives from 5 megabytes of storage on up. 
The controllers have buffered sledseek modes, overlapped seeks, auto seek & verify, extensive 
fault detection, auto head & cylinder switching, full sector buffering, 256/512 byteslsector, 33 
or 18 sectorsltrack (jumper selectable), programmable disc parameters and much more. The 
board runs on +5 vdc & +12 vdc.. We supply users manual & pinout data. Guaranteed 0 .  K.. 
Shpg. wt. 3 Ib. OMTI 20 C $1 50.00 each 2/$275.00 Qty. pricing available. 

HIGH POWER SURVEILLANCE IR SCOPE This Infra-Red scope was des~gned spec~l'lcally I'or long range surve~llance 
use. The builtxin, totally inv~s~ble ,  50 watt halogen lamp I R  source is 
coupled with a premium grade type 6032 image converter tube, 266 m m  
f4.2 lens, and 16 power military spec., color corrected eyepiece make 
this an ideal unit for viewing of clandestine activities o r  animals. The 
scope is capable of detection at  more than 300 feet, r~ rogni t ion  at 
300 feet and positive facial identification at  150 Teet. It runs o n  
12VDC which makes it ideal for mobile use. It comes with a remove- 
able hand grip which allows for tripod mounting. 2 power cortls for 
cigarette lighter or battery terminals, instructions and a 90 day 
warranty. Listed below are accessories which make this a very 
versatile instrument. The scope and accessories are new and guaran- 
teed functional. Net wt. 5-1 14 Lbs. 
IR Scope part no. ELD Shpg. Wt. 7 Lbs. S735.00 ea. - 

ACCESSORIES: 
12 VDC GELL BATTERY for ahove. Shpg. Wt. 6 Lbs. 535.00 MALE "T" f1.6 CAMERA DAPTER for SLR cameras 
BIOCULAR EYEPIECE which can be used in place of the standard Shpg Wt 1 Lb. 51 29.00 
eyepiece. This allow the scene being produced by the I R viewer MALE " C  to FEMALE "T" ADAPTER for CCTV, requires use 
to be seen by the operator up to 4 f t  away. 2 Lbs. $89.95 of above male "T" f 1.6 adaoter. Shoa Wt. 1 Lb. s79 96 

Free 72 page catalogue available or send $1.00 for 1 s  Phone (617) 595-2275 to place your order by phone. 
dm ywice to P 0. Box 62 E. Lynn, Ma. 01804. MC, VISA, or American Expresscharge cards accepted. - 
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sunspots and MUFs 
Because we're nearing the I I-year 

sunspot number minimum, the Insti- 
tute for Telecommunication Science 
study comparing MUF distribution of 
values for low, medium, and high sun- 
spot numbers should be of interest. 
Table 1 (similar to last month's) lists 
the ratios of the 10- and 90-percentile 
monthly median MUF values. The data 
is separated into day and night groups 
over three solar activity ranges: low 
(68-88) sunspots in the years 1954-55; 
medium (90-1 15) in the years 1961-62; 
and high (200-285) in the years 1957-58 
at various control point latitudes. The 
upper decile values (90 percent) use 
the column head + % and the lower 
decile (10 percent) by - % in the table. 
A separate listing is provided for day- 
time and nighttime periods. 

Notice that greater deviations from 
median occur in the high 170 degree) 
and low (10 degree) latitudes in all sun- 
spot categories regardless of whether 
it's local daytime or nighttime. How- 
ever, the largest deviations occur dur- 
ing a high sunspot number year and at 
night. This increased MUF is from the 
solar flare particles arriving via the solar 
wind at the polar ionosphere down the 
open geomagnetic field lines from the 
sun (see the geomagnetic field draw- 
ing in "DX Forecaster," June, 1985, 
page 102) on the day side of the earth. 
On the night side the particles come 
into the ionosphere from the stored 
particle areas (Van Allen belts) along 
the closed and tail geomagnetic field 
lines. 
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The exception to the foregoing pat- 
tern is the 20-degree latitude night 
values at low and medium sunspot 
numbers. Here the geomagnetic vari- 
ations help the ions drift upward along 
the closed field lines until within 20 
degrees of the geomagnetic equator. 
This is a winter nighttime effect dur- 
ing medium to low sunspot numbers. 
Here again is evidence of trans- 
equatorial DX propagation; it is 
accompanied by an F-region trough 
(with low MUFs) just south of the 
auroral zone. The low MUFs in the 
trough are shown by the large - % 
numbers at 70 degrees latitude during 
the night. The increased geomagnetic 
variability during low to medium sun- 
spot numbers results from a stronger 
solar wind stream through a thinning 

solar corona while the sun is yet some- 
what active. This data, the MUF dis- 
tribution statistical trends of propaga- 
tion effects, can be used to understand 
and improve DX operating skills. 

last minute forecast 
The best DX conditions for the 

higher frequency bands are expected 
during the first and last weeks of 
February. The solar flux base level 
should increase about 5 units in Janu- 
ary and February. So look for some 
increase in MUFs in the midlatitudes 
as last month's table showed. Trans- 
equatorial propagation should be good 
and enhanced by some geomagnetic 
disturbances around the 10th and 24th 
of the month. The lower frequency 
bands are expected to be very good 

table 1. Variation in the ratio of monthly median MUF values. 
Latitude Sunspot Range - % Day + % -YO Night + % 

70 Low 22 23 28 29 
Medium 24 29 23 30 

High 26 29 27 30 
50 Low 19 15 21 21 

Medium 21 17 21 21 
High 22 22 21 18 

30 Low 17 17 22 26 
Medium 19 17 24 25 

High 14 17 18 18 
20 Low 21 19 26 31 

Medium 18 19 27 34 
High 12 14 21 26 

10 Low 14 18 26 27 
Medium 15 17 25 27 

High 12 15 20 25 
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"Look at next higher band for poss~ble openings. 
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Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The "Generation Gap" is filled with the "new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer. ..you make the demands, it fills 
the requirements. 

Programmable forward AND reflected 
power ranges. 
Can be used with the elements you 
now have. 
Compatible with all Coaxial Dynamics 
line sizes and power ranges. 
18 scales from 100 mW to 50 kW. 

Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

@ 
COAXIAL 
DYNAMICS, INC. 
15210 lnduslrlal Parkway 
Cleveland. Ohio 44135 
216-267-2233 1-800-COAXIAL 

throughout the month, but especially 
good around mid-month. 

No significant meteor showers 
occur during February. The full moon 
is on the 2nd and lunar perigee is on 
the 4th. 

band-by-band summary. 
Ten, twelve, fifteen, and twenty 

meters will be open from morning to  
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter - to the southern hemisphere 
- and will occur closer to local noon. 
Transequatorial propagation on these 
bands will more likely occur toward 
evening during conditions of highest 
solar flux and a disturbed geomagnetic 
field. 

Thirty and forty meters will be use- 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters, except that skip distances and 

Telex: 98-0630 signal strength may decrease during 
Service and Dependability.. .A Part of Every Product midday on days that coincide with the - - higher solar flux values. Nighttime DX 

J 168 will be good except after days of high 
MUF conditions and during geomag- 

Look for DX from 
unusual places on east, north, and 

and south- 
8 ,  'l.' l i i  l', n 40'80 ? 
1' I U  1,. 1 1  40.1181 6 

ern paths at night. The usable distance 
is expected to be somewhat less than 

Increase sensitivity 01 receivers or 
20 in daytime and greater than on 80 
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Measures Ircqucncy Iron1 
MHz lo w~lh~n 1 kHz 

Bu~lt-~n telescoping 
antenna 

Uses 1 standard 
9 volt battery 

All units pre-tested and 
calibrated to .001% 

Prolessionat and dependalilr ~~erlor- 
rnance at a low cost 

ONLY $49.95 PPD 

COAX CABLE: I~nrl~~nt~s P I  259 connector on eacll endl 
- lanlth Wllh mDnna ~ u ~ h s f s  S.p.rllb 
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SPI RO MANUFACTURING. INC I - Room 103 P 0 Box 1538 
Hs-rldersonv~lle NC 28793 

your sunset, swinging more to the 
north-south near midnight and ending 
up in the Pacific areas during the hour 
or so before dawn on the path of your 
interest. The 160-meter band opens 
later and ends earlier than the 80-meter 
band. 
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THE F EXCELLENCI 

SUPERIOR WEAK SlGl , PERFORM & ' E 
COMMERCIAL MODT" 

COMPARE with ANY llnit at ANY Price 

- L- -1 

THE WORLD OF VHF/HF PACKEl 
CW, R m ,  ASCll AND NEW DUAL 
AMTOR" IS AS CLOSE AS YOUR 
FINGERTIPS WlTH THE BRILLIANT1 
INNOVATIVE STATE-OF-THE-ART 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 o 1 1 o 1 1 1 1 t t t 1  

MICRO-COMPUTER CONTROLLED 1 1 1 1 1 1 l 1 1 1 1 l t  

Li-1 ~ 

t 1 1 1 1 1 1 1  

EXL-5000E. SPECIAL SALF .I CLL \ 
SHOWN WlTH  OPTIONAL PACKET TNC 

Everything built in - nothir to buy! 

AUTOMATlCSEND/RECEIVE-carccuEr~~r I - ~ U I L I  114 COMPUTERGRADE 5"MONlTOR EXTERNAL  MOM^ nun 4nuK TIMECLOCKON 
SCREEN TIMEDTRANSMISSION AND RECEIVING SELCAL CRYSTAL CONTROLLEDAFSK MODULATOR PHOTOCOUPLERCW FSKKEYER ASCll 
KEY ARRANGEMENT 15 CHANNEL BATTERY BACK-UP MEMORY 1280 CHARACTER DISPLAY MEMORY SPLIT SCREEN TYPE AHEAD BUFFER 
FUNCTION SCREEN DISPLAY PARALLEL PRINTER INTERFACE SPEEDS CW 5 1 W  WPM (AUTOTRACK) 12 3W BAUD (ASCII AN0 BAUDOT) 12 600 
BAUD TTL 1W BAUD AROIFEC AMTOR ATC RUB-OUT FUNCTION AUTOMATIC CRILF WORD MOOE LINE MODE WORD WRAP AROUND 

ECHO TEXTCURSORCONTROL USOS DIDDLE . TESTMESSAGES (RY ANDOBF) MARK ANDBREAK [SPACE AND BREAK) SYSTEM VARIABLE 
CW WEIGHTS AUDIO MONITOR CRlCUlT BUILT IN CW PRACTICE FUNCTION CW RANDOM GENERATOR BARGRAPH LEO METER FOR TUNING 
OSCILLOSCOPE OUTPUTS BUILT IN 1W-120 / m)-240 VAC 50160H7 AN0 13 BVDC POWER SUPPLIES AN0 MUCH MUCH MORE - SlZE 14W x 140 x 
5H 1 YEAR LIMITED WARRANTY 

ADVANCED COMPUTER INTERFACE 
tvtn uts~lirrtu rurl COMMERCIAL AND AMATEUR USE. 

!BIT INVERSION IRTTY]. ASCII. AMTOR (MOI MOOE B IFEC AN0 
:EC]. MODE L]. CW.&Y SPEEO - ANY S I1 AN0 BAUDOT]' 

I S P E C I A L  S A L ~  $2- 
AUTO OECOOING: Automatically decodes signal and displays mode. speed and polarity on the CRT - COMPARE! 
2 8  BAR-LEO'S and LEO'S plus a Bar-Graph Tuning Indicator Indicate lunctlon. mode. and status - COMPARE! 
The awwome power of the 9-777 Is limited only by the Imagination 01 the user and the terminal program ol the computer. 
Use with Any computer that has US232 or TTL I/O. IBM. Apple. Commodore. TRSBO. etc. 

'uerything Built In - I lg Software - Nothing Else 
'SPEEDS CW 5100 WPM (AUTOTRACK) 12-2W BAUD (ASCII AND BAUDOT) 12-600 BAUD TTL AND AS232 OR TTL LEV1 D24W 

BAUD (ASCII) OR 455200 BAUD (BAUDOT) . SELCAL MEMORY 15 CHANNELS -768 CHARACTER INPUT BUFFER nu lu rl 1 . Lw IU . DIDDLE 
USOS ECHO AUTO CRlLF ATC RUEOUT CW PRACTICE GENERATOR TEST MES LL CAT 

FUNCTION DISPLAY MARK - AND - BREAK (SPACE - AND BREAK) SYSTEM XT OR OSCILL MUCH 
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A R-WHO1 OLL FR -327-31 02 
B b l l  b w 129 th  T e r r a c e  Mlarnl .  r t o r l o a  JJI 10 I e t e p n o n e  (305) 233-LOJI 8 a lex  80-3356 

1-1 
- - 

MANUFACTURER 
TON0 CUnrunr 
9 8  M o t o s o j a  M a c h t  M a e b a s h t - S h l  3 7 1  J a p a n  

1- 

'PLEASE C A L L  FOR DETAILS  
*'Dual Arn tor  Cornrnerc~o l  qualtty, t h ~  

T 
Ir amateur Amto r  

codes and a l l  o f  the CClR recomme 
ec If!c.,tlons suhlrc I to Chanqe 

\ / 

JDAR 

mg else i 

LIITnD I I P  

777 THI - ---.- MOST 

To Bu, ncludin 
. - -  EL DATA COh 

, -- 
- - 

VARIABLE C 
AL AFSK P 
x 100 x 2",H 

:W WEIGHTS 
LUDIO MONlTl 
I 1 YEAR L 

SAGE IRY Ah 
OSCOPE OUT 
RANTY 

ID OBF) FU 
PUTS - AND 

DEALER 0 
EE ... 800. 

7- 

DEALER 
L E S A L E  . .. 

INVITED 
R O N I C S  

FOR YOU 
T 

? EXL.5000 
ndations 47 

E incorpori. 
'6.2 for c o n  

ItPS t w o  c o  
i rnerc~d l  rec 

rnpbtely se, 
lulrements. 

1 support It 

More Details? CHECK-OFF Page 110 f l  180 February 1986 81 



Hand -he ld  Transceiver$ 
Deluxe models Regular SALE 
IC-O2AT for 2m ....... 349.00 289'' 

6-nit*rer VHF Portable IC-O4AT lor 440 MHz 379 00 319" 
Standard models Regular SALE 

.......... IC-2A for 2m 239 50 189" 
....... IC-2AT wlth TTP 269.50 199" 

IC.3AT 220 MHz. TTP 299.95 239" 
IC.4AT 440 MHz . TTP 299.95 239" 

EX-243 Electron~c keyer u n ~ t  ....... 50 00 

FL-45 500 Hz CW l~l ter (1st I f )  ..... 59 50 
FL-54 270 Hz CW l~l ter (1st IF) ..... 47.50 LC-I1 V~nyl case ................................. 1795 

AG.35 Mast mounted preampl~l~er* 84.95 

................ HH-SS Handheld shoulder strap 14.95 
......... ...... HM-9 Speaker m~crophone ... 3450 

.............. HSlO Boom m~crophone/headset 1950 
HS-IOSA Vox unit lor HS-I0 & Deluxe only 19.50 

................. HS-1OSB PIT u n ~ t  lor HS.10 19.50 
ML-1 2m 2 . 3 ~  ~n / lOw  out ampltf~er ..... SALE 79.95 

FL-33 AM l~l ter ..................... 31.50 
FL-70 2.8 kHz w~de SSB f~lter ...... 46.50 
HM-12 Extra hand mrcrophone ..... 39.50 
SM-6 Desk mrcrophone ............. 39.00 
RC-I0 External lrequency controller 35.00 
MB- I8  Mob~le mount ............... 19.50 

UT-23 Vo~ce synthes~zer ............ 29 95 
AH-32 2m/440 Dual Band antenna 32.95 

... UT-ISS CTCSS encoder/decoder 79 95 
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A Realistic Simulation of 
On-the-Air ,  Two-Way 
Morse Code 'Ragchew' 
Contacts (QSOs). 

Makes Upgrading of Morse 
Skills Easy and Fun 
Does Away With Drudgery 
Skilled Operators Efioy 
the Realism 

' Operate Anytime-Re- 
quires Only a Commodore 
G64 (or G128) and A TV Set 
Removes the "Mystery" of 
what to  Say in On-the-Air 
Contacts 
Excellent Practice for Be- 
ginners and Old "Pro's" 
Standard Format and Com- 
mon Abbreviations Used 
for All Exchanges 
Send Morse with your key- 
board 
Select Appropriate QRM 
and QRN Levels 
Select the Portion of the 
'Rand1-Novice or  Low 
End 

I ADVANCED ELECTRONICS APPLICATIONS. INC. 
P.O. 801 c.neo. Lynmood. WA 980% 

COMMUNICATIONS 

Falcon Comrnunlcations, Well Known for MOSFET Repeater Power I 
Amplifiers, Also Makes A Hard Working Line Of Bipolar Power I 
Amplifiers For Mobile Use. Our 2 Meter Amplifiers Include: I 
Model 5121 2 Watts in= 150 out I 

1 Watt in=90 ou; List $285 1 
Model 5122 10 Watts in = 150 out I 

2 Watts in=50 out List $275 1 
Model 5123 30 Watts in = 150 out 

I 
10 Watts in =90 out List $235 ' 

Model 6126 10 Watts in =75 out 
I 

2 Watts in=30 out List $170 ' I 
Model 4109 plug in receive pre-amp 

12 db gain 
I 

2 db noise figure 
I 

List $36 1 

A FEW FEATURES: I 
1) Made in the USA 4) Automatic COR or remote keying 

I 
2) All mode (FM, SSB, CW) 5) Built in thermal protection I 
3) Optional plug-in receive preamp 6) Full 1 Year warranty I 
For Informalion On Our Complele Llne See Your Local Dealer Or Call Facfory Direct I 

P.O. Box 8979 Newport Beach, CA 92658 
I 

(71 4) 760-3622 i 
' ~ 1 I I I m 1 I I I 1 1 1 1 1 1 1 1 I I m I I ~ I m 1 1 - d  

LA CUE, INC. 
132 Village Street 

Johnstown, PA 15902 
orders only 

1-800-637-3300 
r* 142 

STATE OF 
THE ART 

The ARRL 1986 Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1192 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Paper edition: 
$18 in the U.S.. J19in Canadasand 
elsewhere. Clothbound $27 in the 
U.S.. $29 in Canada and elsewhere. 





quartz crystal resonators 

Learn how 
to specify crystals 

using frequencyltemperature 

relationships 

This article provides tools for specifying, testing, and 
controlling the parameters of piezo-electric crystals. 
This data is designed to allow you to specify your 
requirements exactly to the crystal supplier. Also 
included are TI-55-11 calculator programs showing 
examples that reduce the burden of calculations. 

The article is based on practical experience with 
thousands of crystals used in the communications 
industry. Because of the competitive nature of the 
business and the large quantities involved, crystals 
must be both low in cost and usable, in that they must 
be capable of being placed on the specified frequency 
and remain on frequency (within the limits specified) 
despite changes in both time and temperature. 

the crystal impedance meter 
When crystals are ordered from catalogs, problems 

frequently arise. Invariably the crystals quoted are to 
a military specification. There is nothing wrong with 
this as long as the circuit in which the crystal has to 
work matches it and provides the exact conditions spe- 
cified. In practice this is generally not the case, and 
as a result, crystals that arrive may be within the 
specifications when tested in the standard Crystal 
Impedance (CI) meter, but may not meet your require- 
ments when used in the actual oscillator circuit. 

A quick look at some typical crystals listed in a ven- 
dor's catalog can give us some clues. We find among 
the specifications a variety of capacitances quoted. 
The values shown are frequently relics from the days 
of vacuum tubes and are used in the CI meter, selec- 
table by a switch. This is all very convenient; the CI 
meter, however, looks at the crystal and measures it 

as an impedance - hence its name, "crystal impe- 
dance" meter. It is therefore not operating under the 
conditions that an oscillator places on it. You will also 
note that some crystals are series resonant. In this 
case, there is no loading capacitor, because the crys- 
tal is being driven and is operating into a purely resis- 
tive load. These crystals are thus on frequency only 
if used under those conditions. 

As we go above 20 MHz, we get into the realm of 
overtone crystals. These crystals ar?, however, not an 
exact third or fifth or higher multiple of the fundamen- 
tal. If the use of multipliers is to be avoided, these 
crystals can serve a very useful purpose, but there are 
advantages and disadvantages that must be con- 
sidered. 

example using 10-MHz crystal 
We will now look at a typical requirement and con- 

sider a crystal that operates at 10 MHz in the parallel 
or antiresonant mode. (The series configuration is 
referred to as the resonant mode.) The crystal will 
therefore operate with a loading capacitance of 20 pF 
and in the fundamental mode. The crystal cut will typi- 
cally be AT-cut, operating temperature 78.8 degrees 
F (26 degrees C) and frequency tolerance + 20 ppm 
(other specifications we will consider later.) After 
obtaining samples from three different vendors and 
measuring them in the CI meter, we found each crys- 
tal to be at 10.000150 MHz, thus 15 ppm high. All crys- 
tals meet specifications, appear to be identical. How- 
ever, all are not identical because the compliance, CS 
has values of 0.01, 0.02, and 0.04 pF, respectively. 
(Cs, L, and R are inherent in the crystal.) Figure 1 
shows the electrical equivalent; this is the crystal with- 
out any electrodes attached. Inductance L is the elec- 
trical equivalent of the crystal mass. Capacitor Cs is 
the compliance and R is due to the losses by mechan- 
ical friction of the crystal. This electrical circuit is series 
resonant. Figure 2 shows the crystal with its deposited 
electrical contacts. This is achieved by placing a small 
spot of a conducting material, such as silver, on each 

By Peter Boddaert, 11 Blossom Road, Braintree, 
Massachusetts 021 84 
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1 crystal 1 

1 Cs (pFI CL (PF) Cs/2CL (pFI Fs (MHz) 

0.01 3 1 0.0001613 9.998243 1 001 26 0.0001923 9.998243 
0.01 21 0.0002381 9.998243 

I total pulling = 769 Hz = i 8 . 5  pprn 

I crystal 2 

0.02 3 1 0.0003226 9.996310 
, 0.02 26 0.0003845 9.996310 

0.02 21 0.000476 9.996310 
total pulling = 1533 Hz = f 76.665 pprn 

I 

I crystal 3 

0.04 31 0.0006452 9.992487 1 0.04 26 0.0007692 9.992487 
21 0.0009524 9.992487 

total pulling figure = 2,004 t 1066 = 3070 Hz = + 153.5 ppm I 0.04 

fig. 1. Crystal blank showing relationship of parameters 
inherent in the crystal: compliance, Cs; electrical equiva- 
lent of the crystal mass, L; and losses caused by mechan- 
ical friction of the crystal, R. 

side and making electrical connections to these. As 
a result a capacitor is now formed, which together with 
the holder C, appears in parallel with the series reso- 
nant circuit, producing a parallel or antiresonant cir- 
cuit. This capacitance is shown as Cp with a typical 
value of 6 pF. CL is the load capacitance of 20 pF. The 
crystal thus sees the sum of Cp and CL = 26 pF as 
a total load capacitance. In a practical circuit CL is 
usually made variable so that the oscillator can be 
adjusted to frequency. A trimmer capacitor typically 
provides a minimum variation from 15 to 25 pF. Thus 
the actual load capacitance can vary between 21 and 
31 pF. 

We will now calculate the pulling figure or pulling 
ability of each crystal using the above values of load- 
ing C for each of the three crystals. We will also cal- 
culate the series resonant frequency, Fs, and the 
value for L. (See table 1.) 

AF (Hz) L (mH) 

- 145 
+ 166 25.339 
t 624 

A convenient formula for parallel-resonant fre- 
quency is 

We see that the pulling ability or the ability to place 
the oscillator on frequency, is greatly influenced by 
C s  Failure to control its value can result in being un- 
able to place units on frequency without making modi- 
fications or, if the Cs is large such as in crystal 3, the 
pulling ability can become excessive. Such crystals are 
prone to frequency jump more so than those that have 
a smaller value of Cs. I t  must be remembered that all 
crystals have spurious responses not too far removed 
from the desired frequency. Such spurs can show up 
under certain conditions such as when a change in 
temperature occurs. A simple rule of thumb is: a crys- 
tal has a maximum pulling ability of 100 ppm. 

We find that crystal 2 meets our requirement of 
being able to set it to frequency with a sufficient 
amount of overlap at each end. Crystal 1 would also 
be suitable; however, at the low end, things are tight. 
Allowing for component variations in production, to- 
gether with the fact that the crystal frequency could 
be higher by another 50 Hz and still be within specifi- 
cations, it would be desirable to be able to reject those 
at the incoming inspection. A simple solution to this 
problem is to specify pulling ability rather than the 
loading capacitance. The crystal specification would 
include: 

The frequency. 

Pulling ability in the test circuit (minimum = +35 
ppm, maximum = + 85 ppm). 

Approximate loading capacitance (for reference 
only), 20 pF. 
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There is, therefore, no reference to frequency toler- 
ance because this is now taken care of by the pulling 
ability. In addition, the value of the loading capacitance 
is now used as a general guideline rather than an abso- 
lute value. 

Of course, the vendor must now be supplied with 
a test circuit. This will consist of the complete oscilla- 
tor plus all of its associated circuitry; an isolating stage, 
mixer, and such. It must be identical with the produc- 
tion units. Keep in mind that any test equipment such 
as a frequency counter connected to the circuit will 
have some influence on it, so the coupling must be 
as loose as possible to minimize these effects. Also 
be aware that any tuned circuits may have some effect 

. 

on the frequency. Before shipping the test circuit to 
your supplier, check for the correlation between it and 
the in-house standard. There are bound to be some 
variations between them, and allowance must be 
made for this. 

the overtone crystal 
As mentioned, the overtone crystal operates on an 

odd harmonic of its resonant frequency such as third, 
fifth, seventh and higher. These crystals are more fre- 
quently employed in the series-resonant mode (al- 
though they can, of course, also operate in the parallel 
mode). Cs is extremely small. For example, in a fifth 
overtone crystal, CS is on the order of 0.0005 pF at 
70 MHz. Hence these crystals are much more difficult 
to pull on frequency by using a capacitor and conse- 
quently, are relatively unaffected by changes in the 
rest of the circuit because of temperature variations. 
With these crystals, however, a test circuit should be 
used and supplied to the vendor. 

drive level 
In general, crystal levels should be kept low. Some 

manufacturers specify a maximum level for AT-cut 
crystals operating in the fundamental mode, as 5 mil- 
liwatts. But whatever the maximum level quoted, it 
is better and safer to stay well below that value for 
a number of reasons: 

Excessive drive levels can break the crystal. 

The frequency stability is poor because of crystal 
heating, which causes excessive drifting. 

The crystal is much more susceptible to jump fre- 
quency or to operate on one of the crystal spurs, or 
to deliver an output at two or more frequencies simul- 
taneously. These effects are most likely to show up 
with temperature variations. 

Note that the drive level will have some effect on 
the frequency; generally, doubling drive level will cause 
2 ppm change. 

fig. 2. Crystal mounted in holder. Cs; is the loading 1 
capacitance. 

frequency-temperature characteristics 
The AT-cut crystal has been cut at an angle of 35 

degrees. Figure 3 shows the frequency/temperature/ 
angle-of-cut characteristics. Note that the turnover 
points are placed almost symmetrically on either side 
of the center point, 79 degrees F (26 degrees C). For 
example, with the cut at + 20 minutes, the upper turn- 
over point (UTP) is at 223 degrees F (106 C) and the 
lower turnover point (LTP) is at - 47 degrees F ( - 44 
C). Thus at 144 degrees F (80 C) and - 126 degrees 
F ( - 70 C), they are on either side of the center point. 

At times, then, one would specify these points - 
for example, if the crystal were to be placed in an oven 
that operates at, say 176 degrees F (80 degrees C). 
It would then be a good policy to have the crystal on 
frequency at the turnover point of 176 degrees F (80 
C), for at that point the rate of change is least, thus 
improving frequency stability. Bear in mind, however, 
that components that are not temperature controlled, 
but form a part of the frequency-determining network, 
will still have an influence on frequency stability; thus, 
if at all possible, they too should be inside the oven. 

Another frequently called specification states that 
the frequency must be within + 10 ppm over the tem- 
perature range of 158 degrees F (70 C) to - 22 degrees 
F ( -30  C). Inspection of fig. 3 shows that the cut at 
+ 4  minutes can meet this, but only barely. There is 
no margin for error in the angle of cut or for external 
component changes or tolerances. As a consequence, 
in the test area, the rejection rate is likely to be high. 
Generally, oscillators of this nature incorporate some 
form of temperature correction circuit consisting of 
thermistors or varactor diodes. 

Unfortunately, these circuits invariably have to be 
adjusted during test, thus causing an added expense. 

using NTC capacitors 
Figure 4 shows a typical oscillator. Assuming the 

capacitances due to the transistor are small and can 
be ignored, we have a 20 pF loading capacitance made 
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I table 2. Results. I 
-2.0 F 

temperature ( -- 19 Cl 

Fp (MHz) 9.999804 
AF ( P P ~ )  - 19.550 

CL (PF) 21.755 

table 3. Corrected figures. 

- 2.0 F 
temperature ( 19 C1 

up by the trimmer in series with the two 150-pF capaci- 
tors. Most mobile radio equipment is required to oper- 
ate over the temperature range of - 22 degrees F ( - 30 
degrees C) to 158 degrees F (70 C). Thus with a total 
temperature change of 180 degrees F (100 C) the 
N2200 capacitors will change by: TC x change in 
degrees F x 5110,000 x 9 equals percent. 
(TC x change in degrees C/10,000 = percent), 
where TC is the temperature coefficient. Thus 
2200x 100110,000 = 22 percent, so that the total 
value of the two 150-pF capacitors in series 
= 75 + 11 percent. A t  - 22 degrees F ( - 30 C) the 

capacitance is 83.25 pF; at 158 degrees F (70 C) it is 
66.75 pF. 

The trimmer, which has a value of 27 pF, will change 
by 7.5 percent over the temperature range, thus at 
- 22 degrees F ( - 30 C) it will be 28.01 pF and at 158 
degrees F (70 C) it will be 25.99 pF. The total C that 
the crystal thus works into at 158 F (70 C) is the series 
combination of 66.75 + 25.99 pF in parallel with a Cp 
of 6 pF, or a total of 18.71 + 6 = 24.71 pF. At -22 
degrees F ( - 30 C) this becomes 20.96 + 6 pF = 26.96 
PF. 

If we use these capacitors in conjunction with crystal 
2, which has a Cs of 0.02 pF and Fs = 9.99631 MHz, 
we thus obtain Fp at 158 F 170 C) = Fs x 1.0004048 
= 10.000357 MHz, and at -22 F ( -30 C) = Fs x 
1.0003709 = 10.000018 MHz. The total frequency 
change thus brought about = 339 Hz, a variation of 
33.9 ppm. With the help of fig. 3, we can now locate 
a crystal that has its turnover points at f 17 ppm. The 
chart shows an 8 minutes cut to be close, with turn- 
over points at - 11.2 degrees F and 168.8 degrees F 
( - 24 C and 76 C, respectively) and a frequency vari- 
ation of + and -20 ppm. The frequency changes due 
to the crystal would thus be reduced to approximately 
+ 3 ppm by the use of NTC capacitors, a very worth- 
while improvement obtained without any increase in 
cost or number of components. Of course, the exam- 
ple given here is not the only combination. Had we 

chosen crystal 3, with a Cs of 0.04 pF, we would have 
obtained twice as much pulling ability, and thus use 
capacitors with a smaller NTC. Using a 12 minute 
angle places the turnover points further out thus 
extending the usable temperature range of the oscil- 
lator. Do not, however, lose sight of the fact that any 
circuit variations brought about by temperature 
changes will have an effect on the frequency so that 
bypass capacitors, layout and component placement, 
and good engineering principles must be taken into 
account. 

long-term stability 
Some manufacturers publish figures for their crys- 

tals. In general the cold weld type holder will have bet- 
ter long-term stability. It is not easy to determine as 
it is a matter of time; however, to achieve the greatest 
stability the oscillator should operate continuously. It 
should also be subjected to a program of temperature 
cycles with the oscillator operating before setting it 
to frequency. How much aging can one expect? It is 
not unreasonable to look for a f 3 ppmlyear figure, 
which in most applications is very acceptable. 

resistance and temperature 
The series resistance of the AT-cut crystal tends to 

go down in value as the frequency increases when 
operating in the fundamental mode. With overtone- 
mode crystals the reverse occurs. In the range of 5 
to 20 MHz, a maximum value of 50 ohms is reasona- 
ble. Overtone crystals tend to have series R values 
about 50 percent higher. The resistance tends to be 
temperature sensitive and can easily double in value 
at 158 F (70 C). In some cases this could lead to oscil- 
lator failure or to a considerable reduction in output 
power. Specifying the maximum R over the operating 
temperature range rather than at 79 F (26 C) can avoid 
any misunderstandings with the manufacturer over 
this matter. Keep in mind, however, that over-speci- 
fying costs money. The tighter the specifications, the 
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' C - 1 1 4  -94 -79  - 5 4  - 3 4  -14 6 26 46  66 86 106 126 146 166 
-F  -173 - 1 3 7  -101 -65 - 2 9  7 4 3  7 9  115 151 1.97 223 259 295  J J I  

fig. 3. Frequencyltemperature angle of cut characteristics for quartz crystal resonators. LTP and UTP are respectively lower 
and upper turnover points. Chart is for AT-cut crystals. 
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table 4. Results. I 
2.0 F 

temperature ( - 19 CI 

crystal 8' (pprn) 21 
corrected (pprn) 22.595 
error (pprn) 1.595 

table 5.  Results. 

2.0 F 
temperature 1 - 19 C) 

F, (MHz) 9.999905 
AF (ppml 9 .474  

C, (pF) 20.817 

table 6. Corrected figures. 

-2.0 F 
temperature ( - 19 C )  

calculations by entering into the calculator display the 
value of CL at 15 degrees C below the lowest temper- 
ature of interest, thus in the example at - 60 C (AT), 
( -29 F or -34 C) = 1.132 x 19.853 = 22.47 pF. 
Note that the value of CL at 79 degrees F (26 Cl 
(79.853 pFl is not used in the program. 

We now have the calculated values of Fp in MHz 
at every 15-degree C interval as well as the change in 
Fp (AF) in pprn (table 2). We find at the 26-degree 
C point an error of 3.045 pprn. In practice, correction 
is by adjusting C1 to pull it on frequency. On paper, 
we do it by substracting 3.045 ppm from each figure 
(see table 3). 

Our next step is to look at the curves of figs. 3 and 
5. These are the frequencyltemperature curves for AT- 
cut crystals. Note the dashed line which intersects the 
upper and lower turnover points with the various 
angles of cut. For our purpose, fig. 5 is more con- 
venient to use. Now project on this set of curves, at 
the -2.2 F ( - 19 C) point, the - 22.595 ppm obtained 
from the corrected figures in table 3, but with a 
change of sign. Thus as a + quantity, it intersects the 
LTP just above the 8 minute cut and in the other direc- 
tion, at 160 F (72 C), it is close to intersecting the UTP 
of a 9 minute cut. 

A crystal with an LTP at - 2.2 F ( - 19 C) of 22 pprn 
would appear to be our best bet, (approximately an 
8 minute cut). Tabulating the figures for this crystal 
and subtracting the corrected figures from them, we 
obtain the results shown in table 4. 

We have thus improved the frequencyltemperature 
performance of the system from a maximum variation 
of 42 pprn to one with a change of 5.037 ppm, about 
an 8: 1 improvement. 

Next, determine and tabulate the values of CL, Fp, 
and the change of Fp (from that at 79 degrees F (26 C) 
in frequency and pprn with temperature. Except for 
the frequency, it serves no practical purpose to tabu- 
late beyond three decimal points; similarly, there is little 
to be gained in making the temperature steps closer 
than 27 degrees. An operating range of 81 degrees F 
(45 C) above and below 79 degrees (26 C) is sufficient 
for most applications. 

capacitors with N2200 
temperature coefficients 

In the following example, C1, C2, and C3 have an 
N2200 temperature coefficient. And since they are all 
in series (fig. 4A) it is a simple matter to calculate CL 
at 79 degrees ,F (26 C). CL = 1 1(1/27 + 1 /75) = 

1 l(0.0370 + 0.0133) = 19.853 pF. Next, calculate the 
new value of CL at a temperature 27 degrees F (15 C) 
below 79 degrees F (26 CI. We can use either the for- 
mula above or use the calculator program shown in 
appendix A. As this calculation is very simple (there 
being no mixture of TCs) we will use the formula, thus: 
2200 x 15110,000 = 3.3 percent. The new capacitive 
value is = 19.853 x 1.033 = 20.508 pF. That is, for 
every 27 F (15 C) degree decrease in temperature, the 
capacitance increases by 3.3 percent. Conversely, the 
capacitance decreases in value by 3.3 percent for every 
27 F (15 C) degree increase in temperature. Hence the 
multiplier is then 1 11.033 = 0.968. It is this value that 
is used in the calculator program in appendix 6 as 
the capacitance multiplier. 

To use the program we enter in lines 02,03,04 the 
capacitance multiplier 968 plus the other values as 
shown (which belong to the crystal.) We then start 
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TEMPERATURE 

fig. 5. Frequency/temperature curves used to demonstrate crystal performance. (A text example. Chart is for AT-cut crystals.) 
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I 
table 7. Results. 

2.0 F 25 F 52 F 79 F 106 F 133 F 160 F 
temperature ( -- 19 C )  ( - 4  C )  ( 1 1  C )  (26 C )  ( 4 1  C )  156 Cl (71  CI 

crystal 5.5' (pprn)  12 11 7 0 - 6.5 - 11 - 12 
corrected (pprn)  - 12.078 - 8.089 - 4.064 0 4.1 8.238 12.413 
error (pprn)  - 0.078 2.91 1 t 2.938 0 - 2.400 -2.762 0.413 

N750 temperature coefficient material 
In the next example, the TC of C1 is changed to an 

N750 material. Because we are now employing two 
different TC materials in the capacitors forming CL it 
is easier to make use of the program in appendix A. 
Calculate the value of CL at 15 C and at - 60 C I - 29 
F ( -34 C)1 below 79 F (26 C). The rest of the calcula- 
tions are the same as for our first example. The value 
of CL at 79 F (26 C) is of course, still 19.853 pF. Capa- 
citors C2 and C3, being identical and in series, are thus 
treated as one capacitor of 75 pF. 

temperature 52' F ( l l ° C J  -29O F 1-34OC)  

C1 ( p F )  = 27.304 28.215 
C2,3 (pF) = 77.475 84.900 
CL ( p F )  = 20.189 21.177 

The capacitance multiplier = 20.189/19.853 = 1.017 
and the value used in the calculator program is 
111.017 = 0.983. Start the calculations by entering 
into the display CL at -29 F ( -34 C) = 21 .I77 pF. 

We have now the calculated values of Fp (in MHz) 
(see table 5) at every 15 C-degree interval, also the 
change in Fp (AF) in ppm. We now correct for the 
shift at 79 F (26 C), by subtracting 2.604 from each 
reading see (table 6). 

Turning now to the curves (f ig. 5) locate at --2.2 
F ( - 19 C) the + 12.078 ppm point. This is located just 
below the + 6  minutes cut, which has its LTP at 7 F 
( - 14 C) and at the 13.5 ppm point. Thus a crystal, 
having an angle of cut just a fraction below this would 
probably be our best bet, a cut having its LTP at: 14 
F ( - 10 C) degrees with + 12 ppm (approximately a 
5.5 minutes cut). Tabulating the figures for this crys- 
tal and subtracting the "corrected figures" from them, 
we obtain the results shown in table 7. We have thus 
improved the frequencyltemperature performance 
from a 24 ppm change to 5.848 ppm, an improvement 
of 4:l. 

summary 
The improvement in frequency drift with tempera- 

ture is considerable and obviously desirable. Instead 
of specifying the angle of cut, specify either the LTP 
or the UTP (whichever is more important), giving both 
the temperature and the amount of change desired 
from the 79 F (26 C) degree point. Since these points 

are easily measured using standard test equipment, 
the manufacturer decides on the angle of cut. Crys- 
tals tend to show hysteresis, or inability to retrace 
reverse conditions, so temperaturelfrequency meas- 
urement should always be made from the same direc- 
tion in terms of temperature. 

To obtain the greatest frequency stability with tem- 
perature and time variations, and if power conserva- 
tion is of secondary importance, place the complete 
oscillator in a temperature controlled oven, specify the 
crystal frequency and the UTP at the oven tempera- 
ture, and allow both to operate continuously. 

Where power preservation is important, such as in 
portable equipment, use NTC capacitors to compen- 
sate the crystal and specify the upper and lower turn- 
over points. Place the capacitors close to the crystal 
so that they also "feel" the same temperature, keep- 
ing them clear from heat generating parts. 

Overtone crystals are frequently used in the reso- 
nant mode. It is generally desirable to tune out Cp with 
an inductance to prevent oscillations at a frequency 
determined by this capacitance. Frequency adjustment 
by the addition of a small amount of inductance is 
possible. 

appendix A 
TI-55-11 programming 
Calculates capacitance with change of temperature. Requires three 
data memories that contain the numerical values of C, the tempera- 
ture change or the temperature coefficient, and the number 
1,000,000. Displays the new capacitance value. 

step 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 

key 

X 

RCL 
1 

- 

RCL 
2 

X 

RCL 
0 

RCL 
0 
- - 
+ 

RST 

LRN 

line no. 

W 
01 
02 

03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 

key code 

65 
71 
01 

55 
71 
02 
95 
65 
71 
W 
95 
75 
71 
00 
95 
94 
22 

remarks 

memory 1. stores TC 
or temperature change 

memory 2. stores 1.MM.000 

memory 0, stores the value of C 

memory 0, stores the value of C 

displays the new value of C 
and resets the calculator 
to start 
takes the calculator out 
of the learning mode. 
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Now, key in the value of C(27) and ST0 in 0. Place TC(750) in 
ST0 1 and 1,000,000 in ST0  2. Clear display and press RST. Key 
into the display the temperature - 50 C. press RIS. The display 
should show 28.0125. thus the capacitance increased with a reduc- 
tion of - 50 C in temperature. 

Next place into the display 50, then RIS, and the display will show 
25.9875, thus a decrease in capacitance with increasing tempera- 
ture. Thus, by placing the TC of the capacitor into memory 1, and 
with the capacitor's value stored in memory 0, we can conveniently 
find the new value with any change of temperature. Interchanging 
TC with temperature, thus placing the temperature change in 
memory 1 and keying the TC into the display, will show the effect 
of changing TC on the capacitance value with various temperature 
coefficients. 

appendix B 
TI-55-11 programming 
Calculates and displays each new value of Fp, AF from Fp at 26 C 
degree, and the new value of CL (in pF). Note that F is shown in 
+ or - ppm. Requires three data memories. Memory 0 stores the 
new (decremented) value of CL, memory 1 contains Fs in MHz ( to 
SIX decimal places), and memory 2 contains the value of Fp at 26 
degrees C also to six decimal places. 

l~ne key 
step key no code remarks example 

1 x 00 65 
2 01 93 
3 02 " 9 
4 03 enter capacltlve mult~pl~er 6 
3 04 8 
6 05 95 
7 ST0 06 61 memory 0 must be empty (01 
8 0 07 00 at the start 

9 + 08 85 
10 09 value of Cp I6 pF1 6 
11 10 95 
12 x 11 65 
13 2 12 02 
14 - 13 95 
15 - 14 55 

I6 : 15 93 

l7 " 
16 value of Cs 10 016 pF1 0 

l8 . 17 ' 1 
19 18 ' 6 
20 x y  19 52 
21 t 20 85 
22 1 21 01 
23 22 95 
24 x 23 65 
25 RCL 24 71 enter Fs ~n memory 1 9 996923 
26 1 25 01 
27 26 95 
28 R I S  27 12 
29 28 75 
30 RCL 29 71 enter Fp at 26 degrees C 10 000000 
31 2 30 02 ~n memory 2 
32 31 95 
33 32 55 
34 RCL 33 71 
35 2 34 02 
36 35 95 
37 2nd Eng 36 47 
38 R I S  37 12 
39 RCL 38 71 
40 0 39 00 

End of program Automat~cally resets and d~splays the new value 
of CL, which is now in memory 0 

To start, press RST, enter Fs in memory 1 and Fp in memory 2. 
Check that memory 0 is 0. Enter into the display the value of CL 
at -76 F ( - 6 0  C). Example 22.474. Press RIS. Displays Fp at 

2 F ( - 19 C) : 9.999804. Press RIS, display 19.5507-06. This 
is the change in frequency from Fp at 26 C = - 19.550 ppm. Press 
RIS, display = 21.754832 00; thus 21.755 pF, which is CL at - 2 
F ( - 19 C). Press RIS again. This repeats the calculations, using 
this time CL at - 2  F 1 - 19 C), calculates all the 25 F ( - 4  C) 
parameters, and so on, saving a lot of repeating calculations. 
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appendix C 
TI-55-11 programming 
To calculate Fp = FS I1 + (Cs/2CL)I requires four data memories 
that will contain the numerical values of Cs, CL, Fs, and Fp at 26 
C degrees in this order. In the same order will be displayed the values 
of Cs12CL, Fp and the difference between Fp and the Fp at 79 F 
(26 C), thus AF. Partition four memories and place the calculator 
in the learn mode. 

step 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
:'2 

23 
24 

25 

key 
RCL 

0 

( 

2 

RCL 
1 

1 

R ' S  
t 

1 

RCL 
2 

R I S  

RCL 
3 

RST 

LRN 

line key 
no. code 
00 71 
01 00 
02 55 
03 53 
04 02 
05 65 
06 71 
07 01 
08 54 
09 95 
10 12 
11 85 
12 01 
13 95 
14 65 
15 71 
16 02 
17 95 
18 12 
19 75 
20 71 
21 03 

22 95 
23 22 

remarks 

memory 0 stores Cs 

memory 1 stores CL 

dlsplays value of Cs12CL 

memory 2 stores the value of Fs In MHz 

displays the value of Fp ill MHz 

memory 3 stores Fp at 26 C degree polnt 
(thus wlth a total C, at 26 pFI. 
Example 10 000000 MHz) 

d~splays the d~fference between Fp 
and the value contamed In memory 3 
takes calculator out of learn~ng mode. 

Key in the value of Cs (0.01) and ST0 in 0. Place CL (26) in ST0 
1. Fs in ST0 2, and in ST0 3. Place 10,000,000. Now press ONIC 
to clear the display. Check the contents of each memory for errors. 
If OK again clear the display and press R/S torun theprogram. The 
firststopshouldbeCs/2CL = 0.0001923. Press RIS again, up comes 
Fp = 10.000166 and finally the frequency difference at 0.0001667 
MHz. Press 2nd, Fix 6, which will fix the display to 6 decimal points. 
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DX'ERS MAGAZINE 
For over 17 years. Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely. 
pertinent information on when and where to find 
those elusive DX stations. 
Gus's personable. chatty writing style and his years 
of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA. Canada & Mexico. 

NEMAL ELECTRONICS INTL., INC. 
NOW AUTHORIZED BELDEN DISTRIBUTOR 

y o u r  one stop coax suppl~er! 

AVAILABLE IN :. i, .A",. 

a *  : " , , A , , .  ".,"." O,"% 

FT FT FT FT FT 
c.11 I- nmo n maw 
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HARDLINE 
Two slyla, h o  sizes lor  a l l  installation needs 
alurnlnurn Omer Caduclor Wth Polys(hylcne lacks1 
Ill inch loss 48 dRI1W 11 a, 30 MHI 

*"lW Or 25111 
718 !rich lms 78 dAllW 11 fin 30 MHz 

2 41 dHl lM It a) 1MO MHz S3 75/11 

Cwryind CDp~sr Outer Cmdrr(w wiM hIr#!lql.ns 
Jacks1 
117 tnch ~ms 38 ~BIIW n m 30 MHZ 
IF1C12 XU) 7 70 dBllW n 00 IMO MHz 11 5911 
718 inch loss 13 d0 l lW Il vn 30 MHz 
(FLCI7 78)) 1 3  dRl lM II nr 10W MHz $3 92111 

COMPARE RG 213 175 dB1lW 8 30 MHz 
8 5 dBllW c 10W MHz 

HARDLINE CONNECTORS 
117 inch aluminum UHF MIF 119 W Type N MI1 122 00 
718 hnch aluminum UHF MIF $49 W Type N MI1 $49 M 
112 lnch Coplwr UHF WF 127 W Typ~ N MIt 127 M 
718 !rich c o ~ ~ e r  UHF MIF $49 W Type N M i l  $49 W 

i%'?' 16.00 per t W  It. 
Connectors - 13.00 par order. 
Orders under  120 add 12 s d d l l l o ~ l p l ~ ~  sh lppbg.  
Charge card - orders over $30 only. 
COD a d d  12.00. Florida Res#dsnlr a d d  5%. 

F A C T O R Y  AUTHORIZED D ISTRIBUTOR 
AMPHENOL.  CABLEWAVE. COLUMBIA .  K I N G S  

B L O N D E R -  TONGUE. TYTON. B 8 K  

COIXllL CAI)LE - SMAN FUOOUClS 
MULTICONOUCTMI UBLE COaX.SML 
CONNECTORS.IOIPTERS . COMPUTER U B l E  
HARDLINE CRIMP TWLS 
CABLE TIES FIELD STRENGTH METER 

TUBES-2,000 TYPES 
DISCOUNT PRICES! 

New 20 pg who lesa le  ca ta log  l o r  I h e  r a d ~ o  
Co l l ec lo r l hobby~s l  A n l ~ q u e  h a r d  t o  11nd and 
m o d e r n  tubes  A l s o  t rans lo rmers  capac l l o r s  
a n d  pa r t s  l o r  lube equipment and books etc  

Antique Electronic Supply 
688-F W F ~ r s t  S t r e e t  

T e m p e .  AZ 85281 
6021894-9503 Y 176 

40m Phased Array 
-the Easy Way! 

&*%-&, 

OPTI PHASOR~~ by Bal leyTech 

Cha e d~recl~on ~nstantly 
~~gh?tB, a d j u s t a b l e  phaslng 
Low SWR o v e r  entlre 40m band 

m Just 2 d~poles glves 4 db g a t n  
A1w aBv8lat)le *nth malched $119 95 ,,,,,,a, t e a  

Check MO VISA MIC 
Call or Wr l te  lor  Complete Cs la log  

TET A n t e n n a s .  L a r s e n .  Hy-Ga~n. 
A l p h a  D e l t a ,  etc 

1587 U S. 68 N Xen~a, OH 4535!5 
(51 3) 3762700 H 111 

AUTHORIZED KENWOOD 
I-COM RADIO DEALER 

, 151 

H L HEASTER INC 203 BucWlannon Plke ClarIrrburp W 
Va 26301 Clarbburp Phone 1304) 674 5435 or W Va Toll 
Free 1800357 3177 

HAROLD HEASTER KABOHX 91 RdpefM Place Drnmd 
Beach TI  32074 Flollda Phone IW41 673 4066 
NEW urn ~IDE rou mn ~ELEFWOW r-rum 

1 800.M-12346 
Call us lor a quolalm W WILL SAM YW MON[YI 

Irll., 1""d Il,s.Ilmr 1 li".lal iir,l,.lnll"nr ,arb?, 

COAXIAL CABLE SALE 
P O L Y E T H Y L E N E  DIELECTRIC 

RG-8IU 9f,.',1 ~.liiv'~l M I  5pt.l ~S:"I(XI~l l l l l~ ( 8 ,  31V11 
RClIU qO1'il \tt8$.,d ."I ohr~t 11111 ~ P P C  25'111 
R(i 55Rlll lloubl~ rhlcld IHG 58 rsre) 50 ohln 45'111 
RG%U 11111 ~ P P I  '16% shl~lld 1110 W11W) 01 11~111 
RGfi7NU 'I69t1 rll~flcl nrll suet 93 ohm 17'111 
HCll4lU l r i l l l  50 !! lncl sppc l f f l l l  
HG713 nOllConl.lrcl#~ial~~ly 96% sh!eM ma1 spec 36'111 
Rl;?I4IU dnuhle ,liver sh!?ld 50 ohm S I 65111 
H1;7141U 11rmed l o ~ l w r  65'111 
HG7171U dollhie 5hsld 5011 518- W 85'111 

LOW LOSS FOAM DIELECTRIC 
RG-8X IMI~I 8) 9'1%. c,hwld IS15 WI lW) or 17V11 
RGBU 8Wi shl~I11 IS19 WIIWI or 22.111 
RG RIU 914  rnhl<Wl I 1  gu leq Belden R7la1 3 l ~ l l 1  
RCSRU 8(Y8C 5111rld 07c111 
RGSRII 9S"m sh~rld l f f l l l  
RG'I~IU 111096 11181 shield TV lype I f f l l t  
HI;~,OIU 71rih colrwr *etd WIII 
HtAVY DI11V ROIOR CARLE 2 16 ga 6 70 ga 36*111 
Hl~liir cnbl? 2-10 g;l 6 77 ga Poly burkal Jkl 1V111 
L,mvlpblr, ltne 01 :aulltconducln~ cahler avntlabb 

CONNECTORS MADE IN USA 
Amphenol 1'1 ?!,'I W 
PL 259 nnl la  50 239 65' ea w lWS5 99 
Uoublc Mal? Col,81erlnr $ I  79 
PL 754 Uutlble lv~n~.lle Conneclnr 98' 
PL 759 Sllvt~ Tcllot~ Ulnys 11 59 cr 
Redocc! Uli 175 or 176 724 or 10152 W 
UG 755 IPI 259 lo BNC) 52 95 
Llhua (M3591 UHF L l l ~ lw  $1 79 
f59A ( I V  hpel 24' m 10151 00 
UG 71 0111 l y p  N Male lor RGB. Amphenol U 00 
UG MCIU RNC Male lor RG58 Amphenal $1 75 
Ub 770 IINC i'1759 Amphenol $3 M 
3116 lnch M8kp Pluq lor Coll!nr elc (culolll Sl 75 
shlpping 
Cable - 13.00 per 1W 11. 
Connectom - sdd 10%. 13.00 minlmum. 
Orders under  $20 add  52 sddl l ional  p lus rhlpplng. 
Charge card - orders over $30 only. 
COD a d d  $2.00. Florida Rerldenls a d d  5%. 

/ 12240 N.E. 14th Ave. IN STOCK 

No. Miami, FL 33161 - ~ ~ ~ ~ ~ ~ ~ E t ~ ~ ~ ~ -  

Tele~hone: (305) 893-3924 , 129 



HOW DOES A SAIELUTE 
N SYSTEM WORK? 

products 

MFJ-815 cross-needle 
SWRIwattmeter 

MFJ's new cross-needle SWR /wanmeter, the 
MFJ-815, enables hams to read SWR, forward. 
and reflected power at a single glance. No SWR 
setting is needed at any range. 

The average forward and reflected power can 
be read in three ranges: 20/200/2000 watts for 
ward and 51501500 watts reflected. SWR can 
be read from 1 :1 to 5:l on a two-color scale. This 
unit works from 1.8 to 30 MHz, and accuracy 

is 4 10 percent full scale. The MFJ-815also fea- 
tures easy push-button range selectors. 

The MFJ-815 sells for a retail price of $59.95 
each, and can be found at many of the MFJ 
dealerships nationwide. All MFJ products are 
backed by a one-year unconditional warranty 
ant1 an additional 30-day guarantee covering 
products purchased directly from the company 

For further information, contact MFJ Enter. 
prises, Inc., P.O. Box 494. Mississippi State. 
Mississippi 39762. 

Circle KXQ on Reider S e ~ i c e  Card. 

questions about satellite 
TV? 
free booklet has the 
answers 

Seventy-eight of the most frequently asked 
questions about satellite TV are answered in a 
new 16-page. 6 by 9-inch booklet available free 
from Luxor. 

Arranged in an easy~to-follow question EI an- 
swer format.Everyfhtng You Need To Know 
Ahouf Home Satellite TV is divided into seven 
sections: "Getting Started." "The Channels." 
"The 'Birds,''' "Satellite TV Programming." 
"The Dish." "Satellite TV Receivers." and "Tun- 
ing In.'' Diagrams such as shown in fig. 1 illus- 
trate the basic operation of a home satellite TV 
system. the location of the Clarke satellite belt. 
and a typical satellite "footprint." 

fig. 1. Luxor's free 16page booklet 
answers commonly-asked questions 
about home satellite N, using text and 
illustrations such as this. 

Free copies are available from Luxor North 
America Corporation. MX) 108th Avenue N.E.. 
Bellevue. Washington 98004. 

Circle I304 on Reader Service Card. 

tough tool kits 
A selection of hest selling field engineer's tool 

kits from Jerisen Tools, Inc. is now available in 
rugged military style cases. Designed to endure 
rough handling and harsh industrial or military 
environments, these cases are molded of high 
density polyetliylerie and are 20 to 25 per cent 
thicker than conventional cases, and can with 
stand temperature extremes ranging from 200 
F to I 185 F. 

Unique features include a permanent olive 
drab IFFD.STD-595) finish; heavy-duty tongue 
and groove aluminum valance with gasket to seal 
out dirt and moisture; combination lock and pad- 
lock Imps for added security: spring-loaded han- 
dles, low profile, quarter-turn latches; and 
molded-in stacking lugs to provide strength and 
secure stacking during storage. 

These cases art! offered with the Jensen 
JTK-17, JTK-87 or JTK-99 tool and pallet selec- 
tions, or they can be bought separately without 
tools. 

For more information or a free catalog, con- 
tact Jensen Tools Inc.. 7815 South 46th Street, 
Phoenix. Arizona 85044. 

Circle T305 on Reader Service Card. 

TESTED - FULLY GUARANTEED 
2.30 MHz 12VI' 2 8 V  

P I N  Ralrng Each Mafch Pr 
MRF406 ZOW S14.M $32.00 
MRF4tZ.IA 80W 16.00 45.00 
MRF421 1WW 25.00 56.00 
MRF421: 1lOW - 64.00 
MRF422 150W 38.00 82.00 
MRF426,IA' 25W 16.00 42.00 
MRF428" 150W 55.00 125.00 
MRF433 12.5W 12.00 30.00 
MRF435' 150W 42.00 90.00 
MRF449,lA 30W 12.50 30.00 
MRF450,IA 50W 14.00 31.00 
MRF453,IA 60W 15.00 35.00 
MRF454.IA BOW 16.00 36.00 
MRF455,IA 60W 12.00 26.00 
MRF456 60 W 20.00 46.00 
MRF46O 60W 16.00 42.00 
MRF464' BOW 25.00 60.00 
MRF466' 40W 16.75 48.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 6.00 
MRF477 40 W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF465. 15W 6.00 15.00 
MRF492 W W  16.00 40.00 
SRF2072 75W 15.00 33.00 
SRF3662 l l O W  28.00 60.00 
SRF3775 75W 15.50 34.00 
SRF3795 65W 16.50 37.00 
CD2545 SOW 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 50W 15.00 36.00 

Sr i t3cted H!gh Gam Matched Oudds Avarlablr 

VHFtUHF TRANSISTORS 
Ralrng M H z  N e l  Ea. March Pr 

MRF212 t 0 W  138-174 116.00 - 
MRF221 15W 136.174 10.00 - 
MRF222 25W 136.174 14.00 - 
MRF224 40W 136.174 13.50 32.00 
MRF231 3.5W 66.0  10.00 - 
MRF234 25W 66-88 15.00 39.W 
MRF237 4W 136-174 3.00 - 
MRF238 30W 136.174 12.00 - 
MRF239 30W 136.174 15.00 - 
MRF24O 4OW 136.174 16.00 - 
MRF245 BOW 136.174 26.00 65.00 
MRF247 75W 136.174 27.00 63.00 
MRF250 SOW 27,174 20.00 46.00 
MRF26O 5W 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 407.511 22.00 - 
MRF644 25W 407.512 24.00 54.00 
MRF646 40W 407.512 26.50 59.00 
MRF648 60W 407.512 33.00 69.00 
2N3866' 1W 30.200 1.25 - 
2N4427 1W 136.174 1.25 - 
2N5591 25W 136.174 13.50 34.00 
2N5642' 20W 30-200 13.75 34.50 
2N5945 4W 407.512 10.00 - 
2N5946 10W 407-512 12.00 - 
2N6080 4W 136.174 6.25 - 
2N6081 15W 136.174 7.50 - 
2N6062 25W 136-174 6.90 - 
2N6063 30W 136.174 9.30 24.00 
2N6084 40W 136-174 11.75 28.50 

TMOS FET 
MRF134' 5W 2.200 110.50 - 
MRF137' M W  2.200 22.50 - 
MRF138" M W  1.5.150 35.00 - 
MRF150" 150W 1.5.150 80.00 - 
MRF172' 60 2.200 65.00 - 

Selecled. marched l lnals lo r  Kenwood. Yaesu. 

rence mformal~on o n  CD. PT. RF. SRF. SD PINS 

ANTlTY DISCOUNTS AVAILABLE 
SHIP SAME DAY C.O.D.IVISAIMC 

INFORMATION AND CALIF. ORDERS: (619) 744-0728 
OUTSIDE CALIF. ORDER DESK: 840-8544927 
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products 

CW manual 
This manual (with tapel from Gordon West 

is a complete guide to assist you in passing the 
5. 13: and 20 WPM code exams. This is not a 
Morse Code training or speed building kit, but 
rather a program of successfully applied exer- 
cises to help you understand and deal with prob- 
lem areas. 

How to Read Whar You Writ!addresses many 
topics including why students do not pass the 
code exams; how to avoid the common 
errors: setting goals in code practice; reading the 
material and finding answers once you've copied 
the code; dealing with code opposites and let- 
ters and numbers that are easily confused; word 
and sentence techniques; overcoming plateaus, 
and what to do when test day finally arrives. 

How To Read What You Writ! is available 
directly from Loraine McCanhy. Code Programs 
Manager. Gordon West's Radio School. 315% 
Ruby, Balboa Island. California 92662. The price 
is $14.95. All orders are shipped by first class mail 
the same day. lAdd $2.00 postage and handling.) 
Circle 1301 on Reader Service Card. 

Heathkit catalog 
Several new products are featured in Heath's 

new catalog. Included are four new Amateur 
Radio products: an antenna noise bridge for pin- 
pointing the cause of mismatches in antenna sys- 
tems; a VLF ConJerter for receiving the 10 to 
5Ml kHz band between 3.5 MHz and 4.0 MHz 
011 a receiver; an active SWL Antenna for receiv- 
ing signals between 30 kHz and 30 MHz; and a 
new touchtone decoder for eliminating extrane- 
ous monitor racket. 

Six new test instruments have also been 
added: a new radiation monitor, the RM-4, is a 
handheld device for measuring radiation in the 
alpha, beta, gamma. and X~ray spectrums. The 
new PMK-130 RS 232 hand-held Breakout Box. 
designed for troubleshooting computer interface 
problems, allows access to all 25 communica- 
tion lines. The Heath Digital LC Bridge. model 
IT-2240 Dual Trace Oscilloscope provides a wide 
DC to 25 MHz bandwidth. 

More than 400 products are available. For a 
free copy contact Heath Company. Dept. 
150.597, SI. Joseph. MI. (In Canada. contact 
Heath Company, 1020 Islington Avenue. Dept. 
3100. Toronto. Ontario. M8Z3. 

Circle 1303 on Reader Service Card. 
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TWO NEW ONES 
QUICK-N-EASY ELECTRONICS PROJECTS 

--- , bv Bob Green ,. - - 
IOUiGk-~-~fl Hkre 5 a neal book lo help 

RO~\C8' ,  whlle away a run( atlet. 
noon Conla~ns 40 qu~ck 

~ ~ C ~ J E C ~ '  and easv lo bulld prolects r uslng commonly Iound 
. eleclronlc components 

1 .  " ' Learn-by-dolnq lormat IS a 
boon to beginners whfle 

I advanced bullders will en- 
I "rl 

loy the range ul prolecls 
~ncluded Prolecls Include 

c CPO. h~gh VSWR alarm. 
P i Y  l l l ree bntlery clrarger. body 

, .. ~ ~ bug and sun spoflcr lo 
name lust a lew 4 ,.D Includes lisl ol mail order and 
local parts suppl~ri :.uggesllons 1st edltlon 1985 

FROM ARCSOFT 
EASY-TO-BUILD ELECTRONICS PROJECTS 
by Bob Green 

40 more electron!cs prolecls Ee~y-%O'eut'd 
olr\lC5 to work on1 Complete plans E L F ~ R  - and schemat~cs and easy to 

locale parts means lhaf you 05c''rS ' 
can usually complete lhese 
prolects 111 an evenlnq Pro . ' ' - - - . ,  
leclg Include Ad sliencpr 1 \ -5 Mugger bugger radlo lester . . . 
IUSP lelllalr plus 36 more 
More pracllce lor the bPq~n I ' 
net and more lun lor Ihp ad - " '  \ ,  
vanced budder ISI pd~t~on - 3  t' 
1985 96 paqes 
AS-ET Soflbound $7.95 

Plsara snclors $3 M to cowr ahlpplnp and handllnp 
96 pages 
AS-ON Soflbound $7.95 ham radio..,.._ BOOKSTORE 

,,,,, ,, , ,  , .,,, ," ,,,,, , ,, , > ,  
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LEARN ALL ABOUT 
TROUBLESHOOTING 

MICROPROCESSOR-BASED 
EQUIPMENT 

AND 
DIGITAL DEVICES 

Attend lh~s 4 day semlrlar and master the es5enllalS 
01 mlcroprocessol ma~nlenance Ga~n a llrm under 
slandlng of microprocessor lundarnenlals and learn 
spec~allzed trouhleshoahnq techniques Fee 1s $695 W 

CURRENT SCHEDULE 
Dallas. TX - Feb 18-21 
Albuquerque. NM - Feb 25-28 
Atlanta. GA - Mar 18-21 
Tampa. FL - Mar 25-28 
Ch~cago. IL - Apr~l 15-18 
C~nc~nnati. OH - Apr~l 21-24 

MICRO SYSTEMS INSTITUTE 
(1.1r11r1t Knnws f?f>O.<2 / 133 

1') 1 :%I sox 4(>1IC> 

*O"..ll~,lD 95 r 
ITS NOT JUST ANOTHER 

AUTOPATCH MAW 
YOUR OWN P I I l V A T l  AUTOPhTCH -0 (ol*,, r w r  
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~ n ~ r n d u ~ ~ ~ q  ~IM M~CRO RFPFATER CONTROLLER RPT 2 1  a ~n 
concepa ,n LOW COST FASY 10 INTERFACE rnrrocomputsr 
1ameIel cm!,nl Rnplscr 010 1 r hoard5 -8th 8 stale Dl  ll(e an 
mlcIoCMlputer that adds NFW'?LAIIIRFS HIGH RELIABILITY 
LOW POWR SMALL SIZF an0 FULL WCUMENTATON lo yOur 
sy7!rm olrec! antedace 16rwmn1 wt!h most mpea!ers Dpfamlm ~n 
an( ,n,nmatm l o c j ~  orq,m* Mcno RFPFATFR ~ONTROI 
nrlmrls lenlurW tn 0 5 T  Drr la81 

'w, C W  I"  MI"...^, . 
I,- ',,,I timrr 
I'm lmrrxn#l Walrmn<l MSG 
l'slrl Imnwl < W M'% 
L'<>$<rfe\y I kc ,  
A,,.,,,,*," l,,,,,,,~ 

I RM.2A Kit OnlV $129 plus $3 132 shlmna I 
PROCESSOR CONCEPTS 
P 0 BOX 37908 
MINNEAPOLIS MN 55432 
(616) 780-0472 7pml0pm evenmgs 

CALL OR WRITE FOR FREE CATALOG AND SPEClFlCAilIINS 

The "Flying Horse" 
has a great new look! 

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

The North Amerlcan Callbook llsts the 
amateurs In all countrles In North America 
plus those In Hawail and the U.S. possessions. 

The lnternatlonal Callbook llsts the calls. 
names, and address Information for llcensed 
amateurs in  all countrles outside North 
Amerlca. Coverage Includes Europe. Asia. 
Africa, South Amerlca, and the Paciflc area 
(excIusIve of Hawail and the U.S. Posses- 

The callbook Supplement Is a whole new 
Idea in  Callbook updates. Published June 1. 
1986, this Supplement wll l  Include all the 
activlty for both the North American and 
lnternatlonal Callbooks for the Preceding 

Publlcatlon date for the 1986 Callbook Is 
Dacember 1, 1985. See your dealer or order 
now dlrectly from the publlsher. 

0 ~ 0 1 t h  American Callbook 
lncl. shlpplng wfthln USA $25.00 
Incl. shlpplng to  foreign countrles 27.60 

0 International Callbook 
Incl. shlpplng within USA $24.00 
Incl. shlpplng to  forelgn countrles 26.60 

o Callbook Supplement. PUbllshed June 1st 
Incl. sh lp~ lng within USA $13.00 
Incl. shlpplng to  forelgn countries 14.00 

SPECIAL OFFER 
o 80th N.A. 6 International Callbooks 

incl. shipping within USA $45.00 
Incl. shlpplng to foreign countrles 53.50 

**.*.....*.* 
llllnols residents please add 6 V 4 %  sales tax. 
Al l  payments must be In U.S. funds. 

RADIO AMATEUR 

Dept. F ac ;;; b;;;;;;;g 
Tel: (312) 2346600 

I MICROWAVE MODULES TRANSVERTERS 
6 CONVERTERS 
MMT12961144G I?qfiMHI 14411 ?W t A A S f I 1  U19 
MM1432128.S .n.'MtII 7H i a  50 11 IOW $269 
MMT220128 :'711;MH/ ?R 01 50 11 Ir,W $219 
MMTI44128 IO.IMH;?R or 50 IF 1SW $179 
MMT144128R 1,14MH/ 7811 GAASFI 1 IIRM 75W $299 
MMCl44128HP I.IIMH7 PHlf i,AASlt T LIHM 1 79 

SSB ELECTRONIC TRANSVERTERS. PREAMPS. 
I INFIRS - . . . - . . . . - 
MICROLINE 
LT23S 
LT3OS 
OX2320 
OX1296 
MY 1296 
DX432 
MV432S01 
DXZZO 
MV220S01 
DXl44 
MVIUSOI  
PA2310 

TUBE AMPLIFIERS 
T129612W I:'16MHZ ?on+ W 7lubr $215 
PA2325 :'llMMHZ 75 + IIUIIC $325 
WATER COOLING IA1.Kt IS In, 2C31 7789 plr S 10 

61 1 I'IlICf !I IN Il!S AIR MA11 SHIPPING INCLllDf D 

I TRANSVERTERS UNLIMITED 
I anr c>ac qrarlnrr a 

TORONTO. ONTARIO HANS PETERS (VEJCRU) 
CANADA M5W lP3 (416) 759-5562 EVENINGS 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the  East Coast. 

Large par ts  inventory and factory 
author ized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Serv~cing "Hams " for 30 years, no ng 

loo old.or new for us. 

1 4033 Brownsville R o a d  I 
Trevose, Pa. 19047 - 2 15-357-1 400 I 
DX EDGE I 

I GRAYLINE AND LONG PATH 
PREDICTOR I 

Great Circle Overlays 1 20.. 30.. il 40° LaIltude (NSS, I . . . . 
$5 each 
S3 When purthased wlth rllds rule OX Edge 
1'leas~ encbse 13 50 rhlpplno and handllng I 
Ham Radio's Bookstore 
Greenville. NH 03048 

Tell 'em you  saw it in HAM RADIO! 



RATES Noncommercial ads 10C per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
g a n i z a t i o n s  receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. R e p e a t  insertions of h a m f e s t  ads 
pay t h e  non-commercial r a t e .  

COPY No special l a y o u t  or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in- 
clude f u l l  name and address. We reserve the 
right to r e j e c t  unsuitable copy. Ham Radio can- 
n o t  check each a d v e r t i s e r  and thus c a n n o t  be 
held responsible for claims made. Liability for 
correctness o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th o f  second preceding 
m o n t h .  

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

SCHEMATIC: Rad~o recetvers 1920'sl60's Send brand name. 
model No SASE Scaramella PO Box 1. Woonsockel RI 
02895.0001 

TEMPO S5T mtnl. wllh case, ducks. 518 galn antenna 
charger, S30 ampllf~er all manuals $225 or best offer Denn~s 
KAIBYO. (203) 243-9458 or 528-9756 

THE GOOD SAM HAMS orltr RV ~rr)er.~tnr~ 10  heck -n the 
Good Sam rlan, nrt 14 240 Sunddv5 19002 also 3 880 T..~~sddvs 
a1 23592 N1.t I otrtrol hS8Dh CI~II%IIC I h  

OLD RADIO transcrlptlorl d~scs wanted Any 5111. speed 
W7FIZ Box 724 HR Redmond WA 98073 0724 

RTTY-EXCLUSIVELY for the Amateur Telepr~rit~:r One year 
$10 00. Beginners RTTY Handbook $8 00 PO Box RY. Card~ff. 
CA 92007. 

- 

IBM-PC RTTYICW. CompRnv II ~sthe complete RTTYICW pro 
gram for the IBM-PC and compattbles. Virtually ariy speed 
ASCII. BAUDOT. CW. Text erntry vta bull1 111 editor1 10,000 
character transm~rlrece~ve buffers Adjustable spl~r screen dls 
play. Instant modelspeed change. Hardcopy, diskcopy. break 
~n buffer, select call~ng. text file transfer, custom8zable full screen 
loggong. 24 progran~mable 1W0 character messages. Now wlth 
WRU (s~mple ma~lboxl. Ideal for MARS and traff~c handl~ng 
Requires 128k PC. XT, AT. PCrr. PC-DOS, serial pon. RS-232C 
TU $65. Send call letters llncluding MARS) with order. Men. 
tuon Ham Radso Magazlne and take $10 off Davd A R~ce. 
KC2HO. 7373 Jessnca Drive. North Syracuse, NY 13212. 

UHF PARTS. We stock GaAs Fets, Tr~rnmers, and rnany of 
those impossible to flnd parts for the UHF budder. For exam 
ple. MGF 1202 at S10.W. Frnger Stock at $7 50 per 16" strip 
SASE brings list, Microwave Components. 11216 Cape Cod. 
Taylor. MI 48180. 

IMRA, Internattonal M~sston Radio Assoc~at~on helps mtssion 
arles. Equipment loaned. Weekday net. 14.280 MHz. 2-3 PM 
Eastern. Elght hundred Amateurs ~n 40 countries. Brother Frey, 
I Pryer Manor Road. Larchmont. New York 10538 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Rndlo Austrla 
Karln Usber 

Canada 

PostIaCh 2454 
Send orders la 

0-7850 Loerrach 
Ham Radlo Magarlne 

West Germany 
Greenvllle NH 03048 USA 
P ~ V C P S  ~n Canadtan funds 

Ham Radlo Belg8um I yr $29 95 2 yr% $53 30 
SlereoMuse 3 yrs 175  40 

Brusselsesleenweg 418 
8-9218 Gent 
Eelglum Ham Radlo Italy 
Ham Radla Holland V!a Mantago I S  
Poslbus 413 1 201 34 Mllano 
NL 7800 Ar Emmen Italy 
Holland 

Ham Radlo Europe 
801 2084 Ham Radm Sw812erland 
S-194 02 Upplanas Varby K a m  Ueber 
Sweasn Po~tfach 2454 

0-7850 Lmrrach 
Ham Radlo France Werl Germany 
SM Elaclronlc 
XI M. Ave des Clara05 
F-8- Auxerre 
Francs Ham Radlo England 

Ham Rnd~o Germany 
cio R S G B 

Karln Ueber 
Alma House 

PasHach 2454 
Cfano~rne Road 

0-78- Lmrrach 
Porters Bar 

West Germany 
Hens EN6 UW 
England 

RUBBER STAMPS: 3 ltnes $4 50 PPD Scnd check or MO to 
Ci L Plerce, 5521 B~rkdale Way, San Dlcyrr. CA 92117 SASE 
br~ngs ~nformat~on. 

ELECTRON TUBES: Rece~vlnq, transmlttlrlq. microwave all 
types available Large stack. ~ e *  day dellveri most cases. Dally 
Flectronlcs. PO Box 5021). Comptorl. CA 09224 I2131 774 1255 

CUSTOM MADE EMBROIDERED PATCHES. Any slzr, shape, 
colors. Five patch mlrllnlum Free sample, prlces dnd ordetlng 
~nformatlon Hem Spectalt~es. Inc . Dept 301, 4202 N Drake, 
Ch~cago. IL 60618 

RESISTORS any value quarit~ty. 1 4 w.a~t @ $ 01. 1 2 watt 
@ 5 015 ($1 00 mlnlmurnl Ouant~tv discounts 1 000 i Send 
wattage(s1. valuels!, quantltylsl,  and rcln,ttan,:e to 
1 0 R C C.C Electron~cs, box 47148, Chl, ago lll~rro~s W 7 .  
13121 342 9171 

ELECTRON TUBES Harl~o b TV types 7541. off Ihsl prlcr huge 
Inventoryl Also ~ndustr~.ll types St:nd for Free Catalog today 
rlr call Toll Free 18001 221 5802 Box HC Tr.~nsle!r:ron~cs. Inc. 
1365 39th Street. Brooklyn. NY 11218 

NEW PACKET RADIO PROGRAM for IBM PC's A r~?lecom 
program for ~nterfaclnq ynur PC wah your pa,:hel controller Spe 
1:151 funrtlons lor GL8's 'j pdge scrolllny screen wlth cursor corl 
trol Iwo  types B~nary File Transfers 3W 116W bps Keyboard 
Macros. 50 page manual Spl~t screens Wtrldowsl Much more 
NON COPY PROTECTED 549 95 $3 00 sh~pp~ng and hdndl~ng 
Kalt 8 Assoc#ates, Su1te#138. 2440 E Tudclr Rd Anchorage. 
AK 99507 19071 248 0133 Wrlte for more info 

RECONDITIONED TEST EQUIPMENT $1 25 for c.~talog 
Waltl.1 2697 N~ckel Sdn Pdblo CA 948IX) 

PRINTED CIRCUIT BOARDS and k ~ t s  tor QST drt,clr\ Call 
rlt wllte for ~nformatior~ AbA Eng~~reer~rtg, 7970 Orchid Dr~ve. 
Btrena Park. CA 90620 17141 521 4160 

R-390A RECEIVER. 5 30 MHr all modes, .I meclian~cal f~lters, 
rneters sealed (Government removed, operation unaffrcredl 
c.oniplete,checked $195, co~nplete repa~rable 
$115. spare parts unlt 180% cotnpletel $65 CPRC 26 Manpack 
R.~dlo ldescrlbed In March 1985 Ham Ra~fro!. trdnscetver 46 54 
MHz FM, w ~ t h  battery hox, antenna. crystal, hatrdset $22.50 
aplece, $42 50lpa1r Info SASE CPRC 26 add $4lun1t sh~pp~ng. 
R 390A sh~pplng charyes collect Baytronlcs. Oept HR. Box 591. 
Sandusky, OH 44870 Id191 627 0460 evcr8lngs 

CIRCUIT BOARDS Guaranteed lowest quotes and Free twelve 
hour prototypes Slngle ;lnd double aded Imards Small through 
Ihge production quantltles Mail spec~ficat~ons Hobby~sts any 
schenial~c 6" x 9 maxlmum, etched on a 3" x 4" board $1 50 
llarger boards $2 501 Send remittance drld sch~matlc or art 
work or, prlnt your own i:nrcult boards. Ktts of all sues Guaran 
teed lowest prlces Basic k ~ t  $2 75 Mater~~als for two 3" x 4" 
I)oards Itncluded) or SASE for catalog I 0 R C C C Elec 
tronlcs. Box 47148, Ch~cago, Illlnols 60647 (3121 342 9171 

PACKETIASCIIIBAUDOTICW for IBM PC SASE to Emlle 
Alltne 773 Rosa Met.ttrte LA 7W05 

PRINTED CIRCUIT BOARDS TORCCC Elrctronncs will nrlnt - - - . . - - - - - - - - - . . 
ally schemattc, 6"xY' nlaxlmum, on a c,r<u~t board for $1.50 
llarger schemaf~cs add $1 25 per addlt1on.tl50 square ~nchesl 
Send check and schemattc lo  TORCCC Ele<:trontcs, 2161 North 

WANTED NC400 recclvl?r Any cond~tton WZPUA, 112 Illford 
Road. Samerdale. NJ 070R3 16091 783 41 75 

DRAKE! DRAKE! DRAKE! Comrl*etr st.llwr> @ l h  Idle. !moor 
TR7A DR7 trdrlsct: u r r  dnd RIA rece vet \pc.t>1.11 Ilrccessor, 
LP~~IPI  por~er supp r 1.rr~s crosb COIIOI.~~ caIrIes nlanual 
Askmq $1550 Gtratantt~.~r rxcellrrlt conu,r.c.rz o r  , r,rr for repar 
Gary Jbrnarl WAf iTnl .  1012 0 mo Co..rt 'i.~n ,osr CA95129 
14U81 751 2222 

CABLE TV CONVERTERSIDESCRAMBLEAS. Gctar;lnleed 
lowest prlces ~n US Jerrold. Haml~n. Zenlth Marly others 
Lowest dealer prlcest Orders sh~pped withqn 24 hours' Cornplete 
Illustrated catalog. s2.W Pa(.~f~c Cable Co . lnc . 7325 112 
Reseda 8lvd.XlOOS. Re:;eda, CA 91335 18181 716 5914 

WANTED: NEED URGENTLY schernar c or,erdtlorls rnaflual 10, 
honrywel, 6869 VI F Rt*.-r:,v~*r H Webet 2605 W 82nrl PI;II I, 
Cn cngo - 60652 

CHASSIS and cabinet k~ ts  SASE K31WK 

IC-25A FOR SALE: $225 or best offer Good corrd~fbon used 
only as a mobile rad~o Call Cra~g 16031 878 1441 9 5 EST M F 
orllv 

DIGITAL AUTOMATIC DISPLAYS. All trtmscelvers. SIX 112" 
d~gits. 5" wtde by 1 114" by 9" cabinet1 Send $1 00 for anfor- 
rnatlon Be speciflc Grand Systems. POB 2171, Blaine. 
Washtrlgton 98230 

CB to  10M CONVERSIONS. FM k~ts. fre~~uency nrod~f~cat~on 
hardware. books. plans. h ~ g h  pwformance C8 accessores Free 
c:atalog CBCI, Box 31500HR. Phoenlx A2 85046 16021 
996 8700 

CABLE TV CONVERTERS 6 EQUIPMENT: Plans and parts. 
Build or buy FREE lnformat~on C €I D Elect~onlcs. PO Box 1402, 
Dept. HR. Hope, AR 71801 

RIW-19 432 MHz bea~rls by K31PW SASE for tnfornral~on 

HP606B SIGNAL GENERATOR 50 kHz 65 MHz Exrellent 
cond~t~on w ~ t h  rnariual $290 VE3EAA Box 2980 Stn D 
Ottawa Ontarlo KIP 5W9 

FOR SALE: Bearcat 160, 16 channel. 5 I~and  programmable 
scanner with memory backup Needs IC $109 00 (8121 
342 6740. 

TEST EOUIPMENT: Lab calibated signal generators- HP W B  
500 kHz thru 1024 MHz. AMIFM. with optlons 002. 003, and 
323 portable field carrying case $5.500.00. marc on^. TF 1066B16. 
10 MHz thru 470 MHz AMIFM. $550.00. HP 606A 50 kHz thru 

65 MHI $375.00. mllltery I S  510A 10 Mtl! t h n ~  420 MHz 
$295.00. mil~tary URM 25D. 10 kHz thru 50 MHz $245 00. 
URM 268. 4 MHz thru 405 MHz S245.00. HPiBoontorr 202H. 
54 MHr thru 216 MHz AMIFM $275 00, HP 614A. 900 to 2 l W  
MHz $345 00. HP W E  10 MHz Ihru 480 MHz $495 00. HP628A 
15 GHz fhru 21 GHz $650 00. kreauencv cotlnter HP 5245L w ~ t h  

RESISTORS any valet. rluavntlty. 1 4 wan @ S 01 1 2 watt 
@ $ 015 ($1 00 m!n~mllrnl Oodntlty d~scoonl\, 1 . W  . Srllrl 
w~itragc~lsl, valuelsl, qusnt~tyls!, and remottanre T 0 R C I: C 
Electrorlfcs Box 47148 Ch~.,lgo, lllono1s60641 13121 342 9171 

COLLECTION of 40 A~r t~aue Rdd~os and 22 Ham dnd clrutn 
Spl-ak,.rs Many other t11.m~ dnd parts all work~ng Blar D.tlpy 
KA800H €Isle MI  48831 15171 862 5228 

COMING EVENTS 
Activities - "Places to go . . ." 

CALIF0RNIA:FCC exams. Novlcr Extra S~~nr~yvale VEC ARC 
140RI 255 9MX) 24 hour 13. (;ordorl, W6NLG. VEC 

PENNSYLVANIA: The Merr.er County Arn~rtrur Rdd~n Club 
,u,v,tes Amateurs to so~#.~lue and exchany? vlews at 11s "How 
To'' sermnar, March 22, 9 AM to 4 30 PM. Herm~tagr M~(ldle 
Schw>l <,pposttt. Shtv\.#oqrr Vallry Mdll. Rt 18. Hermll.yr 
Ltcr.nsc, t,xams. Nov~ce ~ h r o t ~ g h  Extrd, w ~ l l  br rl!vtsrl Exarn~nues 
and those under 18 years arl!~b~tted free For rnhers ,xlrnbss~on 
0s $2 00 Call tn on 147 1'; 15 For dctalls SASE Ir, MCARC 
Ear 996. Sharon, PA 16146 

MASSACHUSETTS: Thl. MI Tom Amateur Repeater Assoc~ 
auor, IS 1,av)ng 11s annu.tl Flea Market, March 2,  Knlghtr of 
Columbus Elder Courlcll 69 or, Granby Road. Chlcopee Duors 
opt?rl8 AM to 3 PM Fond ava~lable Reserved tables $7 Kl At 
tht. door $8 00 Entrance fee $1.00 Ladles arrd chrldren under 
I 2  free for rescrvatlnn.. MTARA, PO Box 3494. S~~r~ny f~ f ! l d ,  
MA 01101 

MINNESOTA: The Rollblnsdale Amateur Rad~o Club's 5th 
atitrual Mldw~nter Madntass Hobby Electronics Show February 
22, Torlno Grace High St:hool. 1350 Gardens Avenue, NE. Frtd 
l e y  M N  (suburb of Mtrrncapol~sl Adrnlsskon $3 W advarrce. 
$4 00 at the door 8' flea rnarknt tables $8 00 112 tables $4 00 
Dealers. flea market. computers. satellnte TV. packet radlo Talk 
IVI orr 147 60 100 KOLTC repeater and 146 52 s~mplex To regls 
ter send SASE w ~ t h  fees to Robblnsdale ARC. PO Box 22613. 
Rot~h~nstlale MN 55422 or call Bob (6121 533 7354 FCC exan1 
reglstratlon send completed Form 610, potocoples of current 
I1c1:trse dnd code cred~t ~>lus $4 W payable to ARRLIVEC to 
Ncll McM~l l~n,  11132 97th Place, Maple Grovt:. MN 55369 by 
Jarruary 22, 1986 Llrn~led walk Ins 

KENTUCKY: Annual Glasgow Swapfest, Saturday, February 
22. 8 AM tilGlasgow Flea Market Bulld~ng, 2 miles south 01 Glas 
gow off Highway 31E Frve parktng. Free coffee and a fr~endly 
gatlret~ny of hams Adnr~sslon $2 No extra charge for e x h ~ b ~  
tors One free table per exh~b~lor Extra tables $3.00 each Talk 
~n o n  146 34194 For ~r~fnrrndt~on N4HCO. Rt4. Box 354, Glas 
cjow. KY 42141 

MASSACHUSETTS: The Norwood ARC will hold 11s arrr~ual 
Flea Market. Saturday, February 22. Norwood Jun~or Hlgh 
School South. Wash~ngton Street Dealer tables $10 00 Setup 
8 AM (;t!neral adm~ss~on $2 00 Open 9 AM Plenty of free park 
tng and fac~l~t~es for the handicapped For ~nformation or table 
reservallons: Stan Cottrell. WAINCV 16171 762 5184 Talk In on 
146 520 and 146 895. 

ILLINOIS: The Sterl~ng Rock Falls Amateur Radn Soc!ety's 26th 
annudl Hamfest. March 9, Sterllng H~gh School F~eldhouse, 1608 
Fourth Avenue. Sterllny D~stributors, dealers. large flea mar 
ket and demonstrat~on of Packet Rad~o Free parklng and wace 
for self conta~ned RV's Doors open 7:30 AM T~ckets $3 00 
advancf-, $4.00 a t  the door. Commerc~al tables $5 00 Others 
$3 00. For tckets. tables or lnformat~on Sue Peters. KAOGMR . 
PO Box 521 Sterling. IL 61081. 18151 625 9262 Talk In W9MEP 
146 25185 

MASSACHUSETTS: The MIT UHF Repeater Assoc~at~on and 
the MIT Rad~o Soc~ety offer rrlonthly Ham Exams All classes 
Novlce 11, Extra. Wednesday, February 19. 1986. 7 PM. MIT 
Roonl 1 134, 77 Masi  Ave, Cambr~dge. MA. Reserval~ons 
requested 2 days in advance. Contact Ron Hoffniann (6171 
253 58201646-1641 or Cfa~ge Rodgers at 225 6616 Exam fee 
$4.00 Bring copy of current Ilcense, 2 forms of plcture .ID and 
completed form 610 lav;t~lable from FCC In Boston 223 6609 

VIRGINIA: The Vienna W~reless Society will hold 11s 13th annual 
W~ntertest, February 23. 8 AM. Vienna Community Center. 120 
Cherry St , Vienna. Exhlbltsand demonstrations of new and used 
Amateur Radto equlpmertt Tallgating 1r1 the "Frosthttr" park 
Ing lot Refreshments avallablr. For ~nformat~or~ John Arndd. 
N4IXD. Chairman. 255 2076 

Operating Events - "Things to do . . ." 
North Carolina (IS0 Party sponsored by the Alamance ARC, 
K4EG. 14002 February 1 to 05002 February 2 CW and phone 
Work stattons once per bandlmode Mob~les as they change 
county Exchange RSITI and ARRL sectlon Matl logs by 3/1/86 
to Nonh Carolina QSO Party, c/o K4EG. PO Box 3064, Burl~ng- 
ton. NC 27215 

??g CHARGE 
YOUR CLASSIFIED ADS 

m 
to your MC or VISA, write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 



Ham Radio's guide to help you find your loca n 
-- 

California I Flori 
AMATEUR ELECTRONIC SUPPLY 

' TEL-COM, INC. 
675 GREAT ROAD, RTE. 1 19 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 -. , . -. 

' 'lew England 

C & A ROBERTS, INC. 
1851 1 HAWTUnRN Rl \In 
TnRRANl 

I 1898 DREW STREET 
CLEARWATER. FL 33575 ,.. ,, ,-.,.. --.-. 

. -. .. .. .. .3E, CA 90504 81 3-461 -4267 I Clearwater Branch I ne nam srore or n 
21 3-370-7451 1 . , - - - - - - , n - L . - - . - . . - . 

West Coast's only full service I YOU ban nely un .  
24 Hour: 800-421 -2258 
Not The Biaaest. Bllt The Rest - I Amateur Radio Store. ... . ..., -"-. 1 Hours M-F 9-5:30, Sat. 9-3 1 ~ B : - L : - - -  Since 1962;- 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. FONTANA ELECTRONICS 

8628 SIEf 
FONTANA, CA 92335 
71 4-822-771 0 

ENCON PHOTOVOLTAICS 
taic Systems 

2760'0 Schoolcraft Rd. 
Livonia. Michioan 481 50 

-. - - - . - - . . - - - - - 
3RA AVENUE 1 ORLAND. FL 32803 1 Comolete Photovol. 

305-894-3238 
Fla. Wats: 1 (800) 432-9424 - . - . . -. . . . . . . 

71 4-822-7725 I Outside Fla: i (860) 327-1917 
The Largest Electronics Dealer in San 

1 31 3-523-1 850a-~ 
- .. - . Hours M-F 9-5:30, Sat. 9-3 Amateur Radio, Repeaters, Satellite, 

Computer applications 
Call Paul WDBAHO Georgia 

DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
2 13-390-8003 
800-882- 1343 Trades 
Habla Espanol 

ROSSVILLE, GA 30741 
(404) 866-2302 
ICOM, Yaesu, Kenwood, KDK, Bird 
9AM-5:30PM 
We service what we sell. 

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 

Colorado 
COLORADO COMM CENTER 
4262 LOWELL BLVD. 
DENVER, CO 8021 1 
(303) 433-3355 
(800) 227-7373 
Stocking all major lines 
Kenwood ,Yaesu, Encomm 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 641 50 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

Illinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

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. 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. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95. no sales tax. 

Massachusetts 
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. 

James Millen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-475-7831 
Bezels, binding posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

YOU SHOULD BE HERE: TOO! Dealers: c ontact Ham Radio now for complete details. 
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!ma teur Radio Dealer 

I 
I : Buyer-IS Gurue I 
I With Guaranteed I I 

Lowest Prices I 
I 

I *ExplninsallaboutFREElOO 
I channel Satellite T V  and how I 
I to shop for an earth station! I 

I ' *Lists GUARANTEED I : LOWEST PRICES ... we will I 
I not he undersold, save 30-50% 1 
I over lncal dealer prices! I 

I Tells how to easily and quickly 1 
I Install-Your-Own earth station I 
I and save $400 or more! I 

I 
I *Shows how to demonstrate and I 
I sell earth stations from your I : hnme and earn extra money! I 

I unlderr ~nron* I 
I IBALCOA *-- I 
I * 0- - 
I The new S A I  \I \ V  Ru\rr' \  (luidr i% a n ~ ~ s i l ~ f o r  an). 

I 
prorprclivr nr c t ~ r r r r ~ r  rarlh rlrltnn nunrr who r;lnl% lo I 

I wvc hnp monc) on namr hrnvd wtcll#lr productr and I 
al\o cam ~ m r  c y l m  monev. Hur dlrccl. Do.11- 

1 Yourself. and \arc r j lh  SATMAN. Toll lrw ordcrtne. 
1 "o~alr !  lax (I1 only), malur rrcd~l  eard\ncreplcd. hupc 1 

~n-nmk t n v r n ~ n r ~ r s  ara~lahlc.  and f a d  111's \h$ppmnp 
I anyvhcrr ~n ( IS.  Chnk wllh FATMAN hclrwc you 1 

huy...H'e will nor be undrrrold! < b N n n r  for yollr l r re  I 24 page FATMAN Raycr'- (iuldc. I 
I I 
I 1-800-4-SATMAN I 

I 109 6V2-05r12 Ill#n<,l\ I 

. New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
2 12-925-7000 
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 
Gall 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 I 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. OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321 -3594 
Hours M-F 9-5:30. Sal. 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 AIDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featur~ng Kenwood. Yaesu. ~com. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
spec~al~sts. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1400 
Same Locat~on for over 30 Years 

L - - - - - LI~I, . < ~ L I  >.a,< - - - - - J 

February 1986 fl 105 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
71 7-343-21 24 
ICOM. Bird, Cushcraft, Beckman. 
Larsen. Amphenol. Astron. Belden. 
Antenna Specialists. W2AUMI2VS. 
Tokyo Hy-Power Labs. WEU.  Daiwa. 
Sony. Saxton. Vibroplex. Weller. 
THEVHFSHOP 
16 S. MOUNTAIN BLVD., RTE. 309 
MOUNTAINTOP. PA 18707 
71 7-474-9399 
Lunar. Microwave Modules. ARCOS, 
Astron, KLM. Tama. Tonna-F9FT. 
UHF UnitslParabolic. Santec. Tokyo 
Hy-Power. Dentron. Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

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) 558041 1 
M-F 9-5:30 Sat 9-3 

SAVE SAVE 
SAVE SAVE 

1983-84 
ARRL 

AMATEUR RADIO 
CALL DIRECTORY 

WAS $15.75 

NOW $4.95 

SAVE $10.80 - w:,, .,. .m SIW lo C,W, 

\hwnrq aid Mdlrrl a 
Ham Radio's Bookstore 

GUEFNVLLE, NH 03048 

-. 



Uncle Ben says ... 

"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

-- 

"Uncle Ben Snyder, W2SOH 
the head man of 

- - 

Just ask any of the many thousands of " H A M  HEADQUARTERS.  
hams all over the world who have been USA"' ... Slrlce i925! 
enjoying my friendly good service 
for over a half a century. 73, Uncle Ben. W2SOH 

CALL ME ... WRITE ME ... SEE ME ... 
(516) 293-7995 For my prompt. At one of the world's largest 

Ham Supply Gel 

Kenwood TH21AT. I 

HAS THEM ALL! 

Kenwood TM-2570A Kenwood TS-940s 

=-. - - 

Kenwood TS-711A (2171) 
TS-811 A (70 cm) 

Kenwood TR-2600, TR-3600 
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" HAPPENING 
bi 

IN HOME 

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 STVR you will 
receive a FREE LCD CalendarIClock. 

Only $19.95 per year (1 2 monthly issues) 
$1 .OO for sample copy 

-1 
IF YOU HAVE hi2 
A SATELLITE 

I 
SYSTEM, THEN 
YOU REALLY 

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 

Visa " and Mastercard " accepted (subscrip- 
tlon orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV@/OnSatR 
P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 

SUBSCRIPTION CALLS ONLY 
TOLL FREE 1 -800-438-2020 

KPAS 1 WAlT70CMATVTRANSMllTER BOARD 
APPLICATIONS: Co!tlless ~pt,rlat>le TV (. i~,n~.l ,~ I ( ,  t,,, ..,. X ..II,CI I)LIIII#I b l . rv~r t .  

*.ut.rlls, rernolr, VCR, elc Rsmotr. conlrol 01 R C , ~ ~ r ~ l ; ~ n b , %  o r  iol,ols :,hrrw nnrnt. 
VIIIPU tapes c Ompuler ptogramr, repent SSIV In Inc-nl nTVerr L1X d<.(~+.ncI? on 
antennas and lerraln lyp 1 lo 40 miles 

FULL COLOR VIDEO 1 SOUND on one small 3 25x4 board 
RUNS ON EXTERNAL 13.8 VDC a1 300 m;l supply ot 1r;lllely 

TUNED WITH ONE CRYSTAL on 425 75 A 3 4  0 or 4:!<1 25 mHz 

2 AUDIO INPUTS lor a low 7 dynanllc and ltnr Iev,.l audio tnput found 419 mo51 
pana1,le color cameras. VCRs. or home compulcrs 
APPLICATION NOTES 8 sch?mal#c suppllrd for lyllscal ~vrlernal conneclmns 
packaging. and syslem operslton 
PRICE ONLY $159 dellvcred van LIPS surface 8n Ihp LISA Tecnn#c#an rlas.. 
amatcur lhcense or hlllher requared lor purrhasr and ol?er;8lron 

WHAT IS REOUIRED FOR A COMPLETE OPERATING SYSTEM7 A TV selw8Ih a 
TvC 7 DI TvC 4 170 450  mHI  !nnh;tnnel.< dnwni:onvmrt~~r in,'n,.lnlmnn anrlrnn. 
Cnllle 10 receive Packaqe up Ihc KPAS add 1 2  lo I .1 vdr .~ntrnnn and a m  TV 
c;rmern VCR or cornl,utrr wllh n cuml~osl l t~ v4dt.o ntlll,ul hlnl~rlc, r h '  

CALL OR WRITE FOR OUR COMPLETE CATALOG 8 more 8nlo on alv 
downconveners, antennas, camerns. ell:, or  who IS on ~n YOU, area 
TERMS VtSa. Maslercarrl or cash only UPS COD by tele(1hon~ or mall Telephone 
ordl-rs8 postal MO usually sh#ppedwlth#n2 days nllolher chrcksmustclear belor<. 
slllpmenf Trnnsm~lt~nq equcpnntanl sold only to Ihct.ns~rl amafeuls verrlard in 14(14 
Callbook Call1 ~ncludr. sol?? 1 . 1 ~  

(818)  447-4565 m - f  8 a r n B p m  pst. @ 
P.C. ELECTRONICS 2522 Paxson Lane 
Tom WGORG M a r y a n n  WB6YSS Arcadia CA 91006 

11~11 1(..,1 $ . < I  I,, t111.11 1 1  \ .11111 ../1111 1 .7.,ll.<tlll' I , ,  

A ~ I I ~ ~ V I I I  r ~ ~ d ~ u  III~<,I ,II t r ~ r , .  F I *,sh, I ~ n t ~ l v .  p t  ,trI 1 c , i 1  
a n d  d o w n  t o  ~ a r l h  l ~ a d l n ~  f o r  Ill IIP p 1 s 1 0 1 s  a n d  
b ~ g  g u n s  w r l t t e n  b y  w i r r l d ' s  b e s t  I n  t h e ~ r  f ~ e l d s .  

DX news.  D X p ~ d l t l o n l n ~ .  p r o p a g a t i o n .  c o n t e s t  
r u l e s  a n d  r e s u l t s .  e m r r g e r t c y  - t r a f f  IC. FCC n e w s .  
n e w  p r o d u c t s ,  a n t e n n a  a n d  t e c h n t c a l  a r t i c l r s .  
equipment r e v l c w s  a n d  m o d ~ f ~ r a t ~ o n s .  c o m p u t e r  
p r o g r a m s .  YL.. RTTY. VHF. UHF, ATV. SSTV. AMTOR. 
c l a s s ~ f i e d  a d s  a n d  m l t c h  m o r e .  

" Y o u r  p t r b l ~ r a l ~ o n  1s s l rpe l .b !  K r r p  ~t II~!" 

J o e  R e i s e r t .  W l J R  

" Y o u r  W2PV a r t ~ c l r s  a l e  PI- rel less. Ynctr m a g a z l n e  IS 

s u p e r ! "  R u s h  D r a k e .  U7RM 

"LPI  m r  c o n g r a t u l a t r  y o u  on a v ~ r v  ~ m p r e s s i v e  
magazine. J u s t  w h a t  I ' v e  b e e n  l o o k l n b  f o r  a s  a D X e r  
a n d  C o n I ~ s I e r ! "  D i r k  Moen.  N7RO 

"RADIOSPORTING, o n c e  r r c p l  v e d .  c a n n o t  b~ t o s s e d  
a s l d e  u n t l l  l t  1s r e a d  f r o m  c o v e r  t o  c o v e r .  T h e n  
r e v l e w e d  a g a l n  a n d  a g a l n . "  C h a s  Brownlng,PKA -- -- - . - -- - --- - 

S u b s r r l p t l o n  r a t e s :  I y e a r  1ISA S 1 6 .  C a n a d a  S 22. 
O v e l s e a s  I ISS I 5  

M e m b e r s h i p  I n  I n t e r n a t i o n a l  R a d i o  S p o r t  A s s n  S 4 / y r  

I TRY US!  PHONE OR SEND YOUR QSL CARD FOR SAMPLE COPY I 
RADIOSPORTING T e I .  1 4 1 6 )  4 3 8 - 6 3 1 3  
B o x  6 5 ,  D o n  M l l  Is. ON. M3C 2R6. C a n a d a  r, 119 



CASE HISTORY ! 
For*ZAT/3AT/4AT whtandard batt. 

See through keypad w~ndow and instant 
access to all switches front, top, back 
plus unique zippered battery door. Fits 
with or w10 ICOM clip. Looks, feels and 
fits great. Black or burgundy tailored 
vinyl. Call (617) 599-3090. 
Crowley Mfg. Co. 95 Federal St. Lynn MA 01905 

EGE Has Reduced Prices - 
. . ~no&~ell in: what ~ ' r & ~ e l l i n ~ k - ! ? ~ & ~  . - .  . 

L*lsc~Rdn G 
YAESU , ' 

-- 
,"..%, . . . . . .  ~. .. ............. . . .  .. -. .,. . . . . . . . . . .  - . -. --- . . 

.- -- . -. - 

. . . . .  . . .  ........ ...- <mn.. I., 

. . . . . . . .  * r w  I r X V l C f  -,.--.. *,,,. ",, . . . . . . . . . . .  . . . . .  .... . .  "FP.R,.A,W, -2-. :... .";:?:3T;:,,. . "b'"""'r' - .  . . . . . . . .  "A*.. ,.-. . - ............ . . 
.. ,..-- .......*.. . .  .-.- . - ..... . . 

",.,. . ' , X 1  .....I....'. ml . . . . . . . . . . . . . . .  ",.," ..... .--.. ...... .-. . . ,.. ....... ........... . . . . . . . .  .-- . . ..' 1.). , ,.,, ..... ""."a" LtT --a- "" .. .....-'- . . . . . . .  ,.,,,, . -. . -. - . . ~. . . . . . .  
. . -.,--- ...--,... . . .  ,"". . . . .  . . . . . .  . . . .  ..-..- . . . . . . .  . . . . . .". ,"CW..S 

MODEL 
SG lOOF 

MADE IN $429 95 

- . ".""..,, . . 

Covers 100 MHz to 199 999 MHz in 
1 kHz steps wrth thumbwheel dial 
Accuracy + / -  1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ Ih Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM. and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARD LABS H 104 
196-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Mon. lhru Thu. 

. . . . .  . -.  . . . . .  -. 

. L x c i t r n c  HE). r . . i t i ~ n c  .xprl.nc. 1.L. 
t h e  cods H H Y T H ~  b u i l d  'unfor#.tt.bl.- 
. h a p a  I ,  your .~"d'. r*. 

Sounds ADI. tr. t h e  ' h a p  YOU .I-.d.* SEE: 
.o n.v.7 ch."p your .,"d .bO"< Lh..' 

S h a p ~  ARE thr ch.r.ct.r.: rrlt. th..' 

*BEGINNERS no 'mrudy- brcauu: 
Only ElCnT ~ h r p s  1 8 "  you HALF of 

EVERYTHING and n..riy ALL the LE7TERS. 
....EVE............ W" ........... 

EXPERTS: b r r a h  your -l..rnln; pL.L..s,- 
b y  i e t n n ;  .r,.p. tor. ., -.my- .D..d. 

- 
,.".Y"',., . : <. . .  0 . . . . . .  . .,- . .  ..;.- ..:.. ..... . . R p g l  

PRICE: Co.pl.l. net I f l n n w l ,  Wall chmrt. 
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millimeter waves 

Part I: the move to 
higher frequencies 

For most Amateurs, the notion of 
noving to higher frequency bands 
neans operating at or above 144 MHz. 
4 few brave pioneers work in the 
nicrowave region - and have pre- 
:ious few contacts to show for it. We 
:odd be tempted to forget that for 
nore than 40 years, there has been an 
3valanche of effort devoted to the 
jevelopment of microwave hardware 
3nd systems. 

For the purposes of this discussion, 
"microwaves" will mean the region 
3bove 2 GHz - that is, up to about 
30 GHz. This is the domain where 
lumped circuits fail to have physical 
mplementation and where waveguide 
replaces coax in many low-loss or 
high-power applications. While military 
Jses were the principal motivator for 
sarly work, commercial applications 
are now the driving force in the region 
from 2 to 18 GHz. 

Band crowding is already a major 
issue in the microwave region. By the 
mid-1960s, the military had found use 
for nearly everything up to about 20 
GHz. Then came the demands for 
commercial satellite uses, followed by 
the expansion of terrestrial links to take 
advantage of all the information the 
satellites were sending. By the early 

1980s, interference was an issue in 
some frequency bands. The result has 
been a critical examination of the tech- 
nologies needed to make higher fre- 
quencies available for both commercial 
and military applications. 

These higher frequencies are known 
as mm waves - and, for convenience, 
are generally defined as the wave- 
lengths from 10 mm to 1 mm (30 to 300 
GHz). One of the obvious advantages 
of this new domain is the amount of 
spectrum space available: 270 GHz. 

Among the advantages that mm 
systems offer are broad bandwidths 
(good for high speed data links), 
higher spatial resolution, less interfer- 
ence due to narrow antenna beams, 
and, at the high end of the range (near 
300GHz), a favorable alternative to 
optical (infra-red) technologies. 

Much work has already been done 
in this region, but the advent of com- 
puter modeling techniques is advanc- 
ing the rate at which progress can be 
made. A major limitation on the use of 
mm waves has been the lack of appro- 
priate devices, hardware, and test 
equipment. Within the past two years, 
however, there have been significant 
developments in each of these areas. 

The generation and detection of mm 
waves requires the use of components 
and techniques that are unfamiliar to 
most Amateurs. Semiconductor 
devices are the only sources of RF 
power at frequencies above 30 GHz. 
In general, these devices take the form 
of negative resistance oscillators and 

depend on the characteristics of spe- 
cial diodes. The more common of 
these diodes are GUNN diodes, named 
for the discoverer of transferred elec- 
tron devices; IMPATTs Urnpact /on;- 
zation Avalanche Transit Time); and 
TRAPATTs (Trapped Plasma Ava- 
lanche Triggered Transit). 

Each of these devices has charac- 
teristics that make it best for certain 
applications. The tradeoffs are 
between frequency (of operation), 
power output, and noise. IMPATT 
dioides have been fabricated that can 
produce 1 watt at about 70 GHz. 

Transistors will soon be available for 
the mm region. GaAs FETs are already 
being made as small signal amplifiers 
above 30 GHz, and it shouldn't be too 
long before HEMT (High Electron 
Mobility) and MESFET (Metal on 
Oxide) devices are available to 100 GHz 
or so. Power transistors for this region 
are still a few years off - but only a 
few. Other necessary components are 
being developed quite aggressively, as 
is test equipment. Hewiett Packard has 
just announced its first line of mm 
wave spectrum/network analyzers. 
Special materials and design tech- 
niques will be needed to take best 
advantage of the promise held by mm 
waves. Work is underway in each of 
these areas, and the results will not be 
more than four to five years away. 

ham radio 
-- - 

Next month: Part II - Where Do We 
Go From Here? 
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, $21 9 9 5  Sn"ggested 
rnateur Net Price 

The AEA model PC80 is a wired. 
tested, and calibrated version of the 
famous TAPR TNC-2 and comes with a 
one-year conditional AEA warranty. 

You can interFace the PK-80 with 
any ASCII terminal or a personal 
computer and standard terminal 
software. The PK-XO is loaded with all 
the latest AN.25 version 2.0 software 
and advanced packet hardware 
circuitry that makes the TNC-2 the 
newst henchmark for comparision. 

Compare the following as represen- 
tative of the advanced new features 
relative to the competition. 

Hardware HDLC for full duplex 
True Data Carrier Detect (IICD) 
for H F  operation 
Operates with 3 0 .  I20.2400, 
4X(H), and 9600 baud terminals 
Five front-panel status indicators 

1 Multiple connect 
! Connect check (poll final hit) 

fully implemented 
Connect ACI'K) response message 
Only three commands necessary 
for making standard contacts 
HZ software commands pnssihle for 
the most demanding requirements 

I'ricc'. ;~nd Spcc iC i c ;~ t i r t n \  S u l r i c c l  111 ('hc~ngc 
W i f l l o u f  N ~ r l i c c  ur  Ohl~p~lion. 

ADVANCED ELECTRONICS APPLICATIONS. INC. 
P.O. Box C-2160. Lynnwood. WA 98036-0918 
TELEX: 6972496 AEA INTL UW 
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I VISAMASTER CARD S.A.S.E. FOR OUR 
FREE SHIPPING -. "BENCH-TESTED" MON-FRI 9 AM - 6 PM CENTRAL TIME 
ON MOST RIGS FOR CASH1 USED EQUIPMENT LISTING SATURDAY 9 AM - 5 PM I 

f * TECHNICAL FORUMS * ARRL AND FCC FORUMS * GIANT 3-DAY FLEA MARKET 
Starting Noon Friday 
All Day Saturday and Sunday * LICENSE EXAMINATIONS * NEW PRODUCTS AND EXHIBITS + GRAND BANQUET * ALTERNATIVE ACTIVITIES * SPECIAL GROUP MEETINGS 

April 25, 26, 27, 1986 
* YL FORUM Hara Arena and Exhibition Center - Davton, Ohio * 'ORUM Meet your amateur radio friends from all over the world at the internationally * CW PROFICIENCY AWRDS * AMATEUR OF YEAR AWRD famous Dayton HAMVENTION. 
* SPECIALACHIEVEMENTAWRDS Seatinq will be limited for Grand Banquet and Entertainment on Saturday I 
T 

ADMISSION 
$8 in advance. $10 at door. 

(Valid for all 3 days) 

BANQUET 
$14 in advance. $16 at door. 

FLEA MARKET SPACE 
$20 In advance. 

(Valld for all 3 days) 
Checks for advance registration to 

Dayton HAMVENTION 
Box 2205. Dayton. OH 45401 

Reglstratlon processing 
starts Jan. 1. 1986. 

(Admiss~on tlckets must be ordered 
wlth Flea Market spaces.) 

evening so please make reservations early. 
If you have registered within the last 3 years you will receive a brochure in 
January. If not. write Box 44. Dayton. OH 45401. 
Nominations are requested for Radio Amateur o f  the Year and Special Achieve- 
ment Awards. Nomination forms are available from Awards Chairman. Box 44. 
Dayton. OH 45401. 
For motel rates and reservations write to Hamvention Housing. 1980 Kettering 
Tower, Dayton. OH 45423-1980. Housing information phone. (513) 223-2612. 
NO RESERVATIONS WILL BE ACCEPTED BY TELEPHONE. 
All other inquiries write Box44. Dayton. OH 45401 or phone (513) 433-7720. 
ALL Flea Market spaces will be sold in advance ONLY. NO spaces sold at gate. 
Entrance for set-up available starting Wednesday. Special Flea Market telephone 
(513) 223-0923. 
Bring your family and enjoy a great weekend in Dayton. 

Sponsored by the Dayton Amateur Radio Association. Inc. 
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THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

One year warranty. 
*A patch should work with any 

radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 
Your patch should sound just 
like your home phone. 

*There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
the cheap sampling method. 
(Did you know that the competi- 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 
A patch should disconnect 
automatically i f  the number 
dialed is busy. 

*A patch should be flexible. You 
should be able to use it 
simplex. repeater aided simplex, 
or semiduplex. 

A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 

*A patch should not become er- 
ratic when the mobile is noisy. 

-You should be able to use a 
power amplifier on your base to 
extend range. 
You should be able to connect 
a patch to the MIC and EXT. 
speaker jsck of your radio for a 
quick and effortless interface. 

You should be able to connect 
a patch to three points inside 
your radio (VOL high side, P n ,  
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL. and SQ. set- 
tings do not affect the patch. 

A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where c0n~~l tat iOn 
and factory service are immed- 
ately available. (Beware of an 
inferior offshore copy of our 
former PRIVATE PATCH 11.) 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

PRIVATE PATCH Ill 
SIMPLEX SEMI-DUPLEX INTERCONNECT 

The telephone is the most powerful mode of communications. . 
PRIVATE PATCH Ill gives you full use of your home telephone fro1 
your mobile and HT radios! 

VOX . . . the right choice! 
W i t h  only  three s imple  connect ions t o  VOX based phone patches offer many perfc 
your base station radio, P R I V A T E  PATCH mance and operational advantages over tl 
111 will give you more communications sampling method. These include operatic 
power per dollar than you ever imagined through repeaters, compatibility with 

radio, no lost words or syllables, greater rang 
possible. smooth audio free of continual noise burst 
Suddenly the utility of your radio is drastically etc.- 
increased. There are new sounds.. .dial tones, Most amateurs are not aware that the compe 
ring tones,CW IDand the sound of voices you tion's top of the line patch is VOX based. (Yc 
never expected to hear on your mobile or HT know.. .the $1000 model they enthusiastical 
radio! What a convenience! call "our favorite commercial simplex patcl 

on page 3 of their SP brochure.) 

PRIVATE PATCH Ill frees you from member- PRIVATE PATCH Ill offers about the san 
ships, cliques and other hassles common to capability, Pefiormance and features as the 
many repeater autopatches. You can call who top model but is priced closer to their botto 
you want, when you want and for as long as Of the line (SP) model! 
you Want. You can even receive your incoming So why settle for Sp when top of the line cos 
calls! little more? 

To Learn more about PRIVATE PATCH 111 and the advantages of the VOX concept. call or write I 
our four page brochure today! 

PARTIAL LIST OF FEATURES 
OPERATES SIMPLEX, THROUGH REPEATERS, OR DUPLEX ON REPEATERS VOX BASED TO1 

RESTRICT (Digit counting and programmable first digit lockout) SECRET CODE DISABLES TO1 
RESTRICT FOR ONE TOLL CALL-Automatic rearm AUTOMATIC BUSY SIGNAL DISCONNE( 

CONTROL INTERRUPT TIMER (Maintains positive mobile control) CW ID When you connect again 1 

disconnect. Free ID chip. SELECTABLE TONE OR PULSE DIALING MOV LIGHTNING PROTECTORB 
THREE DIGIT ACCESS CODE (e.g. *91) RINGOUT (Reverse patch) Ringout inhibit if channel bu: 

RESmABLE THREE MINUTE TIMER SPARE RELAY POSITION 115VAC SUPPLY 
DEALERS 

Options: AMATEUR ELECTRONIC SUPPLY MADISON ELECTRONICS SUP 

FCC approved coupler Mtlwaukm WI. Wtckl8lle Oll 11,1b191r1n. TX 
CJfl~nrlc> F L ,  Ctenrwa!e! Fl 

12 V D C  or 230 V A C  power La> v q a s  NV MIAMI R A M  CENTER CORP. 
M#,$mt FL 

9ARRV ELECTRONICS CURP. 
ELECTRONICS New lor*  NY 

COLES COMMUNCAWNS 
F l  Luubvdal~ Maam# FL 

San Anlot~m,, 1-  N i G  MSlRlBUTlNG CORP. 

EOE. INC. 
Mlam, FL 

WCdNldF ,  V4 PACE ENOINEERINQ 

ERICRSON CWMVNICATIONS T'JCu'n /V 
Clli, a",, I I  THE HAM STATION 

HAM RADIO WTLEl  tvensrslle IN 

.,7 Anahrtm CA Butllngame CA. TEXAS TOWERS . < ..'.SjgE+g,QB-.E'Qb Oakland CA, Ph<nn,x Ai. Plan0 I X  
snn nl-go c 4  van CA ,,,T RIM YLES 

HENRY MU0 RaW~o,daC MN 
1 0 5  Anw4r.r CA WESTCOM 

INTERNATIONAL RADIO !;a(! M.lrror. CA 
SYSTEMS 

Mm,~r.n FL CANADA 

JUNS ELECTRONICS DOLLARD ELECTRONICS 
1 iuirrlr Lllr <,A 'i tn, r,,~r..l RC 

CONNECT SKYW4VE RADIO SVSTEMS. L 
ll,,lnal," I1 ( 

SYSTEMS (2 1 3) 3736803 
INCORPORATED 23731 Madison St., Torrance, CA 9050 



1 actual size. 

High power to get you ou 
Battery saver 
to keep you there. 

k u  Elecbonio Corporation 
( , . , , ' ) i  \U,!ll~,rll \bd!y I " I I .~!~I~ 3 11 I ' ;, Jl)Z?, 
(:I {) C,jJ,-4(xJi 

Yaesu Cincinnati Service Center 
' 1 ,  I,'! 1 (:,i,I,i [:!I! i !;!,,I. I ILITII, 1,  I (,-!I I <\?I 111 

( [ , I j )  814- {I(U 

Wht.1-e otbirl- HTs don't rii.tl:- ~t Y;it-:~ls Z-rni,trr. 
FT-ZOYKH .?nd 440-MH,i FT-7WR l ~ ~ : p  gc~lln,p 
st!-ong. Hcl-c:s why 

OUI- 2-mrvtcl- mntl~al clllt~rs you 5 w,?its rrut- 
PLII Anrl olur- W-MHz rni-,ii~.l olf~r-r, 41 w.~tts. 

Yet t h r ~ e i  nn extcr,L91vc, t)attc~~y ~ d n n .  
tl~<inL:c, to ,I L I ~ ~ I ~ L I V  \~~,v r~-p~- r~ i ;~~~~mn>,~t~ l?  Phwt!~ 
Savpl- Whrn .ict~v.it~d. II plrrs t hfi I -~g "to SIP--/ I" 
w h ~ l i  mon~tr~l.~nt: ,11111 'w,~l-?c ~t LIP" wht>i-~ th? 
squ~lrh hl-13,il;: Thrls, ye IIJ i . l r l  l~\l(:n f o r  hr ~ i r n  
wtIllr I.ri,prng [ililnty nl FI~~WCI- In r-i?51-rvrm 

Prices and specif~carions subject to change w~thout norlce 



Power-Full.. .70 Watts! 
Sophisticated FM transceivers 
Kenwood sets the pace again! 

'The all-new "25-Series" brings the 
industry's first compact 70-watt 
2-meter FM mobile transceiver. 
There is even an auto dialer which 
stores 15 telephone numbers! There 
are three power versions to choose 
from: The TM-2570A 70-watt model, 
the TM-2550A for 45-watts, and 
the 25-watt TM-2530A. 

First 70~w;1lt I-M motl~le iTM-?570A) 
First ninb~le tr;lnscerver w~ th  Ii'le- 
~ ) t ~ i , r l t ?  nurr~ber memory and auto- 
illnler i ~ ~ p  to 15 telephone numbers) 
Drr~ct  keyboard entry of frequency 
Ai~tornnt~c repealer offset selection 
,~ccordtng to Ihe ARRL 2-meter band 
IJ~;III a Kenwood exclusive! 
fixtended Iruclucncy coverage 
for MARS and CAP (142-149 MH7: 
141-151 M H i  mod~fiable) 
23 ch;lnnel rnerriory for onset, 
frequency and sub. tone 
Hlg niullr-color LCD and back-111 
c:ontrols for excellent v ~ s ~ h ~ l ~ t y  

Fror~l ~ ) a n ~ ? l  prograrnrnahle 38-lone HllLOW Powfbr switch (arflrr!;table 
C l  CSS er 1r:otier includes 97.4 Hz LOW power) 
(o(~ttonall Compact DIN stze 
16-kev DTMF pad, w~th  a~rdthle rnonltor 
Centcr-st01 t tunrng another 
Kenwood exclusive! 
Frt?cjo!:nc:{ l txk swttch Digital Channel Link 
New !)-way nd]ustable rnounttng 
systprn Colnp;~t~ble w~th  Kenwood's DCS 

Unique olfiet rn~crophone connector (Dlg~tnl Code Squelch). the DCL system 

rcl~r,vr:s stress on m~crophone cord ftnables your r ~ c )  lo automatically OSY 
to an opc!n channel. Nnw yo11 (.an aulo- 

Large tip;its~nk wlth bullt-tn coollng I I rnattcnlly sw~li-h over lo a, srrn~lex I tar1 rTM'257OA) channel ;lfter repeater contact1 Here's 

1 he DCL systern searches for an 
open channel, r ~n l em l~e rs  ~l, returns 
to the ortg~ni~l frequency and lransrnrts 
cnnlrol ~nlorrn;tt~on to another DCL- 
eqtl~ppr:d st:~tion that sw~lches both 
radlos to Illr! open cI1;lnnel. M~r:ro- 
processor cnr~trnl assurcls fasl and 

reliable opl?rnt~on T t i r  whole process 
h;~ppens In ;In inslanlt 

0,)tlonnl Accrs.;orlrs . PS-50 I 'I I '.': ' ( I  ; I \  , ' ,  i1.i , , , ,  1;. 
Actual size front panel 

- 7  t 1, , 1 I , j I MC-60A/MC-80/MC-85 ~ l ~ , ,  h 1 1 1 1 1  ,. 

MU-i 1)r.l IIIO~I~.III IJIIII MC-48 ,..:, I 1 1 ;  IVII ' t  , ,VIII~ lJr7~r)',wN :,\VII,.II 
VS-1 vc,tt-i. ~.ynltlt~.;~,~rr MC-42s IlI'l[lV!l I II>I 

PG-2K ~ , x l r ; t  [7C ~;lhlg, • - 5  I I I I w l t t~  111111' : i l l 1  l ~ ~ l l f ? ~  
PG-3A DC Ilrii' nolC,r, llllrr • Sp-40 c ,~~i i l>. t {  I II!I!II~I{, , , ~ ~ s , , i k v !  
MB-10 8-<lr:! r ! i 8 . ? t ~ ~ I f ~ ~  t>1;11 k v l  SP-50 r r ~ r ~ t r ~ l t  L . : ) i , :~ l~ .~  
CD-10 ,111 *?i(ln III.;~!I.Iv SW-200A/SW-200B SWI:~l~8ii~~+~r ~- i~ t . I~ . rs  

KENWOOD 
TRIO-KENWOOD COMMUNICATIONS 

PS-430 DC j~ilwi;r ';i~l,[lly I,ir SW-lOOA/SW-100B , ' IT!~, ; I< I !,V/l4 1 ~ ~ 1 \ 4 ~ ~ ~ t  1 1 l ~ ~ l f ~ t ~ ~  ,,,, :,,, , ,., ; ,  ,, .,,,, , 
:,\ ;'~,~~OAl?5:3OA S W - 1  . III , I : ~ I , , ~ I I I :  ' I I I I I ~ ~  r ,*,I,! ,I, (, ,I I, .. m : 4 1  I, , 8 
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