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A superlative. high-performance. 
all solid-state HF transceiver, 
that covers all Amateur HF 
bands, and incorporates a 150 
kHz to 30 MHz general coverage 
receiver having an excellent 
dynamic range. 
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SSRICWIFSK. 8 0  W o n  AM 
SWR/ Po\ver meter. 
Av.~~l:~t)lr wit11 KI'-930 autorn;ltic 
; I I I ~ ~ I I I ~ ~ I  ttrrirr l)~rilt-~!i. o r  ;in 
option. Covers XO 10 meters. 
I I I ~  lucl~nq UrAI<C b;tnd\ 

,,.t . . 

l(i0-I0 hlrtcrs, with I50 kllz-30 
MI lz gcb~irr:rl (-o\rcr:lgr rtscf~lvrr. 
( ' o \ t t~ . ;  ; t i 1  Arnirtf.~rr irc.q~rc.ncic~s. 
plus MrAI<C. on SSIl. ('\\I. FSK. 
.111rl AM. LIP co r~ \~ r r s ion  diqital 
lJl,l. circ~rit. 
I~xc~r l ier~t  rrceivrr  dvn;~rnic 
r:lnfic-. 'lypic.;~l I\vo-tonr tlvn;trnic 
r;lngt.. 100 dl3 120 mrl r rs .  50-kI I;? 
.;1):11,in. 5 0 0  112 ('W I);~rldwidtti). 
All solid-state 2 8  volt operated 
final amplifier. Imwrst IM distor- 
tion. ~~~~~~~~~r input 250  W o n  

CW full Ixeak-in. CMOS logic IC. 
plus reed rrlay. Switcli;~blr to 
serni break-in. 
1)uill digital VFO's. 10-tlz steps. 
includrs hand information. 
Eight memory ch;~nnr ls .  S to r r s  
irc.quencv and  hand data .  
1ntc.rnal battery memory back- 
up. r s t .  1 yr. life. ll3;lttery not 
Krnwood supplied.) 
1)u;il mode noisc. t)l;rnker. NR-I. 
\ \ r i l l 1  tlirc-shold c.ontrol, for 
"pulst." noiso. Nr3-2 for 
'wooclpcckrr: 

---.- 
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"Digital DX-terity" ... 
General coverage, 
Superior dynamic range, 
2 VFO's, 8 memories, 
Scan, Notch, COMPACT! 
Combines compact styling with 
state-of-the-art circuit design 
and performance. 

T 5 - 4 3 0 s  FEATIJRES: 

lri0-I0 rnctrrs. with 150 kllz-:lo 
MI lz grnc-r;~i rovf*r;lgt. rrc~rivc.r. 
('ovcXrs ; r I I  A ~ n ; ~ l c ~ r r  li-c.cl~lc.nc.ic.s. 
1)lus WAI<(:. UI'-c.o~~\.r.r.;io~r 
clicit;~i 1'1.1, rirruit. 

LJSH. 1,St3. CW, AM. a n d  
I'M (optlon;~lI ;ill mod(*. 
(:omp;rc.l light\\~c.ight tlrsign. 
Onlv 10 5/H (2701 W s :%-:<I4 (I)(il 
1 1  x 1 0 ~ i i H  12751 I) .  inchrs  Ilnrn): 
only 1.1 .:% il)s. I(i.5 kc.) .  
Supcarior receivt-r tlvnannic r:cn<r 
tvitti 1)yn;l-Mix tiiqli srn.;itivit\, 
dirrc.l niixillq syst(.ln. 

SSD IF slope tuning. allows 

-- 
independent adjustment of the SSR monitor circuit. 
lou. irndlor h lg t~  l irqucncv 
slopes of thc iI: p;~ssbantl .  
CW VI3T a n d  pitch control. VlZT 
tun r s  out interkring siqn;lls. C'W 
pitch control slriits IF ~~;tss-l) ;r~iri  
: ~ n d  beat 1'rrquc.nc.v. 'N;~rro\v- 
Widr" filtc-r s\\,itc41. 
Tuneable, peak-type audio 
filtrr ior CW. 

Optional Accessories: 
AT-930 Auto. antenna tuner. 
SP-930 External speaker wlth 
selectable audio filters. 
Y(;-455C-1 (500 llz) o r  
Y(;-455CN-1 (250 1 Izl plug-in 
CW liltrrs for 4 5 5  kFfz IF. 
YK-AH(:-1 (500 llz) ('W plug-in 
filtrr lor 8 . 8 3  Mtlz IT7. 

AC: powrr  sc~pply t)trilt-in. YK-RHA-1 ((i ktl;?) AM plug-in 
Flclorc.sc.cnt tube diqit;rl t l i ~ p l ; ~ ) ~  filter for 8.83 MFfz I I <  
1100 I lz rc.solution. rnc~dili;~l)lr to SO-I cotnrnrrc,i;il g r ; ~ d r  TCXO. 
10 11;.) \\'ill1 dir[itaiizrtl srll)-.;c.:~le. . M(:-42S Up/DOWN hand mic, 
in 20-kt lz strl,';. MC-GOA dr luxr  d r sk  mic. 
HF sprrcli  processor. MC-80 desk top UPJDOWN mir. 
One y r a r  Iimlted warranty. M(1-85 multi-lirnrtion desk mic. 

10- 11z s t rp  du;~l  digital VFO's. 
0prr;itc. in(lrprndc.nlly, inclr~dt. 
tx~ncl ;inct motle inli)rni;ttion. 
I>i ; t l  t o rq t~e  ; idjl~sti~blr .  Stcp 
sn9itcIi for 10-llz o r  100-Hz steps.  
A-H s\vitcll shifts "N" VFO to 
-A" VI70 ireqrrrnry and mode, o r  
virr  vrrs;!. VFO LOCK s\vitcl~. 
t<lT li)r VF'O o r  memory. UP1 
I)OWN manrr;~l scan with 
optional IJI'!I)OWN rnic.ropIionr. 
Eight mcmori's s tor r  freqtrencv. 
modr.  ;~nt l  l);~nd data.  8 th  
rltcnlon s tor rs  RXITX ire- 
qurncitas indrprndrntly.  
I.ittriuni battery memory t x ~ c k - r ~ p  
(Est. 5 vr. 1ilr.l 

Me~iiorv Scan.  
I'rogr;~riim;rl~lc ncrton~:~tic hand 
sc.;ln \vidth. 

IF shirt circuit for minimr~rn OHM. 
T I I I I ~ ~ : I I ) I ~  11ot1.11 filtcbr. 1111iI t . i r i .  
Narrow-\vide filtrr sctlc.ction o n  
SSR and  (:W llilter option;~ll. 
Spc*cac.h prn(.rssor. I)rrilt-i~~. 
All solid statr .  Irip~rt ratctl 250  \V 
1'1:11 on SSIl. 2 0 0  W I)(' on ('W. 
120 W o n  FM (option;~ll. ($0 W o n  
AM. Optar;~tczs o n  12 VI)(' o r  o n  
120 VA('. o r  2201240 \!A(' wit11 
option;~l I'S-430 A(: powrr 
supply. 
Fluorrsrrnt  tube difiit;~l tlispl;~y 
indic;rtrs irrqurricy to 100 llz 
I10 Hz modifi;~l,lrl. 

. All-modr squc~lc~h circuit. buil t~in.  
Iluilt-in noisr  blankrr. 
KF i l t t rn~~ ; l t o r  I20 dB). 
VOX circuit. plus s c n ~ i  brc.;rk-in 
with sidr-tone.  

Optional accessories: 
I'S-.l:<O. I'S-:<O or  Ki'S-21 
A(: powcbr sul)plirs. . SP-430 rxtrrnal  speaker. . MB-430 mobilc mounting 
b r a r k ~ t .  
AT-250 automatic antenna 
tunrr. 160-10 m, incl. WAHC. . AT-130 compact antenna tuner. 
80-10 m. incl. WARC. 
FM-430 FM unit. 
YK-88C I500 Hz) o r  YK-RUCN 
(270 Hz) CW filt?rs. 
YK-88SN (1.8 k l i ~ l  SSl3 filter. 
YK-88A (6 kHz) AM filter. 
MC-42s UP/DOWN hand mlc. 
MC-55 (UP) mobile mic. 
MC-GOA drluxe desk mic. 
MC-A0 desk top UI'/I>OWN mic. 
MC-85 multi-hrnction d r sk  mlc. 
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I enjoy operating because it's relaxing (sometimes), informative 
("Roger, you're 5 and 9 - NEXT!"), and a good way to meet inter- 
esting people (that's true). It gives me an opportunity to try out new 
antenna designs, test my understanding of propagation, and, in gen- 
eral, stay more or less informed about what's happening. However, 
in the process I've noticed a trend wol-rh examining - particularly 
by those who are part of it, I call it: 

INSTANT PUDDING 
Recently I've found myself reduced to mumbling into my beard about such-and-such practice by this- 
or-that individual. It appears that technically, at least, Amateur Radio has come of age, with instant power-on, 
QSY, tune-up, and antenna matching. We have the latest fully-synthesized, all-mode transceivers, full break- 
in amplifiers, and motor driven crank-up towers. With even half an effort we can work DXCC in a couple 
of weeks (or even on a weekend, during a contest). But in the process, something's been left behind. 
Call it courtesy, experience, operating skill, or just plain consideration for our fellow hams. Let me give 
you a few examples of what I'm talking about. 
WD22XYZ calls CQ, is answered by a DX station, completes the contact, and stands by for any other 
DX calls on his frequency. Without a moment's hesitation, KD11 PQC jumps in with kilowatts a-glowing 
and calls the DX station. When I was a novitiate to the hobby I learned fast that this is simply not done; 
unless WD22XYZ relinquishes the frequency, it's still his. 

Another pet peeve of mine, heard more times than I care to recall, occurs when a DX station calls a 
directional CQ: "CQ, CQ, CQ, listening for Wl 's  only!" The ensuing cacophony of calls includes all areas, 
states, and cities (with only slight exaggeration on my part). Of course, the DX station can control the 
situation if he continues to request the particular call area and refuses to give in by answering that loud 
W12 - maybe. 
Signal quality report ing is another troublesome area. God help the operator who informs another that 
his signal leaves a little bit to be desired; for example, 20 kHz wide on glorious SSB. I made the mistake 
of telling another ham the other day that he was transmitting on two different frequencies simultaneously. 
His immediate reaction was, "That's impossible! It's probably your receiver that's overloading." I hastened 
to add that both of his signals were quite "clean"; it's just that he had two VFO's going at the same time. 
In all fairness to him, it turned out to have been the other operator in the QSO who was at fault. Fellas 
- I think most criticism is meant to be constructive. (Anyhow, whatever happened to pride in one's 
signallstation?) 

How many times have you heard, "Roger, roger, roger, you're 5-9 plus. But will you please repeat your 
call and name and my report?" Please note that Q5 means "perfect copy" and S9, by IARU convention, 
is 50 microvolts RMS (in a 50 ohm system). By the way, it might be very useful to everyone if you knew 
what your Brand X receiver S9 was equivalent to. It might make the signal reports a little more meaningful 
when testing antennas or evaluating the performance of one's station over another's. 
Full-power tune-up into the antenna seems to be occurring more and more often these days, usually 
when you're trying to pull that weak one out. If you must tune up on frequency (I won't mention dummy 
loads), listen first, wait,.listen again to make sure that it's a clear frequency and then give a short request 
to see whether the frequency is in use. If it isn't, go ahead. Propagation being what it is, it's quite possible 
to believe that a frequency's clear when it's really quite occupied. If you have to apply full power to your 
antenna, load up when the band is truly dead: high noon on 160 meters, 4 A.M. on 10 meters. (I know 
- 160 and 10 meter operators will insist the bands are never dead.) 
Communicast ing is the term I use to identify operation by an individual who wants others to think he's 
communicating, even though he's really only broadcasting his highly opinionated, usually insulting, narrow- 
minded point of view. This practice has reared its ugly head more and more often on the lower bands 
recently - all in the name of exercising the right to free speech. With all due respect to rights, isn't use 
of the frequency spectrum - a precious, limited resource - a privilege? (If you have something to say, 
and you want other Amateurs to hear it, write a letter to ham radio. If space permits, we'll print it.) 

To paraphrase a recent television ad describing the reasons for a stock brokerage's success, courteous 
operation is just "good old-fashioned work." In our case, if we were to stop expecting instant pudding 
- i.e., immediate gratification - and instead were more willing to hang in there, learn by example, develop 
expertise and the kind of operating skills that can only be acquired over a period of time, I, for one, would 
be a lot happier. 

Rich Rosen, KZRR 
editor-in-chief 

6 February 1984 
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RTTYIACSlllAMToR'CW 
INTERFACE 
CARTRIDGE 

FOR 
VIC-20 / C-64 

r\lE 
M M  nmtlk m/ MFJ-1228 

ASCII/AMTOR/CW I* 
wnrlw available fu 63 95 VIC-20 and Commodore 

64. Glves you more features, more performance, 
more value for your money than any other interface 
cartridge available. 

Same intorhea artrldgo mks for both VIC-20 and 
Commodore 64. Plugs into user's port. 

Choou trom rrlde nMty of RTTY/ASCII/CW, 
even AMTOR software. You are not married to one 
on-board software package. Use MFJ, Kanhonlcs,' 
AEA plus most other sofhvam cartridge, tape or disk. 

Hz and Hz On rbeOIVe md 
H s  mark and space output, for scope tunlng. 
Nomul/Rtwne d t c h  ellmlnates retuning. 
True dual channel mart m d  I~KI Ktln flbn and 

automatic threshold correction gives good copy when 
one tone is obliterated by ORM or selective fadlng. 

Easy, poaltlve tuning with twin LED lndlcators. 
Narrow IKXl Hz active CW filter. Automatic PTT. 
Exnr 2206 sine generator for AFSK output. 
Shieldod XCVR AFSWfTT lntartrcr mMa prwld- 

ed. Plus or minus CW keyed output. FSK out. 
Powend by computer (few mA.).no power adapter 

to buy or extra wire to dangleor plck up/radiate RFI. 
GlaurpoqPCB.Aluminumen~losure.4~/ut4~/utl". 

MFJ INTERFACE plus MFJ 
SOFTWARE CARTRlDG E 

for Vlc-20 or call- 64. 
M F J - l m  PLUS M F h 1 m  $ 99 95 MFJ-12S1 'Or Om la Save SM.OO b 

SOFTWARE CARTRIDGE FOR 
VIC-20 I C-64 ~ ~ ~ - 1 2 5 0 / ~ ~ ~ - 1 2 5 1  

'' 

GENERAL PURPOSE RTTY /ASCII / 
AMTORICW COMPUTER INTERFACE 
Lets you send and receive computerized RTTVI ASCII IAMTORICW. Copies 
all shifts and all speeds. Copies on both mark and space. Sharp 8 pole active 
filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-80C, Atari, TI-99, Commodore 64 or most other personal computers. 
Uses MFJ, Kantronics software and most other RTTVICW software. 
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MFJ Software PIUS MFJ Interface for VIC-201C-64 M F J-1224 

~ o ~ ~ ~ ~ ~ ! ~ ~ ~ ~ ;  E*,IOzwMFCISD 
lncludm cable to In terha MFJ-1224 to V I W  W m. 
New MFJ-1224 RTTY/ASCII/AMTOR/CW Com Autamrtlc tmHng copies drlftlng signal. 

prter Interface lets you use your personal computer Exar ZM6 slne pnmtw glws phase continuous 
as a computerized full featured RTTY/ASCII/ AFSK tones. Standard 2125 Hz mark and 2295/2975 
AMTOR/CW station for sending and receiving. Plugs Hz space. Microphone Ilne. AFSK out, AFSK ground, 
between rig and VIC-20, Apple. TRS-80C, Atarl, PTT out and PTT ground. 
TI-99, Commodore 64 and most others. FSK kqing output. Plus and minus CW keying. 

Use MFJ (IM MFJ-12~1251 b o l a )  software for CW transmit LED. External CW key Jack. 
VIC-20, Commodore 64 and Kantronlcs for Apple, Kantronle~ wmpatlble rodnt. 
TRS-BOC, Atari, TI-99 and most other software for Exclu8lvs grneni purpose rodat allom IntsrfaC- 
RTTY/ASCII/AMTOR/CW. Ing to nearly any personal computer wlth most appro 

E8w, poaltlw tuning wlth twln LED Indicators. prlate sottware. Available TTL Ilnes: RTTY demod 
Copy m y  shlft(l70.425,850 Hzand all other shifts) out. CWdemod out. CW-ID Input. +5 VDC, ground. 

and any speed (5100 WPM RTTY/CW and up to 300 All signal lines are buffered and can be Inverted 
using an Internal DIP swltch. 

b~"op?~Ck)both nmd~ and I ,  not mark only or Urn Gam softwan wlth A*. RAK wlth VIC-20, 
space only, to improvecopy under advenecondltlons. Clay Abrams w~th TRS-WC, N4EU Mth TRS-&O 111, 

Sharp 8 pole 170 Hz shWCW wttn fIlt@f glws IV. Some computers wlth some software may requlre 
good copy unda crowded, fadlng and weak signal some external components. 
condltlons. Automatlc noise llmlter suppress statlc Mat81 oblnrt. Brushed alum. tront. QtlHX8 In. 
crashes (or better copy. 

Nornul/Rwrrm trrltrh ellmlnatm retuning. +m) 12-15 M F C l m ,  VDC or llOVAC $29.96, RS-232 wlth adapter, 8fbpbr MFJ-1312.19.95. hr MFJ-1224. 
VDC loop output drlves R ~ C Y  machlne. Speaker Jack. 
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THE "NO-CODE" LICENSE PROPOSAL WAS SOUI\IDLY DEFEATED, with not one commissioner voting 
for it at the December 14 FCC meeting. Presenting the item was Private Radio Bureau Chief 
Bob Foosaner, who pointed out that while a principal argument for No-Code was the supposed 
lack of growth in Amateur Radio, the service had grown from 300,000 licensees in 1975 to 
over 400,000. Furthermore, he continued, the nearly 5,000 comments filed ran 20:l against 
do-Code, with even the handicapped it was supposed to benefit opposing it. 

Commissioner Mimi Dawson, Studying For An Amateur License Herself, then asked what 
alternative entry to the radio spectrum might be available for "com~uter hobbvist" radio - -  
communications since Amateur oppbsition t o - ~ ~ - ~ o d e  did not make Amateur ~adio~attractive 
to that group. Foosaner responded, "The hobby class (license) may be something that re,; 
places the CB type of thing . . .  we'll find a spectrum available for this tvoe of service. - - 

  om missioner-Comments ~Gring The ~iscussibn Were All Complimentary todkmateur Radio, 
with Chairman Fowler in particular citing the service's many contributions. However. some 
observers feel the failure of No-Code ana the resulting lack of growth in Amateur VHF or 
UHF band usage will greatly increase outside pressure on those bands. Not only is there 
the possibility of a non-Amateur "hobby class" competitor for spectrum, but various user 
groups are actively promoting 216-225 MHz as a land mobile band, plus use of 420-430 MHz. 

W5LFLtS STS-9 2-METER OPERATION WAS AN UNQUALIFIED SUCCESS, from every point of view. 
He operated enough orbits to give the U.S. and the rest of the world at least several - - -  
chances to hear and-hope full^-"work" him. His "CQ North America" was easily copyable. 
a thousand miles from Columbia's groundtrack, depending on spacecraft orientation. 

Media Coverage Of The Event Was Outstandin , emphasizing the idea that now "the guy 
next door" could actually talk to an astronaue in space. Owen's chat with King Hussein, 
JY1, was highlighted, of course, but many average Amateurs across the countrv found them- 
selves hosting TV news crews and chatting with talk show hosts or newspaper ;eporters. 

Though Owen's Operating Method Disappointed Many who'd hoped to hear their calls come 
back from space, it made real PR sense. His acknowledging a few calls, then describing - - - 
what he saw and what was going on in Columbia was far more interest in^ to non-Amateur list- 
eners and media than long lists of calls. He also reported it almost impossible to copy 
many calls because of his single-earpiece headset. Though it appears most of those Owen 
was acknowledging were well-equipped VHF buffs with big signals, Owen's first review of 
his logging tape after Columbia's return did turn up some mobiles! Discipline was gen- 
erally fair to good in most areas. though with some confusion and harassment. 

st;ong, positive Effects On ~mateur iadio are already being felt. Reinforcing the 
excellent exposure Amateur Radio got during the Grenada invasion, interest in becoming an 
Amateur seems to be at an all-time high. Inquiries about Amateur training courses are way 
up, and school-age Amateurs report many classmates asking about their hobby. NASA was also 
verv pleased. with future operation bv other licensed astronauts almost certain! - 

~ b b u t  300 Callsigns ~ e r e ~ ~ u l l e d  of: The Logging Tape in Owen's initial runthrough. He 
feels quite a few more can come from a more painstaking review. Of the 300, about 75% were 
U.S. . with no Japanese. Russians or ~fricans-noted. ~Decial OSLs for those'who made it on 
the tape will be'available shortly. Send QSLs and ~ ~ ~ ' r e ~ o r t s '  to ARRL, with an SASE. 

Congratulations to NASA, The ARRL, W5LFL, K6DUE, and many other contributors toward mak- 
ing Owen's space operation possible. A suecia1 salute to Vic Clark. W4KFC. who oassed awav 
one week too-soon ;o see a hream on which'he'd worked so hard finally realized. 'A most am6i- 
tious project, meticulously executed, for the benefit of all-but particularly Amateur Radio. 

PCB-FILLED DUMMY LOADS DO POSE A THREAT TO AMATEURS, though perhaps not as severe as 
once feared. A just-completed study by the Centers for Disease Control in Atlanta found 
less than 2% of the loads tested contained PCB coolant, though a few others did show traces 
of the dangerous compound. However, tests of the Amateurs who'd been exposed to the PCB- 
cooled loads showed no abnormal levels in their blood. 

Since Any Exposure To PCBs Is Considered Dangerous, Amateurs who have dummy loads, capaci- 
tors, or transformers made before PCB's dangers became known should contact the nearest office 
of the EPA for advice on safe disposal. 

THE VOLUNTEER EXAM IS MOVING AHEAD, with appointment of the first regional Volu~teer Exam 
Coordinator likely very soon. Leading the race with a very well thought out proposal is 
the Anchorage Radio Club, which is anxious to take on the responsibility for the entire 
state of Alaska. There are also groups or organizations in almost every other part of the 
country who've indicated strong interest in taking on the VEC job in their areas. In the 
meantime, the ARRL is still talking about becoming the national VEC. 

WARC FREQUENCY ALLOCATIONS WERE ADOPTED BY THE FCC in December, with several items of 
concern for Amateurs. 1.9-2.0 MHz was allocated to Amateur Radio on a "restricted secondary" 
basis, with radiolocation primary. AM broadcast will eventually be moving into 1605-1705 
kHz, with displaced radiolocation users then going to 160's top end. 220-225 MHz retains 
Aqateur, plus fixed and mobile pending the results of an FCC NTIA working group study. The 
902-928 MHz band seems to have a variety of potential users, but the FCC did turn down ip- 
dustry pleas that it also include a secondary land-mobile allocation. 

8 February 1984 
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comments 

photovoltaics 

Dear HR: 
WD8AH01s article, "Photovoltaic 

Cells: a Progress Report" (December, 
1983, page521, brought to mind painful 
recollections of the early 1960s when I 
bought 300 0.4 x 0.8 silicon cells 
surplus for fifty bucks. I say "painful" 
because I soldered the little buggers in 
a series-parallel arrangement. I thought 
I would go blind and alsolearned that the 
little pieces of silicon would fracture 
easily. When most of the300werefinally 
soldered, I had the pleasureof getting all 
of 2 + watts output on a sunny day. 
Still, it was great fun after the drudge 
work of putting it together was done and 
itdid makea nice battery charger. After 
several years of operation, the unit 
busted up on my move from San Fran- 
cisco to Oakland. Too bad - there are 
more sunshine/hours in Oakland. 

The 'breeder concept" photo in the 
article (fig. 1) made me whistle. There 
must be at least 3000 square feet of 
panels. Thatwould meanabouta million 
of my 0.4 x 0.8 chips (ouch), and at 
1960's prices, a cost (even at surplus) of 
over$150,000, allforabout6kW output! 

Since I've been out of touch with that 
scene for over twelve years, it's appar- 
ent there has been a great deal of 
progress. 

Your article really rekindled my 
interest. 

Nubar Tashjian, KGKVX 
Oakland, California 

Dear HR: 
I don't understand WD8AHO'sclaim 

that solar cellsat$4.00 perwatt will pay 
back in less than one year. (See "Photo- 
voltaic Cells: A Progress Report," De- 
cember, 1983, page 52. ) 

Energy from our local electric com- 
1W pany costs x $0.052 = $0.52 x 

10 - 4  each hour at the 1 watt rate. So, 
for the $4.00 cost of a 1-watt solar cell, 
I could buy 76,923 hours of electric 
energy at the 1 -watt rate. Averaging six 
hours per day, as one might use a solar 
cell, I could buy that power from the 
local electric company for 12,820.5 days 
or about 35.1 years. 

The added expense for storage bat- 
teries (and inverters?) makes the break- 
even timeeven longer. I don't knowthe 
life expectancy of solar cells, but I would 
be surprised to break even within the 
span of human lifetime. 

Mart in Sample 
Tuolumme, California 

As Mr. Sample suggests, the ques- 
tion of when photovoltaics willbecome 
cost competitive with localpo wer com- 
paniesis, to some, a goodreason not to 
get involved in photovoltaics. 

Photovoltaics is not for everyone, and 
certainly not for anyone who measures 
payback solely in economic terms. But 
a modest photovoltaics system can 
meet the needs of the Amateur who 
wants an economical, uninterrupted 
supply of power for his or her ham 
shack, for remote operations, and in 
emergencies or natural disasters. 

Every day we read of billion-dollar 
cost overruns, unexpected dela ys, and 
unacceptable workmanship in the de- 
velopment of newpowerplants. These 
problems suggest that in the years to 
come, electricity is likely to cost more, 
not less. It's reasonable to expect that 
by the time photovoltaicpowerreaches 
the 100megawattleveland the cost has 
dropped to below $4per watt, thepay- 
back periodof PV's - partly because of 
power compan y rate increases - willbe 
reduced to less than one year and be 
competitive with utility rates. 

With a life expectancy of 30 years or 
more, photovoltaics today offera readily 

available source of dependable power at 
a reasonable price. 

Paul J. DeNapoli, WDBAHO 
Livonia, Michigan 

As far as Amateurs today are concerned, perhaps the 
following letter says it best. . . 

Dear HR: 
I fail tosee how solar energy can have 

a payback of lessthan threeand one-half 
years. A t  $10 per peak watt, and four 
hoursperday peaksun time, I calculate 
only 1460watt hours peryear. At7cents 
per kwh, thisequates toa paybackof 10 
cents per year - which would take 100 
years! 

WD8AHO is clearly talking about 
energy payback only (the energy re- 
quired to build a cell), not the cost of 
manufacture. I am truly excited about 
the prospects of solar energy and final- 
ly put cells on my sailboat to keep the 
batteries trickle-charged. You can't beat 
PVs when you can'tgetpower any other 
way, but let's be honest about the cost 
to the consumer. 

R.F. Bruninga, WB4APT 
Bowie, Maryland 

auto-dialer chip 
The MD-22 chip necessary for con- 

struction of K2MWU's "State-of-the- 
Art Auto-Dialer" (December, 1983, 
page 21 ) will again be available in mid- 
to late February. 

Readers who have had difficulty in 
obtaining this part should contact CES, 
Inc., P.O. Box2930, Winter Park, Flor- 
ida 32790. (305) 645-0474. 

short circuit 
RTTY and the AtariTM 

In the article, "RTTY and the 
AtariTM Computer," on page 38 in 
the July, 1983, issue of ham radio, 
the lower left pinout of the XR2211 
chip should be labeled 12. It was 
omitted from fig. 3 though discussed 
in the text on the following page 
under the subhead "terminal unit 
construction adjustments." 
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We are pleased to announce three new AMTOR products. Our new software package that will allow you too; 
AMTOR with your CP-1 is called AMTORTEXT". Acomplete hardwareterminal unit and AMTORTEXTsoftware 
in cartridge for the Commodore 64 computer the MICROAMTOR PATCH". We also have new applicz 

packages for the AMT-1 and Comn I or VIC-20 computers. 
'OR TEI 

software 

- - - A  -- 
AMTORTEXT" is a LOW COST software package that wlll allow the CP-I and Commodort , . 
computer to be used as a multi-mode AMTOR TERMINAL. Compare the outstanding FEATURES 
and PRICE of the AT-64 (AMTORTEXT for Commodore 64) to the competition: 

KEYBOARD OVERLAY instructions (eliminates constant referral to manual) STATUS , 
INDICATORS on screen Easy to follow MENU ARO. MODE A- MASTER OR SLAVE FEC 
MODE B MODE L (LISTEN TO MODE A) *SPLIT SCREEN with 2000 CHARACTER T'I 
AHEAD transmit buffer* WORD MODE forerror correcting with DEL KEY until spaceor CR iss 

REMOTE ECHO shows characters transmitted as they arevalidated by other station easy el 
of your SELCALL for automatic response to ARQ calls BREAK-IN MODE to interrupt senc 
station LTRS/FIGS REVERSE for assistance in MODE L sychronizing TEN MESSAbt 
BUFFERS OF 256 CHARACTERS EACH AMTOR timing synced to host computer internal CRYSTAL OSClLL 

PROGRAMMABLE TRANSMIT DELAY can be saved to tape .AUTOMATIC PTT* POWERED BY HOST COMPUTER inc 
IMTERFACE CABLE for AEA model CP-1 COMPUTER PATCH". 
The AMTOR software TIMING ROUTINES have been written by Pet& Martinez. G3PLX (father of AMTOR) which means you I 

aving NO SYNCHRONIZING problems u 
PROPER SYNCHRONIZATION is an AE 

NEW - MICROAMTOR PATCH" 
MICROAh I on rr\l r;n- IS a NEW LUW-GUST, HIGH-PERFOR~ANG~ AM I un 
SOFTWARE/HARDWARE computer interface package. The MICROAMTOR PATCH 
(model MAP-64) INCORPORATES AMTORTEXT software (described above) for the 
Commodore 64 computer. All circuitry and software is incorporated on a single, plug-in 
cartridge module featuring the following: *TRUE DUAL CHANNEL MARK AND S - '  -- 
MULTI-STAGE 4 POLE. CHEBYSHEV ACTIVE FILTERS AUTOMATIC THRES 
CORRECTION for good copy when one tone is obliterated by ORM or SELEl 
FADING EASY, POSITIVE TUNING with TRIPLE LED INDICATOR NOT a low 
easily "pullable" phaselocked loop detector!!! SWITCH SELECTED 170 Hz or 

AUTOMA' demodulator circuit1 
supply to or maximi 3LATION EXAR 2: 
AFSK out RFACE CP VlDED FSK keyec 

The Mictonmtvr rmcn Isstrutiiureu 101 easy upyraullly 10 III~AEACP-1 Cur~~vu~ar  Patch'" advanced interlat iau~~~t WIIIIUUI liar 

buy a different software package! Simply unplug the external 
the MicroAmtor Patch and plug it into the Computer Patch. 

$149.95 List $1 29* MAP64 The Model MAP-64/2 i~,,,, ,,, ,,ds the C-64 MBATEXT 
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The AMT-I L1lc yEFINITIVE AMTOR TERMINAL UNIT which all futu,, ",, 
will be measured against. All you need forfull AMTORoperation isadumb ASCII terminal 
(or personal computer and emulation software) and a normal HF transceiver and antenna. 
With the AMT-1 you will receive the following features: *SENSITIVE FM DEMODULATOR 

FOUR POLE ACTIVE RECEIVE FILTER TOTAL CONTROL FROM KEYBOARD or by 
COMPUTER PROGRAM CONTROL 16 LED PANADAPTOR TYPE TUNING 
INDICATOR CRYSTAL CONTROLLED AFSK MODULATOR RECEIVE/TRANSMIT 
standard RTTY TRANSMIT MORSE CW MORSE RECEIVE field installable option 

AUTOMATIC PTT 13 front panel LED STATUS INDICATORS all METAL 
ENCLOSURE for maximum RFI immunity operates from your 800 ma 12 VDC power 

$589.95 List 
Applications sottware tor C-64 or VlC-PC 
AEA also offers an applications software package for the Commodore VIC- I- - - -- - - -- - 
20 (model AMT-l/VIC20-1) or 64 computer that is resident on a plug-in PROM 1 PLEASE SEND AEA CA' 

CARTRIDGE and includes the INTERFACE CABLE to go between the I 
computer and the AMT-1. KEYBOARD OVERLAY instructions are also ,I- 
included for easy operation without the instruction manual. The COMM-64 
program (model AMT-l/C64-1) offers SPLIT SCREEN OPERATION with ten I 
MESSAGE BUFFERS. It also offers UNATTENDED OPERATION with I- 
automatic MESSAGE RECORDING and AUTOMATIC STATION , A INDENTIFICATION. 

A -9.95 List $69.!-- 
' 

---?.A i+ 

Stand, 
assette 

town w~th 0 1  
I M M - 6 4  w11 
:order (Not 

ot~onel AM7 
'h CRT Mo, 
~ncluded) 

' - 1  Console 
nitor and c, 

source. 

- .. 

ity 

:E THRO U G H  Zip ----------- 'SUGGE", L, ,,dATEUR 
PARTICIPATING DEALERS 0 

Adva j Ele pplic qs, I r  
.3. BOX C-2160 6 L T ~vIvJVOOD,  WA 98036 (206) 775-7373 Telex: 152571 AEI 

ctror i ic A 
4 INTL 

More Details? CHECK-OFF Page 108 f l  103 February 1984 rn 11 



frequency synthesis 
by VXO harmonic selection 

Quieter than a PLL, 
it generates all frequencies 

between 5 and 6 MHz 

This article describes a modif icat ion of an old 
method of frequency synthesis.' Its chief advantage 
over the earlier scheme is that it can synthesize all 
possible frequencies over the output range, rather 
than being limited to a set of discrete frequencies. Its 
stability, determined by the stability of a single VXO, 
is comparable to that of other synthesizers. 

block diagram 
The basis for the system is a variable crystal 

oscillator - a VXO consisting of a 100-kHz frequen- 
cy standard crystal which is continuously "pulled" 
from 100 to 100.2 kHz (see fig. 1). The VXO output 
frequency is divided by ten and fed to a pulse 
generator. Here a short pulse is formed with a PRF 
continuously variable over the range 10 to 10.02 kHz, 
directly controlled by the VXO. A bandpass filter 
passes the 500th through 600th harmonics of the 
pulse, producing a "comb" with about 10 kHz spac- 
ing which moves continuously upward about 10 kHz 
as the VXO frequency is increased. If the 500th har- 
monic is selected, its frequency will move con- 
tinuously from 5000 to 5010 kHz. Then if the 501st 
harmonic is selected, its frequency will move con- 
tinously from 5010 to 5020.02 kHz and so on. In this 
way we may obtain all possible frequencies in the 
range from 5 to 6 MHz. 

In order to select one harmonic and reject all 
others, it is necessary to employ a filter having a 
bandwidth considerably less than 10 kHz. Considera- 

1 tion of spurious frequency problems leads to the use 
of a SSB crystal filter in the 9 MHz region. I selected 
an 8.83 MHz filter because I intend to use a 9 MHz 
beating oscillator to heterodyne the synthesizer into 
the ham bands, and I do not wish to invite trouble. 
The VFO and first mixer form a superhet with an 8.83 
MHz IF sharp enough to pass just one "tooth" of the 
"comb." The IF beating against the same VFO in the 
second mixer restores the selected "tooth" to its 
original frequency, exactly. Drift in the VFO has no 
effect on the output frequency. As the VFO is tuned 
continuously in one direction, succeeding "teeth" 
are selected, interspersed with regions of zero out- 
put. The VFO is calibrated in terms of output fre- 
quency so that the appropriate "tooth" is selected. 
The output frequency is then adjusted to the desired 
value by adjusting the VXO frequency. If this adjust- 
ment causes the IF to reject the "tooth," slight retun- 
ing of the VFO will bring it back into the filter pass- 
band. The selection indicator is a meter which indi- 
cates whether or not a "tooth" is passing through 
the filter. It reads either zero or about 213 scale, cor- 
responding to the absence or presence of an output 
signal, respectively. 

theory of operation 
Assume a VXO is continuously "pulled" from fo to 

a higher frequency, f,. We may multiply the frequen- 
cy by any integer, M, and divide the frequency by 
any integer, N .  The output frequency will vary from 

M JL = x f o  (1) 

By Frank Noble, W3MT, 10004 Belhaven Road, 
Bethesda, Maryland 20817 
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For continuous coverage, the pulling range of fig. M = fL x 10-4 (9) 
2(A) must be equal to the separation between adja- Now the desired value of fL is so that 

f 0 cent harmonics of x, fig. 2(B), or 
M = 500 (10) 

so that f o  M = -  
f1 -.fo 

14) 

Substituting eq.4 in eq.1: 

Comparing fig. 2(C) with fig. 2(A), note that 

Ifi - fo) is larger than 
N 

so M in eq. 4 is the minimum value which will provide 
continuous coverage. Larger values will produce pro- 
gressively increasing overlap. 

practical considerations 
If a standard SSB crystal filter is used, the har- 

monic spacing must be of the order of 10 kHz to 
allow adequate rejection of neighboring harmonics. 
Hence 

and N =fo x 10-4 (8) 

Substituting eq. 8 in eq. 5: 

AT-Cut crystals will not achieve values of M as 
small as 500, using capacitance tuning. This amount 
of pull may be obtained with inductive tuning, but 
extreme care must be taken, especially with the cod, 
to retain stability. The frequency, fo, must exceed 10 
MHz so that reasonable values of inductance may be 
used. This leads to the requirement of large frequen- 
cy division, N, an additional complication. An in- 
cidental advantage is that the tuning linearity is bet- 
ter than for capacitance loading. 

If we use the 100 kHz 5 degree X Cut commonly 
employed for frequency standards, a value of M = 
500 may be obtained with capacitance tuning. The 
temperature stability will be poorer than for AT 
crystals, but a crystal oven will solve this problem. 

In any case, the percentage drift of the output fre- 
quency will be identical to the percentage drift of the 
crystal. 

circuit description 
Fig. 3 shows a detailed circuit diagram for one 

form of the synthesizer. 
The first stage, the VXO, uses an LF353N for U I A  

in a power design2 and substitutes a large variable 
capacitor having "midline" plates to improve the tun- 
ing linearity. (SLF or even more radical plate shapes 
would be preferable if available.) A fast-rising square 
wave is formed by U1 B, suitable for driving the divide 
by ten IC, U2. The very fast rising square wave out- 
put of U2 is differentiated by a short time-constant 
RC circuit. The negative-going pulse is clipped by the 

S E L E C T I O N  
IND ICATOR 

4 
O U T  

1 1 1 

fig. 1. One possible arrangement for the synthesizer. See text for a discussion of the relationships between the various 
frequencies. 
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diode, so that the input to 01  is a short positive pulse 
with a PRF continuously variable from 10 to 10.02 
kHz. The source of 01  is biased at + 6 volts so that 
only the narrow part of the pulse near its peak is 
amplified. The tuned circuit in the output of 01  is 
resistively loaded to pass 5-6 MHz, selecting the 
desired "comb." 02 raises the comb level. Its output 
is also broadbanded by resistive loading. A link on 
the 02 output coil drives one input of diode ring mix- 
er No. 1 through an attenuator which provides a 50- 
ohm source for all frequencies. The second input to 
the mixer is supplied by the VFO buffer, 09, having a 
source impedance of about 50 ohms at the VFO fre- 
quency. (This is not ideal. It would have been better 
to increase the output of 09  and use an attenuator to 
provide 50 ohms at all frequencies.) 

The output of the first mixer is terminated in 50 
ohms for all frequencies. This is the most critical ter- 
mination. It drives FL-1 through a series resistor, 
forcing a termination of less than 600 ohms, which is 
roughly what the filter requires. The output termina- 
tion'is about 400 ohms. (We observe that passband 
flatness, vital to SSB, is not important in this applica- 
tion; consequently, termination requirements have 
been eased.) Since the filter is very sharp, the output 
circuit of IF amplifier U3 has high Q and large L/C 
to achieve high gain. 03 is an RC amplifier for driving 
FL-2 with a source impedance of somewhat less than 
680 ohms. This filter is also terminated in somewhat 
less than 680 ohms. It drives emitter-follower 04. 

fig. 2. Diagram for determining the relationships between 
frequencies, multipliers, and divisors. 

Left, VXO direct drive dial calibrated in kHz. Center, selec- 
tion indicator meter. Right, VFO reduction drive dial calibrated 
in 100 kHz steps. 

The output impedance of Q4 approximates 50 ohms 
at all frequencies to match one input of the second 
mixer. A separate VFO buffer, 08, drives the other 
input. The critical output of the second mixer sees 50 
ohms at all frequencies. U4 is an amplifier, broad- 
banded by the 50 ohm half-wave filter at its output. 
The input to amplifier U5 is fairly clean. The signal is 
made larger by U5 and further laundered by the 
bandpass filter at its output. 05  is an emitter follower 
to reduce the output impedance to about 50 ohms at 
the "HI" output. An L network followed by a quar- 
ter-wave filter reduces the output voltage and im- 
pedance and further improves the waveform at the 
"LO" output. 06  is another emitter follower used to 
prevent distortion generated by the diode rectifier 
from reaching the RF outputs. The rectified and fil- 
tered output of 06  is used to drive the selection in- 
dicator, a miniature 1 milliampere meter. The VFO, 
Q7, is a Hartley oscillator using a good coil and 
source degeneration to obtain good stability and 
waveform. It must not drift over + 1 kHz per hour - 
otherwise it could drift the desired "tooth" out of the 
filter slot. The VFO tuning capacitor has semi-circular 
plates for good tuning linearity. It is driven by a re- 
duction dial to make the tuning less critical. 

mechanical details 
Except for the portion between the U4 link and the 

outputs, the circuit is contained in a metal enclosure 
(standard chassis No. 1) measuring 3 1/4" H x 
7 1 /2"W x 5 7/8"D, (9 cm x 19 cm x 15 cm) Radio 
Shack No. 270-229 (see photo 2). A second standard 
chassis (No. 2) contains the portion after the U4 link, 
a 12-volt regulated power supply (1 50 mA), and a con- 
verter employing a 12.5 MHz crystal oscillator to beat 
the synthesizer output up into the 40-meter band. No 
attempt was made to miniaturize chassis No. 2 be- 
cause it rests on a shelf under the operating table, out 
of the way. The coils in chassis No. 2 are surplus 
518-inch slug-tuned bakelite units mounted in shield 
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fig. 3. Detailed circuit diagram for one form of the synthesizer. Details of the design and suggestions for improvement are contained in the text. 
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KA4CFF KBgTM WD4CCZ WDSDYR 
KASDXY W4YPL WSGAI 

444D SSBIFM 
Base-Station Microphone 

.Shure's most widely used base- 
stat~on microphone is a ham 
favorite because it really helps 
you get through.. .with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOXINORMAL switch 
and continuous-on 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you're after 
more (253, you 
should check 
it out. 

526T Series II 
SUPER PUNCH" 

Truly a microphone 
and a half 1 Var~able out- 

put that lets you adjust the 
level to match the system 
The perfect match for 
v~rtually any transcelver 
made, regardless of 
Impedance. Turns 
mob~le-NBFM unlt Into 
an Indoor basestatlonl 

FREE! Amateur operat~on, too. These 
Radio Micro- and many other 

features make the 
526T Serles I1 a 

I Left, front-to-back, VXO through comb amplifier. Right, front- 
to-back, VFO and VFO buffers. Center, balance of circuitry 
through U4 output; front-to-back, Mixer No. 1, FL-1. U3, Q3, 
FL-2, Q4, Mixer No. 2, U4. 

cans. The coils in chassis No. 1 are 318-inch slug-tuned 
ceramic unshielded forms made by Miller. A shielded 
cable containing power supply leads and the DC for 
the selection indicator interconnects the two chassis. 
The RF interconnection is made by means of coax 
cable. 

Chassis No. 1 is divided into three main shielded 
compartments by means of two aluminum shields 
running front-to-back. The left compartment con- 
tains U1 through 02. The right compartment is sub- 
divided into three shielded sections and contains Q7, 
08, and Q9, front-to-back. The remainder of the cir- 
cuit through U4 is contained in the center section. 
Most of the circuitsare supported on perfboard placed 
parallel to the front panel. Push-in terminals are 
used where required. Care is taken to be sure that the 
mixer grounds are of low inductance and resistance 
- otherwise balance will be degraded. Similarly, the 
connections to the crystal filter grounds and case 
should be very solid, and the input and output cir- 
cuits well separated and shielded; otherwise, un- 
wanted signals may bypass the filters. The VXO tun- 
ing shaft is directly driven by a knob calibrated in 
kHz. The VFO shaft is driven by a 6: 1 reduction drive 
dial calibrated in 100 kHz steps. Coax cable running 
below the bottom plate carries the RF interconnec- 
tions between the shielded compartments. For me- 
chanical reasons, the ends of the coax are exposed. 
To correct this, a shield resembling an inverted 
chassis is placed below the bottom plate and secured 
with metal spacers. This shield also raises the knobs 
above the table, increasing the ease of tuning. 

comments 
The writer's experience with low frequency VXO 

circuits is limited to one crystal of ancient manufac- 
ture. Before proceeding further, a prospective 
builder should experiment to be sure his 100 kHz 
crystal will pull 200 Hz. (Note that the exact fre- 

Shure Brothers Inc.. 222 Hartrey Ave.. Evanston. IL 60204 
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I RADIOOPERATORS I 
The Central Intelligence Agency has 
excellent career opportunities for indi- 
viduals with experience in HF radio, , 
Morse intercept, satellite communica- 
tions. or radio-teletype operations. I f  
you are looking for the challenge of a 
CIA career.  . . you could join a very 
select group of dedicated men and 
women who use their professional skills 
in unique and rewarding assignments 
throughout the world. 

Personal Qualifications: 

U.S. citizen (self and spouse); high school 
graduate or GED: availability for extensive 
overseas service. Must meet security and 
medical standards. Civil Service status not 
required. 

Starting salaries $15,398-$18,215 
depending on qualifications, plus 
substantial overseas benefits. 

Attention Military Personnel : 
Apply now i f  you are scheduled for 
separation within the next six months. 

1 Applicants should have experience as Join us at the 
communicators, telecommunications 24TH ANNUAL 
specialists, radiomen, Morse intercept TROPICAL IIAMROREE 

1 operators, or be radio amateurs with Flagler Dog Track 
general license or higher. Morse code Miami. Florida 
ability at 12 gpm is preferred; other February 4-February 5 
applicants will be tested for 

1 Morse aptitude. Minimum II '  y o u  cannot attend, senti your 
touch typing speed of resume to: 

30 wpm is required. Personnel Representative 
Ikpt .  S. Rm. AN20 ( PA) 
P.O. Box 1925 
Washington. I1.C'. ?(XI13 

Central Intelligence Agency 
An Equal Opportunity Employer 
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Nearly SO cornmancls 
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MODEL P K 1  
(shown wnlh 1 4 K  RAM 

RS?3? serlnl ~nterlace-35 lo  9600 Iinua' 
us r s  bolh ASCII and Baudot and 8K ROM) 
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blares recervea messaqes until reauested a! a later tlme 
Operates In conneclea anc  qeneral modes 
Acl~vates IeletyDe motor to p r ~ n l  mPssaqeS 
Bonrd accepls up to 1JK 01 RAM 
Model PYI can be custom~zed tor Cammsrc~al Systems 

Protocol can be changed by swapping ROM chips. Board de, 
signed to accept 6264"s for up to 56K of RAM wl th minor 
modif icat~on. 

Dimensions: 4 . 5  x 9.5 inches; 1" vertical clearance. 
Power requirement: + 12 VDC. approx. 200 ma. 
Standard equipment Includes 4K of RAM (expandable to 14K). 
Model PK1, wtred & tested- $149.95 
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quencies do not matter; the difference between the 
maximum and minimum frequencies must be at least 
200 Hz.) If this much pull cannot be obtained, the cir- 
cuit will have to be re-designed using the equations 
contained above. 

It should be clear that this is a first model which is 
certainly not of optimum design. Its defense is that 
it presents no surprises. The second crystal filter, used 
to reduce noise generated in the IF amplifier and to 
increase the out-of-band attenuation, may not be 
needed. The filters associated with U5 and 05  could 
be simplified and improved. The crystal could be 
placed in an oven for better stability. Finally, the VFO 
reduction drive should have a higher ratio, (prefer- 
ably 100:1, to ease the tuning); if not, some form of 
electrical bandspreading could be used. 
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elliptic Iowpass 
audio filter design 
Use standard 

88 and 134 mH inductors 
for deep attenuation 

filter response 

The elliptic lowpass filter is frequently used by the 
Radio Amateur for speech filtering because of its sharp 
selectivity, and many articles have been published on 
this particular application.'-6 Unfortunately, the audio 
filter design procedures currently used by the Amateur 
are derived from engineering texts, and therefore are 
more suited to commercial practices. For example, the 
commercial filter designer develops his design based 
on a particular cutoff frequency and impedance level, 
and then orders the inductors from an inductor 
manufacturer. Capacitors are obtained from electronic 
distributors, measured, and then paralleled as required 
to get the design values within the specified tolerance. 
In Amateur applications, in which requirements are 
less stringent, variations in cutoff frequency and im- 
pedance level can be exchanged for more convenient 
component values. The Amateur also places greater 
importance on being able to use an inexpensive source 
of standard-value inductors than does the commer- 
cial designer. This is because the Amateur usually 
builds only one or two filters and therefore cannot take 
advantage of the large-volume discount prices 
available to the commercial designer. 

In the discussion that follows, a simple design pro- 
cedure for passive LC audio elliptic lowpass filters that 
use inexpensive 88 and 134-mH inductors is presented. 

common filter types 
The two most frequently used filter types in 

Amateur Radio practice are the Chebyshev and the 
elliptic. Both can be designed for any level of pass- 
band ripple; the elliptic is more versatile because it also 
can be designed for any level of stopband attenuation.' 

Also, the attenuation rise of the elliptic can be made 
much more abrupt than the Chebyshev. 

In RF harmonic filtering, attenuation greater than 
40 dB one octave from the cutoff frequency is usually 
adequate; a 7th-degree Chebyshev design is most 
suitable because its response provides more than 42 
dB attentuation at twice the cutoff frequency and it 
has a simple ladder configuration (four shunt ca- 
pacitors alternating with three series inductors). 
However, for speech filtering applications, it is impor- 
tant that the filter attenuation rise as quickly as possi- 
ble to 40 dB or more. Consequently, the 7th-degree 
elliptic design is preferred over the Chebyshev. Greater 
than 40 dB of attenuation occurs at a frequency only 

I 1.2 times the cutoff frequency of an elliptic filter com- 
1 pared to two times the cutoff frequency of a 

Chebyshev design. 
Fig. 1 shows the schematic diagram and the typical 

attenuation response of a 7th-degree elliptic filter. A 
family of elliptic designs is available that shows 45 to 
65 dB of stopband attenuation and uses the same 
value of inductance for L4  and L6. This means that 
only two different inductance values are needed (L2, 
and L4, L61. One value can be the fixed 88 or 22-mH 
value of the standard surplus inductor, and the other 
can be obtained from a modified 134 or 33.5-mH 
inductor. 

inductor types 
The two inductor types suitable for the elliptic filter 

construction are shown in fig. 2. Both types (one pot- 
ted) have molybdenum-permalloy cores and the op- 
timum frequency range is from 300 Hz to 20 kHz. Both 
types have two windings that can be connected either 
in parallel or series aiding. Fig. 3 shows the inductors 
with instructions for connecting the windings in series 
or parallel. 

The unpotted inductor has an inductance of 134 or 
33.5 mH in the series or parallel connection, respec- 
tively. The potted inductor has values of 88 or 22 mH 
in the series or parallel connection. The potted induc- 

By Ed Wetherhold, WSNQN, Honeywell, P.O. 
Box 391, Annapolis, Maryland 21404 
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fig. 1. Elliptic 7th-degree lowpass filter. (A)  Schematic 
diagram including component designations. (81 Anenua- 
tion response. 

tor is designed for mounting on a flat surface by in- 
serting a %-inch diameter stud through a hole and 
then by placing a Tinnerman mounting clip over the 
stud to secure the inductor. The center inductor in fig. 
2 is shown with a Tinnerman mounting clip. 

Since turns cannot be removed from the potted in- 
ductor to vary the inductance, it must be used as is 
in applications requiring a 22 or 88-mH value. Because 
turns can be removed from the unpotted inductor, 
many different elliptic designs are possible, and eight 
different designs have been selected and calculated 
for stopband attenuation (A,) levels ranging from 45.6 
to 64.5 dB. The total turns needed to be removed from 
the unpotted inductor for these eight designs varies 
from eight to one hundred turns. Procedures and 
equations for calculating the total turns to remove for 
any inductance value that may be needed are given 
in appendix A. 

7th-degree elliptic lowpass filter 
The maximum amplitude of the passband ripple 

(Ap) (see fig. 1B) is less than 0.11 dB for these 
designs. The cutoff frequency is designated fAp and 
is defined as that frequency at which the attenuation 
first exceeds the Ap level. The normalized value of fAp 

is unity, and all other frequencies are referenced to 
it. The start of the stopband is denoted by fAs and oc- 

curs where the minimum stopband attenuation (A,) 
is first achieved. The band of frequencies between the 
end of the passband and the start of the stopband is 

called the transition band. It is desirable to minimize 
the transition band for best filter selectivity. An indica- 
tion of the degree of selectivity is the fAs/fA,, ratio 

- the smaller the ratio, the more selective the filter. 
Since the normalized value of fAp is unity, the nor- 
malized value of fA, indicates filter selectivity. The fAs 

values in the eight designs vary from 1.2 to 1.37. Note: 
selectivity and higher stopband attenuation are 
tradeoffs. 

In audio filtering applications, a passband ripple of 
less than 0.2 dB (as found in the eight designs), is suf- 
ficiently low and won't be discussed further. 

L2-C2, L4-C4, and L6-C6 resonant circuits produce 
attenuation peaks in the response at f2, f4, andf6 (see 
fig. 1). If these attenuation peaks are correctly 
placed, the minimum stopband attenuation will theore- 
tically never drop below the A, value. 

simplified design procedure 

  able 1 lists all filter parameters: inductances, re- 
flection coefficients, A,,, f~,, and A,. The reflection 
coefficient, used by filter designers to categorize a 
specific design, is directly related to A,,. The relation- 
ship between R (filter termination impedance) and 
fApis given in columns R and F of table 1. R can be 
calculated if f  is known, or vice versa. The L2 and L4, 
L6 columns list two inductance values which corre- 
spond to the series or parallel connections of the in- 
ductor windings. 

Table 2 lists the normalized component values and 
frequencies of the same eight designs in table 1. This 
data is used to calculate the actual component values 
and frequencies of the filter after the termination 
resistance and cutoff frequency are selected. 

The designs in tables 1 and 2 are'keyed to each 
other either by the design number or by the L2/L4 

fig. 2. The two inductor typea used in constructing the filter. 
Each has two windings which can be connected in series or 
parallel. The large unpotted inductor (L2) has a maximum in- 
ductance of 134 or 33.5 mH and the potted inductors (L4 and 
L6) have 88 or 22 mH for the series or parallel connections, 
respectively. All inductors are shown with their leads in the 
parallel connection. One of the potted inductors is shown 
with a Tinnerman mounting clip. 
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r 3 3  5 m H  W I N D I N G  1 

33 5mH WINDING 

LEADS ARE SHOWN IN SAME 
ORDER AS THEY LEAVE THE 

SERIES-AIDING FOR 134 OR 8 8  mH. OONNECT 8 TO C TO GlVE DESIRED 
INDUCTANCE BETWEEN A AND D 

P4RALLEL- AIDING FOR 3 3  5 OR 22mH: CaYNECT A TO C AND B TO D lU GlVE DESLRED 
INDUCTAWE BETWEEN A AND 8 

fig. 3. These diagrams show the lead designations of the 
unpotted 134 mH and potted inductors with instructions 
for connecting the two windings in series or parallel: (A) 
unpotted 134 mH; (B) potted 88 mH. 

ratio. These ratios range from 1.25 to 1.50, and cor- 
respond to L2 values from 110 to 132 mH (in the series- 
aiding connection) or from 27.5 to 33.0 mH (in the 
parallel-aiding connection). The purpose of each table 
will be explained before demonstrating the design 
procedure. 

Before selecting a design from table 1, the cutoff 
frequency and the approximate impedance level must 
first be selected. Because the cutoff frequency is 
usually more critical, its value is fixed, and R is 
calculated using the equations under column R or by 
using the graph in fig. 4. The "A" designs are best 
suited for cutoff frequencies below 2 kHz, while the 
"B" designs are best for cutoff frequencies above 2 
kHz. 

In most cases, an exact match between design and 
circuit impedance is not possible. However, resistive 
matching pads (see appendix C) can be used if the 
difference between the circuit and filter impedances 
is less than about 30 percent. For greater impedance 
differences, matching transformers must be used. The 
disadvantage of not being able to select a specific and 
independent filter termination impedance is a conse- 
quence of using fixed inductor values, worthwhile be- 
cause standard-value surplus inductors can be used. 
The filter performance parameters are next reviewed 
to see if they are fully satisfactory. If, for example, a 
minimum stopband attenuation exceeding 55 dB is re- 
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quired, then only designs 1 through 3 should be con- 
sidered. After a design is selected from table 1, and 
normalized values of the same numbered design in 
table 2 are scaled to the impedance level and cutoff 
frequency. 

design example 
To design a speech filter that has a 3 kHz cutoff fre- 

quency and a source and load impedance of 500 ohms, 
a typical procedure would consist of the following 
steps: 

la) Follow the 500-ohm line across the graph in fig. 
4 until it intersects with the slanted lines in the vicini- 
ty of 3 kHz; design 8B provides the closest match. If 
a lower or higher cutoff frequency is required, the filter 
impedance level must be changed to correspond to 
the new cutoff frequency. If the new filter impedance 
is within 30 percent of 500 ohms, resistive padding can 
be used to match the filter to the 500-ohm system. 
For greater impedance differences, suitable matching 
transformers must be used to prevent excessive signal 
amplitude loss (see note 1). 

(b)  Refer to table 1 to check the performance 
parameters of design 88. If f A ,  and A, are satisfac- 

tory, then design 8B can be used. For design 88, L4 
= L 6  = 22 nzH, L2 = 33 niH, L2/L4 = 1.500, and 
R.C. = 8.06percent. 

(c) Find the exact f A ,  cutoff frequency for R = 500 

'A" DESIGNS "0""DESIGNS 

84 46l IA 89 48 18 

"A"-DESIGNS USE THE INDUCTOR SERIES-AIDING 
CONNECTION "BIDESIGNS USE THE INDUCTOR 
PIWALLEL-AIDING CONNECTION SEE TABLE I 
FOR THE L,  R AND F VALUES OORRESPONOlNG 
TO A AND B DESIGNS 

DESIGNS 2 . 3 . 5 . 6  AND 7 A H  NOT PLOTTED. 
BUT THEY MAY BE CLOSELY APPROXIMATED BY 
INTERPOLATION FROM THE PLOTTED DATA 
DESIGNS 2 AND 3 LIE B E W E E N  DESIGNS I 4ND 
4 ,  DESIGNS 5 .6  AND 7 LIE BETWEEN DESIWS 

f 
200 3 0 0  5 0 0  IK h 3; 71; BK 

CUTOFF FREOUENCI(Hz)  

fig. 4. Lowpass filter cutoff frequency versus termina- 
tion impedance for some of the filter designs in table l .  
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ohms from the equation in column f of table 1 :  
f = 6.0137(500) = 3007 Hz. Use 3007 Hz as the cutoff 
frequency and R = 500 ohms in the following calcula- 
tions. (By a fortunate coincidence, in this particular 
case both the f and R values are virtually identical with 
the desired values. This will not always be the case, 
and it is up to the ingenuity of the filter designer to 
find an optimum combination of parameters that best 
satisfies the design requirements. This is one of the 
things that makes filter designing a challenge.) 

(el Calculate the L and C component values by mul- 
tiplying the normalized component values of design 
8, table 2, by the C, and L, scaling factors. Frequen- 
cies are obtained by multiplying the normalized fre- 
quencies of design 8, table 2, by the cutoff frequen- 
cy, 3007 Hz. The component and frequency values ob- 
tained are: 

(dl Calculate the capacitance and inductance scaling C4 = 0.1291f (0.6651 . I 0  6, = 0.0859 pF 
C5 = 0.1819f (0.6651.10-6) = 0.1210 pF 

factors, C, and L, where R and f are in ohms and C6 - 0.09836f (0.6651.10 6 ,  = 0.0654 uF 
Hertz: C7 = 0.08079f (0.6651.10 6) = 0.0537 UF 

L2 = 0.19845H (166.3.10-3) = 33.0 mH 
L4.6 = 0.1323H (166.3.10 3) = 22.0 rnH 

fA, = 1.000 (3007 Hz) = 3007 Hz 

table 1. Lowpass filters: inductor values and L2/L4 ratios with related parameters for selected 7th-degree elliptic designs 
where 1.4 - 1 6 .  [For filter construction using two potted 88-mH inductors and one modified 134-mH inductor.] 

Notes. 
1 The unpotted Inductor (L2) has two 33.5 mH wtndings that can be connected in series or parallel aiding to give 134 or 33.5 mH, respectively. 

The potted tnductors IL4 and L6) have two 22 mH windings which can be connected in series or parallel aiding to glve 88 or 22 mH. Fig. 3 shows 
the series and parallel aiding connections. 

2. See fig. 1A for the schemat~c diagram and f ig.  1B for the Wpical attenuation response of the above filter designs. See table 2 for the normalized 
component values and frequencies. 

3. To obtain the L2 inductance values, remove an equal number of turns from both wlndings of the unpotted inductor In accordance with the follow- 
Ing equations (as showri in appendix A!: 

(a! for all "A" designs. T, 532 45.957$1,, where T, is the number of turns removed from each wlnding (total turns removed = 2.T,, and 

I , ,  the desired L2 inductance in the series-aiding connectlon. 
(b! for all "B" designs, I;, 2 9 1 . 9 1 4 ~ i ~ w h e r e  TI, is the number of turns removed from each winding (total turns removed -= 2.T,,), and 

I ,  the deslred L2 inductance in the parallel-aiding connectlon. 
For example, for / or 11, 1-72 o r  .l3 rnt l ,  remove four turns from each winding arld connect the windings In the serles or parallel-a~ding connec~ 

tion, respect~vely. 
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fA, = 1.201 (3007 Hz) = 361 1 Hz 

f i  = 2.233 (3007 Hz) = 6715 Hz 

f, = 1.218 (3007 Hz) = 3663 Hz 
fG = 1.395 (3007 Hz) = 4195 Hz 
with R = 500 ohms and A, = 45.6 dB 

As a check on the correctness of the values of I 

(C2,L2), (C4, L4) and (C6,L6), the resonant frequen- L 

cies of these parallel tllned circuits can be calculated 
and should agree to within about 0.1 percent with the 
values of f2, f4, and fn calculated from the scaling 
procedure. 

(A) 
filter construction 

Figs. 5A and 5B are photographs of the completed 
jilter design 86. The inductors and capacitors are 
mounted on opposite sides of a 2 x 5-inch terminal 
board. The unpotted inductor is fastened to the ter- 
minal board with 3M ScotchTM tape, and the two 
potted inductors are mounted with their 114-inch 
mounting studs and Tinnerman clips. 

The tolerances of the shunt capacitors (Cl, 3,5, and 
7) are not critical, and values within 5 percent of the 
design values are satisfactory. Two capacitors can be 
paralleled when necessary to obtain the required value. 
The calculated values of the resonating capacitors (C2, 
4, and 6) should be used only as a guide. This is be- 
cause the actual resonant frequencies of the three 
tuned circuits are of primary importance, while the ex- 
act values of capacitance are of secondary importance. 
The 88-mH value of the potted inductors is only no- 
minal, and it can vary as low as 86 mH. It seldom is 
greater than 88 mH. The winding capacities of the pot- 
ted inductors in the 88- and 22-mH connections are 
about 68 and 176 pF, respectively. The winding capa- 

fig. 5. The photographs of the completed filter show how the 
inductors and capacitors are mounted on opposite sides of 
a standard terminal board. The filter assembly can then be 
mounted in a standard 5 x 4 x 3-inch aluminum mini-box. 
In (A),  the unpotted inductor (L2) is on the left followed by 
L4 and L6. In (El, capacitor C1 is on the left. The common 
ground return wiring is at the top of the terminal board. 

cities of the unpotted inductor in the 134- and 33.5mH 
connections are about 68 and 148 pF, respectively. The 
simplest procedure for tuning the three resonant cir- 
cuits of the elliptic filter is to assemble all the filter com- 

table 2. Lowpass filter: normalized component values and frequencies of selected 7th-degree elliptic designs where 
1.4 = L6. (Values are normalized for an f~ cutoff frequency of 1 Hz and 1-ohm terminations.) 

P 

Notes: 
1. Fig. 1A shows the interconnections of the capacitors and inductors. Fig. 1B shows the cutoff frequency and attenuation p~aks  corresponding 

to the 1 ,~ and 1'2. 14. and ,I6 values. 
2. The normalized data for the filter design numbers in this table also apply to similarly numbered designs in table 1 
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ponents except for the resonating capacitors, C2, C4 
and C6. Connect the partially assembled filter between 
a signal source and a resistive load, both having the 
design impedance of the filter. Set the signal source 
to the frequency of the first resonant circuit to be tun- 
ed, and monitor the filter output voltage across the 
load resistor with an AC VTVM. Resonate the induc- 
tor of the first resonant circuit with a calibrated 
capacitor decade. Resonance will be indicated by a 
minimum reading on the AC VTVM. Read the 
capacitance required for resonance from the capacitor 
decade, and then place this value of capacity across 
the inductor using as many paralleled capacitors as re- 
quired. Repeat the same procedure for the other two 
resonant circuits. Using this procedure, it is possible 
to tune the resonant circuits to within 0.25 percent of 
the design frequency values. 

For optimum stopband performance, the ground 
leads of C1,3, 5, and 7 must be independent of each 
other to minimize any common ground impedance. 

testing the filter 
Fig. 6 shows the measured filter attenuation com- 

pared with the computer-calculated response. Close 
agreement between measured and calculated respon- 
ses in the pass and transition bands indicates that a 
good filter design and assembly procedure were us- 
ed. The lower-than-expected attentuation peaks at fi, 
f4 ,  and f6 are because of a common ground im- 
pedance in the ground leads of the four shunt 
capacitors. If separate ground leads are used from the 
shunt capacitors, the peak attenuation levels can be 
increased by more than 10 dB. This will cause the 
measured minimum attenuation A, levels to increase 
slightly. 

16 4195 
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fig. 6. Calculated and measured attenuation responses 
of the 3-kHz filter design example. 

The passband insertion loss is only 0.2 dB. This low 
value is due to the relatively high-Q inductors in the 
3 kHz to 8 kHz frequency range. For much lower cutoff 
frequencies, the inductor Q's will be lower and the in- 
sertion loss will be higher. 

obtaining surplus inductors 
The potted 88-mH inductors have been provided to 

the author at no charge by the C 8 P Telephone Com- 
pany of Maryland for distribution to those Radio 
Amateurs wishing to build audio filters. The 134-mH 
inductors were purchased by the author and are be- 
ing offered at cost to those wishing to build the filter 
designs described in this article. Your request for in- 
ductors should be addressed to me and accompanied 
by a description of your filtering application and a 
4 x 9-114 inch SASE. 

summary 
Until now, the Radio Amateur has been hindered 

in using high-performance audio lowpass filters due 
to the lack of a simplified design procedure and a 
source of high-Q and inexpensive inductors. This ar- 
ticle explains how these problems have been solved. 
By using computer-aided calculations, designs from 
a special family of elliptic lowpass filters have been 
derived that can use two surplus potted 88mH induc- 
tors and one unpotted 134-mH inductor. 

Data was tabulated for eight 7th-degree elliptic 
lowpass designs suitable for the audio frequency 
range, and a simplified design procedure was 
demonstrated by designing and building a 3-kHz, 
500-ohm lowpass filter. Comparisons were made be- 
tween the measured and computer-calculated re- 
sponses to show that the design and construction pro- 
cedures were valid. It was explained how these design 
procedures usually result in non-standard impedance 
levels, and how this inconvenience can be alleviated 
by using padding resistors or inexpensive matching 
transformers. A source of surplus inductors for the 
filter construction was given, and a procedure was ex- 
plained for deriving an equation for modifying the un- 
potted inductor for a specific inductance. 

acknowledgement 
The author gratefully acknowledges the assistance 

of Mike Barge of Honeywell for performing the com- 
puter calculations required in deriving the elliptic filter 
designs used in this article. The author is also grateful 
to Joseph Gutowski of EWC, Inc., Harold Mitchell, 
NOARQ, of 3M Electronic Products Division, Rex Cox, 
formerly of Honeywell, and Frank Noble, W3MT, for 
their review of and comments on the article manuscript 
before it was submitted for publication. 

26 February 1984 



appendix A 
For a series-aiding connection calculate the total number of turns, 
TO, as follows: 

(a) Measure the original inductance, L,,, with the windings con- 
nected in series-aiding (SA) using an inductance bridge. An indirect 
method of inductance measurement is to resonate the inductor with 
a precisely known capacitance ( t 0.5 percent) while measuring the 
resonant frequency with a digital frequency c o ~ n t e r . ~  Calculate the 
inductance from the equation: 

where ,/and C are in kHz and pF. 

Use coupling capacitors of approximately 500 pF each to isolate the 
tuned circuit from the signal generator and the AC VTVM. 

(b) Remove 50 turns from each winding and connect the windings 
in series aiding. Measure the modified inductance, 1.,-. 

(c)  Calculate T,, - 100- K/(K - I )  (2) 

where R - m, 
and T,, = original number of turns on the unmodified 

inductor 
L,, - original inductance (mH) in the series-aiding 

(SA) connection 
I., - inductance ImH) for the SA connection after 

100 turns were removed 

For example, ~f 1 ,, - 134 I?IH and L,  = I10 tnH for 50 turns re- 
moved from each w~nd~ng,  then K - / 10371274 and T,, : 1064 

The unlque value of T,, IS used to f ~ n d  the equatlon that glves the 
total number of turns to be removed from any Inductor (of the same 
type) In order to obta~n a spec~f~c Inductance 

T,  or^,, r f l , )  (3A) 
where 5 = (T, ,  ~,)/fl, 13B) 
and T,  - number of turns to remove from each w ~ n d ~ n g  

to obta~n I ,  
I ,  des~red Inductance (mH) 
T,, - prev~ously determ~ned number of turns on the 

unmod~f~ed ~nductor 
T, total turns removed to get L, 

I ,  Inductance (mH) when T, turns are removed 

Example: a 134-mH inductor has a T,, - 1064, with I., = 110 for 
TI  - I00 

then T, 0.5 (1064 9 1 . 9 1 4 ~  

For example, find T ,  to get 132 mH from the 134-mH inductor. 

For a parallel-aiding connection: 

where T,, and S were previously defined, and 
T,, = number of turns to remove from each winding 

to obtain Lo 
L,, = desired inductance (mH) 

q, = 9 / . 9 1 4 q 7  (5) 

Find T,, in order to obtain 33 mH from the 134-mH inductor with 
its windings in the parallel-aiding connection: 

TI) = 532 - 9 1 . 9 1 4 m  = 532-528.0 
= 4 turns retnoved fro171 each winding 

Torul turns rc,tnoved = 8 

appendix B 
Equations relating reflection coefficient and A,,: 

R.C. (percent) = 100d 1 - 0.1' (1) 
where x = A,,/IO and A,, is the maximum passband ripple 

amplitude in dB. 

A,,(dB) = - 10 . logl~,(l - e21 12) 
where e = percent R.C./100 

For example, if R.C. = 8.058 percenr, then A,, = 0,0282913 dB. 

appendix C 

determination of filter 
matching pad resistances 

When the source impedance ( Z , )  or load impedance (ZL) is within 
30 percent of the termination impedance required by the filter, a 
single resistor can be placed in series or parallel with Z, or Zl to 
produce the termination impedance required by the filter. The slight 
loss in signal level can usually be compensated for by simply increas- 
ing the volume control on your receiver. For greater impedance dif- 
ferences, a suitable matching transformer must be used (see note 1). 

(A) When Z,  or Z,. is bss than the required filter termination im- 
pedance place a resistancein series with the Z,70r Z L  so that the sum 
of the two equals the desired filter termination impedance. 

(B) When Z,or Z,, is greater than the required filter termination im- 
pedance place a resistance in parallel with the Z,  or ZL SO that the 
parallel combination equals the desired filter termination impedance. 
If the added parallel resistance is "R,,," then: 

R,, = (S.  F)/(S - h )  
where S = source impedance and 

I.' = filter impedance with all values in ohms 

For example, if a 500-ohm filter is to be matched to a 350-ohm 
source and a 600-ohm load, then place a 150-ohm resistor in series 
with the 350-ohm source, and connect a 3 kilohm resistor in parallel 
with the 600-ohm load. 

Note 1: A large selection of inexpenswe audio transformers of different im- 
pedances at power levels of 0.075, 0.2, 0.4, and 2-watts output can be ob- 
tained from Mouser Electronics, 11433 Woodside Avenue, Santee, Califor- 
nla 92071 (714-449-22221. Prices vary from 79 cents to $1.20 for the 0.075 
to 0.4-watt levels and $2.30 for the 2-watt level. 
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factory tuned Hy-Q traps with large coils for consistent perform- 
ance at 2:l or lower VSWR on 40-10 meter band edges; band- 
width on 80 meters is approximately 40 kHz wlth VSWR below 2: l .  

ance does not change with the weather. The 18AVT withstands 
winds to 80 mph (128 kmlh) wlthout guying. All stainless steel 
hardware is included. 8 
14AVO/WBS (4 
the same excel band performance as l8AVT over the 3 
entire 40. 20. 1 neter bands; automatic band switching 0 
with mechanica,,, ~urr, ,c)r large-coil Hy-Q traps and very low 
angle radiation pattern. The smaller. low visibility size also makes 
the 14AVQ very suitable for roof mounting. The optional 14RMQ 
roof mounting kit includes base plate, mast and radiallguy wlres. 
All antenna hardware is stainless steel. 

18 HTS (80-10 meters. 160 meters wlth optional loading c - 
superb reliabilit nanifest in 
over 20 years 01 ovements t 

years. the 18HT ever. Auto1 
tion is achieved ~b decoupl 
effectively  isolate^ v ~ ~ ~ u u ~  ~ ~ G ~ I U ~ I S  of the a n ~ a r ~ r ~ a  sv that an 0 
electrical % wavelength (or odd multiple % wavelength) exists on '2 
all bands. For example. outstanding broadband performance on 4) 
20. 15 and 10 meters IS achieved w ~ t h  an extended % wave colli- > 
near. On 80 meters bandwidth is approximately 250 kHz at 2:l 
VSWR. With the optional base loading coil except~onal performance 
is also provided at 160 meters. The galvanized tower requires no 
guylng and withstands w~nds to 100 mph (160 km/h). A special 
hinged base allows complete assembly at ground level and permits 

, easy raising and lowering. Includes stainless steel hardware. 

I' WARC kits to be available. 

t Other Hy-Gain vertical multiband, antennas are available though 
not shown here. The 1 2AVOS (20.15.10 meter) is similar to 18AVT 

, above but with VSWR of 1.5:l or less on all bands. The 18VS (80- 
10 meter) comes with a base loading coil and may be installed on a 
short mast driven into the ground. All include stainless steel 
hardware.. . 1, 8 

Any two identical Hy-Gain verticals can be phased for 
excellent gain and directivity. A great system for beam 
performance on 40. 80 and 160 meters or for 10. 15 and 
20 meters where space is limited. Send for our free 
technical report "Phased Verticals". - 

E ! 
; Hy-Galn Verticals that work the world SIHQ1 S8M,MVR1 SSMIOAWI 

2 at better Amateur Dealers. 
fn 

i 

2 I 
r ~ TELEX. 

TELEX COMMUNICATIONS, INC. 
9800 Aldnch Am. So.. Mimaapaks. MN 55420 U.S.A. 

kJVm La BtnqbsW-Mttce 711. Canra Affares Pam-Nad. 93153 Le Bbnc-Msd. Fnnes. I 

8 HTS is r 
h the impr~ 
letter than 
unique st1 - ---a :--- 

installaiio~ 
we made o 
matic band 
ing system -- 1 
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high frequency receiver 
performance 

Understanding 
and specifying 

good receiver operation 

Receiver performance and the means for its 
specification is a complex and frequently misunder- 
stood topic, for it involves many different and often 
unrelated parameters, all of which are important to 
the overall performance of the receiver. (For exam- 
ple, it's no good having exceptional sensitivity if the 
receiver drifts excessively.) When specifying per- 
formance, it is important that all parameters be speci- 
fied accurately and completely. Many manufacturers 
and reviewers have been guilty of specifying per- 
formance inadequately, with ambiguous and mis- 
leading results. For example, the frequently quoted 
"sensitivity 0.5 pV'' is meaningless, and "0.5 1V for 
10 dB" is not much better. 

It is interesting to note that the importance of 
some performance parameters (e.g., intermodulation 
and reciprocal mixing) have only recently been fully 
appreciated and understood. Also certain receiver 
design changes have actually been responsible for 
reducing performance: for example, the direct 
replacement of tubes by bipolar transistors in the late 
19601s, and the current widespread use of frequency 

synthesis, which can introduce spurious receiver 
responses if not designed with special care. 

noise and sensitivity 
One of the fundamental concepts underlying re- 

ceiver performance is that of noise. So before we 
examine performance parameters - what they 
mean, how they are specified, and how they can be 
improved - we'll take a brief look at the physics of 
noise. 

Thermal noise is due to the random movement of 
particles in the effective impedance at the input to 
the receiver at ambient temperature. It cannot be 
avoided (except by cooling the whole antenna sys- 
tem down to near absolute zero) and is even present 
if a shielded 50 or 75 ohm resistor representing the 
antenna impedance is plugged into the receiver input. 
It is given by: 

where: V = RMS noise voltage 
k = Boltzmann's constant 
T = temperature in degrees Kelvin 
B = receiver bandwidth in Hz 
R = resistancelimpedance in ohms 

For a given antenna impedance and a nominal am- 
bient temperature (taken as 300 degrees K or 27 

By J.A. Dyer, G40BU, Hillview, 27 Bath Road, 
Ashcott, Somerset, England 
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degrees C), the only way to reduce the thermal noise 
is to reduce the receiver bandwidth. For a 50 ohm im- 
pedance, ambient temperature of 300 degrees K, and 
a bandwidth of 3 kHz the above expression works 
out as: 

v = , i(4)(1.38 x 10 -23)(;100)(3000)(5o) 
= 0 .05  p V (EMF) = - 26 dBp V 

where a dBpV is a dB relative to 1 microvolt (EMF). 

Sensitivity is expressed as the smallest signal re- 
quired to give a specific signal-to-noise ratio (SIN)," 
in a particular receiver bandwidth, and in the case of 
AM, for a given modulation level. In the days of noisy 
tubes, good sensitivity was hard to achieve without 
compromising other performance aspects. Now with 
bipolar transistors and FETs, sensitivities of 0.5 pV 
for a 10 dB S I N  ratio in a 3 kHz bandwidth, can easily 
be achieved on HF for an SSB or CW signal. As AM 
is usually specified at 30 percent modulation level, 
the figure will be 10 dB (3.16 times) worse than the 
SSBICW figure; in this case, 1.6pV (EMF). 

Noise factor (NF) can be defined as the ratio of the 
S I  N of a hypothetically perfect (noiseless) receiver to 
that of a real receiver, which adds its own noise to 
the thermal noise. Since it is the ratio of two ratios 
it is independent of bandwidth, temperature, and 
impedance. 

Typical HF spectrum noise voltages within a 3 kHz 
bandwidth are shown in fig. 1. We see at - 26 dBpV 
the thermal threshold noise, and also the receiver 
noise for a NF of 10 dB, at - 16 dBpV. To achieve a 
SIN of 10 dB a signal will need to be at - 6  dBpV or 
0.5 pV, which means that an NF of 10 dB is 
equivalent to a sensitivity of approximately 0.511V for 
a 10dB S IN  in a 3 kHz bandwidth. 

However, the most significant conclusions to be 
drawn from, fig. 1 are concerned with atmospheric 
noise. This is plotted on fig. 1 for a quiet area at a 

SIGNAL 
REOUIRED 
FOR 10 d 8  - -  S/N OVER --- ATMOSPHERIC 
NOISE 

0 0 18 -15 RECEIVER NOISE 

0 10 -  2 0  
I N F  IOd8J 

I ::I I;$- THERMAL NOISE 

I fig. 1. HF spectrum noise in a 3 kHz bandwidth. I 
'In fact it's more appropriate to quote s~gnal + noise to noise IS + NINI  or 
even signal t nolse + distortion to noise + distortion (SINAD). Note for an 
SIN of 10 dB or more there is l~t t le difference between the three terms. 

quiet time, and is between 5 and 25 dB above receiv- 
er noise; consequently for a receiver with a noise 
figure of 10 dB it is the atmospheric noise, not re- 
ceiver noise, that limits receiver performance. Indeed 
the NF could be increased to 15 dB (1pV EMF sensi- 
tivity) without loss of performance, except perhaps 
at 25 to 30 MHz. There is, therefore, no point in re- 
ducing the NF below 10 dB - especially as sensitiv- 
ity can only be obtained at the expense of dynamic 
effects such as intermodulation. It is also worth 
noting that claims of 0.15 pV (EMF) for 10 dB S IN  
(seen recently for an SSB transceiver) are quite im- 
possible. Even a perfect receiver with a 0 dB NF 
needs0.16pV ( - 16 dBpV) to achieve 10 dB S IN  due 
to the thermal threshold of - 26 dBpV. 

From fig. 1 it can be seen that under real operating 
conditions a receiver with a sensitivity of 0.5 pV 
will in fact need between 1 pV (at 30 MHz) and 10 pV 
(3 MHz) for a 10 dB S IN  ratio on HF - and this for a 
quiet atmosphere (and no QRM)! 

The above discussion considered noise voltage in a 
3 kHz receiver bandwidth. However, noise is propor- 
tional to the square root of the bandwidth. Thus if 
bandwidth is reduced from 3 kHz to 300 Hz, all noise 
voltages (thermal, receiver, and atmospheric) drop 
by a factor of Jmor 3.16 times (10 dB). This explains 
the continuing use of CW in the HF bands; a CW 
signal can still be copied when SSB would be lost in 
the noise. In fact, some operators can copy a CW 
signal with a S IN  of around 0 dB, so the advantage 
over SSB can be as much as 20 dB+. Thus sensitivity 
for the same (10 dB NF) receiver can be quoted as 
0.05pV for 0 dB S IN  in a 300 Hz bandwidth. 

Note that all voltages above are EMF (Electro- 
motive Force). Recently it has become common to 
specify sensitivities and other parameters using 
potential difference (PD) instead. This practice 
makes sensitivity figures look twice as good (6 dB 
better) because, in a matched im~edance system, 
PD is always half EMF (see ~ ~ ~ e n d i x ) .  care must 
therefore be exercised when interpreting receiver 
specifications; often the distinction is not made 
clear, usually indicating that PD is intended (see 
dynamic range for explanation). 

selectivity 
Selectivity used to be achieved by means of dis- 

tributed tuned circuits in the IF strip, and to obtain 
good selectivity a low second IF was required (for ex- 
ample, 455 kHz). Selectivity is now usually obtained 
by means of crystal, mechanical, or ceramic block fil- 
ters. The ideal filter response has a flat top with low 
ripple, and steep sides going down to a - 70 dB (or 

t l f  one considers that the human ear cons~sts of a contiguous series of ex- 
tremely narrow high Q filters (less than 30 Hz1 then perhaps the earlbrain 
combination always works with a positive S IN  ratio for intell~gibility. Editor 
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IdRl LOW INSERTION LOSS 

fig. 2. A desirable filter response would include a fast 
roll-off, low passband ripple and insertion loss, and a 
high stopband rejection. 

greater) stopband, and extending a long way out 
(see fig. 2). 

The old constraint of a low second IF no longer ap- 
plies. In fact, it is easier to design crystal filters for 
higher frequencies; IFs of 1.4, 1.6, 9 and 10.7 MHz 
often being used. 

Selectivity is usually quoted at the nose bandwidth 
(6 dB down), and the skirt bandwidth at 60 dB down. 
Good values for an 8 pole SSB filter are 2.7 kHz and 
4.4 kHz, respectively. One measure of filter per- 
formance often quoted is the Shape Factor (SF), 
which is the ratio of the skirt bandwidth to the nose 
bandwidth. The ideal SF is 1:1, and anything less 
than 2: 1 for a 3 kHz SSB filter is considered good. 

Mechanical and crystal filters can get quite close to 
the ideal, and some less expensive ceramic filters 
give surprisingly good results, Impedance matching 
into and out of a filter is of great importance and in- 
sertion loss (the loss caused by the filter in the middle 
of the passband) must be made up by amplification 
(usually less than 10 dB). A typical set of filters for a 
high grade communications receiver might be 8 kHz 
(AM), 2.7 kHz (SSB) - often with two asymmetrical 
filters, one for USB one for LSB - and 1.0 kHz, 300 
Hz, and 100 Hz for CW. The trend in Amateur equip- 
ment is for the tightest possible SSB filter (2.4 kHz), 
and often 600 Hz or 300 Hz for CW are used. 

The above refers to what could be called the 
"static" selectivity of the receiver, or the selectivity 
to a single signal only. For a discussion on dynamic 
selectivity see the section on reciprocal mixing. 

As an interesting aside, consider the use of the 
audio CW filter, often used by the Amateur fraternity 
in lieu of a good CW filter at the IF. (The best filter of 
all, of course, is the human brain; a good operator 
can pick out and copy a weak CW signal in company 

with numerous other signals because of the differ- 
ence in tone. Many experienced CW operators prefer 
to listen in a wide bandwidth and do their own filter- 
ing even when sharp CW filters are available.) How- 
ever, the audio image frequency (see fig. 3) will also 
give an output of exactly the same tone, and even 
the "human filter" will find it impossible to differen- 
tiate. But this is exactly the frequency that the audio 
filter cannot differentiate, either! Also, unless AGC 
voltage is at least partially audio-derived, strong un- 
wanted signals in the IF passband will reduce the IF 
gain, hence reducing post-filter dynamic range. 

Nevertheless a good multi-pole audio filter can be 
beneficial, especially if a linear detector is being used. 
(A  product detector is linear; an envelope detector is 
not.) Also, if a steep-sided SSB filter is available, the 
audio image can be rejected if the BFO injection is 
made to coincide with the edge of the passband. 

Image (second channel) rejection. In the normal 
superheterodyning process, a wanted signal (Fs) 
beats in the mixer with the local oscillator (or syn- 
thesizer output) frequency (FLo), and one of the 
resultant products of the mixing process, usually 

I IMAGE I 
B A N D W I D T H  

I FREOUENCY ( H z 1  

fig. 3. Narrowing the IF bandwidth improves the audio- 
image rejection: (A) wide I-F bandwidth; (61 narrow I-F 
bandwidth. 
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FLO- FS, at the intermediate frequency (IF), is pass- 
ed bv the IF selectivitv filter. 

However, another frequency called the image or 
second channel frequency (FLo+ FIF) also beats with 
the local oscillator frequency to produce a product at 
the IF. This frequency must be rejected by some 
form of RF tuning, either ganged to the "tune" con- 
trol or using a separate "pre-select" control; or by 
means of switched bandpass filters, usually auto- 
matically switched on synthesized receivers. 

As the image frequency is equal to Fs plus twice 
the IF, the higher the first IF, the further away from 
Fs will be the image frequency, and the easier it will - 
be to reject. If up-conversion techniques are used, 
the first IF will be in the range 40 to 90 MHz and the 
image frequency will also be at VHF and thus can be 
rejected by a simple 35 MHz low-pass filter at the 
receiver input.3 

Image frequency rejection is specified as the ratio 
in dB of an unwanted signal above 1 pV to give the 
same output as the received 1 pV signal. 50 dB of re- 
jection is considered poor, while 80 dB or more is 
desirable. 

IF rejection 
IF rejection occurs when a strong signal at a 

receiver IF directly breaks through the early stages 
and into the IF. It is specified in the same manner as 
image rejection with 80 dB being a desirable number. 
It should be quoted for all the IFs in a receiver. Often 
in a double conversion receiver the figure for the se- 
cond IF is worse than that for the first IF. Good 
screening is necessary between IF and RF stages, 
and IF traps in early pre-IF stages can be employed to 
reduce IF breakthrough. Taken together, lFand image 
rejection are sometimes referred to as "rejection to 
external spurii." 

dynamic effects 
Dynamic interference effects such as intermodula- 

tion and cross-modulation have often been largely ig- 
nored in the past, and only in the last ten years or so 
has their true importance been understood. It has to 
be said that the replacement of tubes by bipolar 
transistors in the 1960s made the situation worse." In 
general, dynamic effects are caused by large off-tune 
(off frequency) signals that cause the receiver to 
operate in a non-linear manner. It is these effects 
(together with reciprocal mixing) that currently deter- 
mine the performance of the communications re- 
ceiver rather than the traditional parameters of sen- 
sitivity, selectivity, and stability. 

dynamic range and 
intercept point 

Dynamic range can be loosely described as the 

INTERCEPT  POINT 
WHERE EXTRAPOLATED , RESPONSES CROSS 

I 2 0  - 

: I 0 0  - 
m 

8 0  - 
FUNDAMENTAL 

- - 4 0  

- - 60  

- -100 

RECElVER 
- -120 

- - - - - - - , NOISE FLOOR 

) too 120 

I INPUT  L E V E L  d B p V  I 
fig. 4. Intercept point is determined from the intersec- 
tion of the fundamental and third-order response curves. 

range of input signals over which dynamic inter- 
ference effects produce outputs which are not signi- 
ficant (i.e., which are below the noise floor). In order 
to arrive at a suitable definition for dynamic range, 
consider the intercept point as shown in fig. 4. This 
occurs because the power level of the dynamic pro- 
duct increases at a greater rate than that for the 
wanted signal. Second order products increase as 
the square of the input (twice as many dB), and third 
order products as the cube (3 times in dB). (Third 
and second order products will be dealt with in 
greater detail when discussing intermodulation. 1 

Dynamic range can then be usefully defined as 
two-thirds of the difference in level between noise 
floor and the intercept point, or alternatively as the 
difference between the fundamental response input 
level and the third order response input level as 
measured along the noise floor (see fig. 4). These are 
by no means the only methods of specifying dynamic 
range, and care must be taken in interpreting manu- 
facturers figures. Using the above method of defini- 
tion a dynamic range of 90 to 100 dB for 3 kHz band- 
width with an intercept point of 120 to 140 dBpV ( +7  
to +27 dBm), can be considered good. Note that 
because dynamic range - by definition - depends 
on the noise floor level, it will increase as bandwidth 
is reduced. lntercept point is sometimes specified (as 
are other parameters) in dBm, where a dBm is a dB 
relative to 1 mW into the system impedance (usually 
50 ohms). 0 dBm (50 ohms) equals 224 mV PD 
(Potential Difference), or 113 dBpV, thus to convert 
from dBpV to dBm (50 ohms) simply subtract 113. 
(E.g., 0 dBpV = I p V  EMF = 0.5  p V  PD is -113 
dBm).  Note: dBpV is dB relative 1 pV EMF. 

'Readers are urged to consider the outstanding ~ntermod performance 
achieved by using FETs these days. Editor 
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For those who demand quality 

Mobile Power Amplifiers: 
4101 Complete 2 meter HT accessory-All mode RF power amp., 
2W in = 25W out, 50W out maximum; regulated power supply for HT; 
4W speaker amplifier. Optional RX preamp. $215 

4102 Complete 2 meter HT accessory-All mode RF power amp., 
2W in = 100W out; regulated power supply for HT; 4W speaker 
amplifier. Optional RX preamp. $325 

4103 All mode 100W 2 meter power amp.-For transceivers up to 
25W. 2W in = 30W out, lOOW in = 90W out. Optional RX preamp. $225 

4104 All mode 100W 220 MHz power amp.-For transceivers up to 
25W. 2W in = 25W out, 10W in = 70W out. Optional RX preamp. $235 

Mobile Power Amplifier Accessories: I 
4106 Amplifier remote control-Controls 4103 or 4104 
amps mounted away from operating position. 
With 16' cable. $32 

4109 Plug in 2 meter RX preamp. 12 dB gain, 
2 dB NF $36 

4110 Plug in 220 MHz RX preamp. 12 dB gain, 

Useful Station Accessories: 
4116 2 meter RX preamp-Pull in the weak ones. 16 dB gain, 
2 dB NF. Auto. TIR switching. No transceiver mods. $63 

4117 Twin 40 dB RF coupler-Two attenuators bridge a thru line. 
Connect signal generators, spectrum analyzers, etc., without fear of 
accidental damage from TX power. $42 

4118 Splice Kote-Special thermo-plastic inner coating in heat 
shrink tubing weather seals coaxial fittings, rotator cable splices, 
etc. Enough material for 5 to 15 seals. $12 

Protected territories offered to selected dealers 

&Himil COMMUNICATIONS 
(41 5) 851 -8779 

P.O. Box 620625 
Woodside, CA 94062 

More Details? CHECK-OFF Page 108 February 1984 37 



SOLID STATE 
and TUBE-TYPE 

NO. 90651-A GRID DIP METER 
1 7 to 300 MHz standard 
$210 

No. 90652 
SOLID STATE DIPPER 

$210.00 No power cord 

' DESIGN EVOLUTION IN RF PmAmys 

I Cornplete wtth carrying case and 7 colls I 

.delay) 
Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet- 
ter IMD). Device NF typically .5 dB. 
Thermal shutdown protection incor- 
Dorated 
Remote control available 
Rugged components and construc- 
tion provide for superior product 
quality and performance 

Exflusiw Man-rer of 
MILLEN Equipment 
P 0 Drawer U 

(61 7)  322-4455 Malden. MA 02148-0921 

C ~ i s l o n l  M o ~ l i n q  Lis ls on L;#bels i  

f A m a t e u r  Radio Operator N A M E 3  1 

Affordably priced offering the best 
performance per dollar 1. Models with G suffix have GaAs FET p r e  

amps. Non-G suffix units have no preamp. 
Designed lCAS ratings, meets FCC 2. Coversfullamateur band. Specify 10 MHz 
part 97 regulatiorts Bandwidth for 420-450 MHz Amplifier. 
1 year transistors warranty 

*SEND FOR FURTHER INFORMATION* 
Add $5 for shipping and handling 
(Cont. U.S.). Calif. residents add ap- 
plicable sales tax. 
Specifications/price subject tochange 

:::& 
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Total Ltst: 435.000 Price. $25/Thousand I 
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F R E O U E N C Y  ( M H z 1  I 
fig. 5. Example of second-order IMDs. 

-- I 

fig. 6. Example of third-order lMDs where2F, beats with 
F, to produce a response at 10.0 MHz. 

intermodulation 
lntermodulation product distortion (IMD) occurs 

when two large unwanted signals beat together 
(inter-modulate) in a non-linear receiver stage, to 
produce a product at the wantedfrequency. 

Second order intermodulation products equate to 
F1 rf: F2 (where F1 and F2 are the two unwanted fre- 
quencies). This process is shown in fig. 5 where the 
two unwanted signals are at 11 and 21 MHz causing 
a beat at 10 MHz. (Signals at 6 and 16 MHz or 3 and 7 
MHz would produce a similar product.) 

One point to note about second order lMDs is that 
at least one of the unwanted signals must be outside 
the passband of any octave filter response that in- 
cludes Fs and consequently can be rejected by any 
reasonably tight RF tuning, such as a good octave 
filter or sub-octave (less than an octave) filter. 

Third-order intermodulation products are equal in 
frequency to F1 -t- 2F2. Thus both signals can be very 
close to the wanted signal, and well within the RF 
passband regardless of the type of RF tuning in use. 
This is seen in fig. 6 where signals at 10.4 and 10.8 
MHz produce a third-order IMD product of 10 MHz. 

lntermodulation performance is typically speci- 
fied as the levels of two unwanted signals not less 
than 20 kHz off tune (off the main signal frequency) 
to give a 0 dBpV (1 pV EMF) response. A good 
receiver will have a third-order IMD performance of 
70 to 90 dBpV. A statistical analysis based on data 
relating to actual signals received over the whole of 
the HF band on wideband (rhombic) antennasle2 indi- 

cates that at least 90 dB is required. As specified 
above, this corresponds to a dynamic range of 100 dB 
and an intercept point of 134 dBPV or +21 dBm (50 
ohms), as shown in fig. 7. It is easy to see why such 
a figure is needed. 90 dBlV corresponds to 32 mV 
EMF and at almost any time there will be tens of 
broadcast (and other) stations putting between 10 
and 100 mV onto a wideband antenna, with hun- 
dreds of others in the range 1 to'lO mV (EMF)! 

Second-order IMD performance, often not stated, 
can sometimes be misleading. Second-order per- 
formance can be poor enough to present a real prob- 
lem even with good third-order performance if a 
wideband antenna is used without an antenna tuning 
unit (ATU). This is due to the use of unshielded octal 
filters of less than perfect performance. Levels similar 
to third-order performance are required. 

In-band intermodulation occurs when two signals 
within the IF passband beat (mix) to produce extra 
products. It is normally of little significance in HF 
communications except where multichannel "Voice 
Frequency Telegraphy (VFT)" systems such as "Pic- 
colo" are in use. A typical level of performance for a 
good receiver is for a product of -40 dB with 
reference to two in-bands signals. 

Cross modulation occurs when modulation from 
an unwanted signal transfers itself across and 
"modulates" the wanted signal. Again this is due to 
non-linearities in the early receiver stages, and some- 
times thesame modulation will reappear on each ad- 
jacent signal tuned in. Cross modulation is a third- 
order effect, so good third-order IMD performance 
will tend to mean good cross modulation perform- 
ance (see fig. 8). 

Cross modulation may be specified as the level re- 
quired in dBbV for a 30 percent modulated carrier 
greater than 20 kHz off channel to cause 3 percent 
cross modulation. A level of 70 to 90 dBpV is con- 
sidered good. 

Blocking, or de-sensitizing, is similar to cross 
modulation, but in this case the large off-channel 
signal causes a reduction in wanted signal output. It 
is specified as the signal required to reduce wanted 
output by 1 dB. It can often be caused by a strong 
CW signal, causing gain to go up and down with the 
keying. 90 to 110 dBpV is considered good per- 
formance, for a 1 mV (EMF) signal. 

causes and cures of 
dynamic effects 

Dynamic effects are caused by large off-channel 
signals driving the receiver into non-linearity. There 
are three fundamental methods of improving per- 
formance: ( a )  preventing the off-channel signals 
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- .  - -- - ---- 
a perfc ice specification 

This detailed specification indicates the performance required for a "very good" receiver. Additi,..,. 
parameters not mentioned previously, such as audio output power, have been added for completen 
Note that specifications like this should state worst-case figures (maximum or minimum values that art 
ceptable when the receiver is being tested); in some cases, however, "typical" values are used insti 
This will at first sight make the receiver seem considerablv better: for example, a worst-case NF of 1( 
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from entering; (b )  improving the linearity of the early 
stages of the receiver, prior to and including the roof- 
ing filter (a roofing filter is inserted in the first IF and 
is used to reduce the number of strong signals pass- 
ing through the IF [chain]; it is not as narrow as the 
main selective filters); and (c) reducing the level of all 
signals. 

This last method works because the response to 
the unwanted (dynamic) signals falls off at a faster 
rate than that of the wanted signals (see fig. 4) .  It is 
implemented by means of a front-end attenuator or 
by a wideband AGC loop (separate from the main 
AGC loop) which operates on the RF amplifier on 
large signals only, and thus can be thought of as be- 
ing an automatic attenuator. Both methods have the 
disadvantage of reducing receiver sensitivity, and 
consequently other solutions should be found. 

Method la) involves the use of sub-octave filters or 
some sort of preselector tuning and can be very ef- 
fective in reducing second order effects. However, 
as previously mentioned, third order products can be 
too close (in the signal passband) for tuned circuits 
to have an effect. 

The only real solution is to improve linearity, (b ) .  
Bipolar transistors are particularly poor in this 
respect, but FETs are approximately square-law de- 
vices and are therefore very good in terms of third- 
order effects, but not as good for handling second- 
order products. Linearity can be improved by using 
higher power supply voltages and by keeping pre- 
roofing filter gain down to a minimum consistent 
with required sensitivity, and therefore by keeping 

- NOiSE 
0 , , , /! , FLOOR 

1 
- 2 0 1  0  2 0  4 0  60 8 0  890 100 120 1 4 0  , 

I N P U T  i d B p V l  I 

1 I 
1 DYNAMIC RANGE I 
k - 1 0 0  a n  - 

fig. 7. Good receiver third-order intermodulation distor- 
tion performance is shown as a 100 dB spurious-free dy- 
namic range. 

F R E Q U E N C Y  ( M H z  I 1 
I 

fig. 8. Cross modulation occurs when modulation from 
an "unwanted" signal transfers itself across and modu- 
lates the wanted signal. 

noise levels down. In the extreme situation, the R F  
amplifier can be completely eliminated and the sig- 
nals fed directly to a low-noise mixer via the front- 
end filters. This isn't such a drastic step as it might 
appear, because remember an NF of 15 dB is more 
than adequate on HF, and this can be achieved with- 
out an RF amplifier. 

The mixer may be a double-balanced switching 
type diode mixer using high level LO injection to im- 
prove linearity. Components normally considered to 
be linear, passive, and reciprocal must be carefully 
checked to ensure that they are. This especially ap- 
plies to ferrite cores used for RF coils and trans- 
formers; and crystal filters, which are often non- 
linear and non-reciprocal, i.e. having different 
characteristics if connected the "wrong" way 
around. 

The practice of fitting protection diodes at the 
receiver input (often found on marine-band re- 
ceivers) will also cause non-linearity, as will diodes 
used to switch filters. If all these points are carefully 
considered, very good linearity can be achieved with 
an intercept point of 140 dBpV or better. This level of 
performance ensures that IMD cross-modulation 
products are below atmospheric noise on HF. 

Reciprocal mixing is due to high level unwanted 
signals mixing with the noise sidebands of the local 
oscillator/synthesizer, producing noise products at 
the receive frequency (see fig. 9). 

It is another phenomenon which until recently has 
been more or less ignored, partly because tube local 
oscillators are inherently "cleaner" than most of the 
modern solid-state synthesizers. It can be specified 
as the level in dB above a wanted signal that an un- 
wanted signal can attain at a specified frequency off- 
channel (e.g. 50 kHz) at a specified bandwidth 
(usually 3 kHz) to reduce the S /N  ratio of a wanted 
on-channel signal by 3 dB! 

The oscillator noise can be reduced by employing 
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high "Q" (oscillator) circuits, and also by using high synthesizer noise and 
power oscillators, as the noise sidebands will then be internal spurious responses 
relatively weaker, thus improving S I N .  Phase locked 
loops can be very poor in this respect because they 
contain numerous noise sources which add together 
in the output, together with frequency jitter. In addi- 
tion, PLL's frequently use low "Q" circuits and low 
power VCOs in the output. The noise produced is 
phase modulated and cannot be removed by limiting. 

The action of reciprocal mixing in introducing off- 
channel signals into the IF at levels proportional to 
the distance away from the wanted signal (frequency 
separation) (see fig. 9) effectively reduces the selec- 
tivity of the receiver. This is shown in fig. 10, and the 
response curves indicate the dynamic selectivity of 
the receiver, that is, the selectivity of the receiver in a 
real signal environment. As can be seen, it's the 
stopband of the filter response that's been changed; 
with 70 dB reciprocal mixing, a considerable loss of 
performance occurs. 

However, when the reciprocal mixing has been im- 
proved to 90 dB, its effect on filter response can be 
considered fairly minor. A frequency-synthesized 
receiver can achieve 90 dB, while a good (tube or 
FET) crystal oscillator can give 110 dB or better. 

UNWLiNTEO 
SIGNAL 

,,-7,-", 

1 I - F  
I 1 

; + N O I S E  
, S I D E B A N D S  I 

F R E Q U E N C Y  ( M H z 1  

fig 9. Reciprocal mixing reduces the useful dynamic 
range of the receiver. 
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RECIPROCAL M I X I N G  

1 0 0  
STATIC F I L T E R  RESPONSE 
(COMBINED E F F E C T  OF ROOFING 
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I F R E Q U E N C Y  FROM F I L T E R  CENTER ( k H z 1  I 
fig. 10. Dynamic selectivity differs from the static filter 
response because of reciprocal mixing. 

Internal spurious responses are responses of the 
receiver to signals generated within the receiver 
itself. These internally generated signals can be fixed 
(e.g., reference frequencies) or can move when the 
receiver tuning is changed. They cause problems 
when they occur at the signal frequency or an IF, and 
are generated by any oscillators within the receiver 
or by digital circuitry such as synthesizers and fre- 
quency counters. (A current trend is to use multi- 
plexed fluorescent displays instead of DC driven LED 
displays, which generate low frequency interference. 
Adequate shielding must be employed to reduce 
radiation.) In using frequency synthesis techniques, 
many of the waveforms are digital, square waves 
with fast rise-times rich in harmonics. CMOS and LSI 
(N-MOS) is usually better in this respect than TTL 
which has faster rise times. Careful design, with ade- 
quate low-pass and bandpass filtering and with high 
"Or' output circuits, is important. With good design 
it is possible to keep spurious outputs 100 dB down 
on the main output level. This standard of perform- 
ance should ensure that all spurious responses are no 
more than 3 dB above the receiver noise level. 

stability 
A fully synthesized receiver can have a stability 

equal to that of the frequency reference s ~ u r c e . ~  If 
an oven-temperature stabilized crystal oscillator is 
used, stability of less than 0.1 Hz/ O C  can be achieved. 
With partial synthesis the stability is governed by the 
stability of the VFO, but with cool, buffered solid-state 
designs it is possible to achieve long term drift rates 
of 100 Hzlhour with short term drift (even including 
lifting the receiver an inch and dropping it!) of 10 to 
20 Hz. The latter is more than adequate for normal 
SSB/CW/RTTY /AM communications. 

conclusions 
The performance quality of the HF receiver has in- 

creased over the years and it is now possible to de- 
sign a general coverage receiver that provides very 
high performance. As activity on the HF bands has 
constantly increased, this improvement in perform- 
ance is of vital importance to maintain the ability to 
communicate. 

Generally speaking, the cost of equipment has 
gone up in proportion to its complexity. There is, 
however, a reduction in real cost due, in part, to the 
availability of relatively low cost complex ICs, crystal 
filters, and FETs, as well as to improvements in design 
techniques. 

Future trends will include more extensive use of 
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PICK YOUR WICK 

i fig. 11. Voltage and  power relationships. I 

V -  

ICs, with possibly a single chip full-synthesizer, and 
microprocessor control of the receiver. It seems likely 
that more extensive use will be made of remote con- 
trol of receivers via data link, and that in communica- 
tions centers a central mini-computer will be linked to 
each operating position, performing a variety of use- 
ful functions. On the domestic scene, the home com- 
puter can be linked to the receiver via an RS232 line, 
and can be used to decode RTTY and SSTV signals, 
etc. It could also be used as a big "memory" to store 
channels ffrequencies/modes/filters and a channel 
ident) for instant recall. 

In conclusion, receivers available now offer per- 
formance that ten years ago could be obtained only 
from professional receivers costing ten times as 
much, and which twenty years ago could not be ob- 
tained at all. 

appendix 
Fig. 11 shows the relationships between levels as specified in  

V(EMF), V(PD), dBpV, and dBm (50 ohms). Also shown is the S- 
meter response as recommended by the IARU, the International 
Amateur Radio Union. This specifies that S9 should be at 50 rV 
PD, or 100 pV EMF; and that each S-point should be at 6 dB inter- 
vals. Also shown are the thermal noise threshold and typical 
receiver and atmospheric noise terms for a 3 kHz bandwidth. 

V -  
316 
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ety of equ~pment Features In- 
clude * mlrror back scale 

double-jeweled preclslon 
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RAMSEY D-2100 
DIGITAL MULTITESTER 
Is ~>I~ ! I> ,N I e,I',y I t ]  L J , , ~  orltl 
d<'siqr>ccl lo o1,~'rale likr. a pro Fea- 
turlncl : I I ~  C~IIIII Lcr) IOW BAT 
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dual slope Inleqrat~on . v~nyl 
carrvtno case 
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polarltv 8 low BAT ~nd~ca to r  
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CT-70 7 DlGlT 
525 MHz COUNTER 
Lab quality .lt a hrl~i lkthlough prlce. 
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wllh preamp dual selectablegate 
times gateactlv~ty cndlcator 

50mV ' ' 1  150 MHz typ~cal sensttlvlty 
wlde frequency range 1 pprn 

accuracy 
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wlred include8 AC adapter 

CT-70 ktt . . . . . . . . . . . . . . . . .  $99.95 
BP-4 nlcad pack . .1.. . . . . . . . . . .  .8.95 

DM-700 DIGITAL 
MULTIMETER 
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placement automatic polar~ty 
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CT-90 9 DlGlT 
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VHFIUHF antennas and 
antenna systems 

There  i s  p robab ly  n o  o the r  
VHFIUHF topic that inspires such a 
vigorous line of conversation than the 
subject of antennas. Hardly a day 
goes by when I'm not asked ques- 
tions like "What type of antenna do 
you recommend?" or "What's the 
difference between this antenna and 
that one?" The reason we're so inter- 
ested in this subject is that there is no 
better way to improve the perform- 
ance of your station: a 1 dB improve- 
ment in antenna gain yields a 2 dB 
overall increase in your station capa- 
bility, since we gain 1 dB on transmit 
and 1 dB on receive. 

The answers to  the questions 
above are neither simple nor obvious; 
they take time to answer thoroughly. 
Furthermore, the answers may not al- 
ways involve performance as much 
as economic or structural considera- 
tions. With this in mind, I've decided 
to discuss the popular types of VHFI 
UHF antennas and the tradeoffs be- 
tween them in this month's column. 
Future columns will zero in on ways 
to measure and obtain peak perform- 
ance with the antennas we are using. 

antenna types 
The three major types of VHFIUHF 

antennas presently in use (excluding 
FMIrepeater types) are the collinear 
array, the Yagi and the parabolic 
dish. Each type has its own advan- 
tages and disadvantages. While all 
can produce high gain, they differ 

vastly in form factor. Let's discuss 
each type individually and see what 
each can and can't do. 

collinear array 
The collinear array was very popu- 

lar among VHF/UHFfers and espe- 
cially EME'ers (Earth-Moon-Earth) on 
2 meters and 70 cm (432 MHz) before 
high performance VHFIUHF Yagi an- 

1 fig. 1. Typical eollinear array. i 
tennas were designed. It usually con- 
sists of a group of half-wavelength di- 
poles in front of a screen or set of re- 
flectors (fig. 1).  Technically speaking, 
you could probably call this an array 
of 2-element Yagi antennas. Some in- 
dividuals have even placed additional 
directors in front of the driven dipoles 
in an attempt to increase gain.' The 
unique thing about a collinear array is 

that the feed system is usually some 
form of open wire line. The collinear, 
unlike many antennas, is usually quite 
broadband. Efficiency can be very 
high and gain is mainly a function of 
the size of the array. The extended- 
expanded collinear is a stretched-out 
version that has fewer elements and 
higher gain approaching 80 to 95 per- 
cent e f f i c i e n ~ y . ~  This antenna is 
treated in depth in reference 2 and 
improvements are mentioned in refer- 
ence 3. 

Collinear antennas offer several ad- 
vantages: They are not "critical" to 
build, are usually low in cost, have a 
low loss feed system, and when used 
on EME, can be readily adapted to 
polarity rotation. They are also easy 
to array when extremely high gain is 
desired. The principal drawback is 
their overall size, which usually pre- 
cludes mounting other antennas on 
the same mast. (I'll discuss this sub- 
ject later in this column.) There may 
also be problems in areas where 
moisture is present, since the VSWR 
may increase if the feed system gets 
damp or wet. 

Yagi and Yagi type antennas 
The Yagi antenna (fig. 2) is partic- 

ularly popular where space is at a pre- 
mium or when only narrowband oper- 
ation is required. It is presently the 
workhorse in the VHF and lower UHF 
spectrum. The first high gain VHF 
Yagi designs were published by 
Kmosko and J ~ h n s o n , ~  Greenb l~m,~ 
and Ehrenspeck and P ~ e h l e r . ~  Unfor- 
tunately, these Yagis weren't always 
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as good as claimed, were hard to du- 
plicate, and when duplicated, often 
failed to deliver the promised gain. 
Some had very high side lobes. 

The W0EYE 70 cm 4.2 wavelength 
15 element Yagi7 with correctionsE 
was first published in 1972. Based on 
the unpublished work of Pete Viez- 
bicke at NBS (National Bureau of 
Standards), it was the first really high 
gain Yagi with a clean pattern that 
was easily duplicated. Don Hilliard, 
W0EYE (now WBPW), and I urged 
Pete to publish his work and he finally 
did so in December, 1977, in NBS 
Technical Note 688, now out of 
print.s This publication, the result of 
extensive studies done by NBS in the 
1950's to develop high gain arrays for 
ionospheric scatter, included six dif- 
ferent models with boomlengths of 
0.4 to 4.2 wavelengths. In the Aug- 
ust, 1977 issue of ham radio, I pub- 
lished an article which included the 

I 

D R I V E N  E L E M E N T  

i R E F L E C T O R  

1 fig. 2. Typical long-Yagi. I 
majority of the NBS material along 
with several practical examples of 
Yagi designs using this material.1° ( A  
future column will deal with this topic 
in greater detail. 

The NBS Yagi designs described 
above work well through 70 cm, but 
the longest one is only 4.2 wave- 
lengths (approximately 10 feet or 3 
meters at 70 cm).  Giinter Hoch, 
DLGWU, has been working on this 
problem and has recently produced 
some very long Yagis" based on an 
extension of the work of Green- 
b l ~ m . ~  Hoch has been able to in- 
crease the gain approximately 2.35 
dB each time the boomlength is 
doubled and has demonstrated this 

success even at 23 cm (1296 MHz). I 
have verified his information with a 70 
cm 9.25 wavelength (21 feet or 6.5 
meters) model which measured 
greater than 17.5 dB over a dipole 
gain at the 1981 Central States VHF 
Conference.12 At the 1983 Central 
States VHF Conference, KL7WE en- 
tered an even longer (24 feet or 7.5 
meter) 70 cm Yagi model based on 
the same information and it measured 
approximately 18 dB over a dipole. 
Hence the quest for extremely high 
gain Yagis is finally showing promise. 

the Quagi 
In April 1977 Wayne Overbeck, 

K6YNB/NGNB, published a descrip- 
tion of an antenna he called the 
"Quagi."13 This antenna is basically a 
Yagi with a cubical quad-type reflec- 
tor and driven element. The design 
shown was low in cost, used a wood- 
en boom, and was fed directly with 
coax. Newer designs have been pub- 
lished;14 DL9KR and others have fur- 
ther optimized this design and modi- 
fied the feed systems for use in large 
(groups of 16) EME arrays. This de- 
sign could piobably still use some op- 
timization; only a few specific designs 
are available. 

the log-periodic 
antenna array 

The log-periodic antenna array,15 a 
series of elements resembling a Yagi 
antenna, but with all elements fed by 
a special feed system, has never 
gained much acceptance among 
VH F/  UH F'ers (except ATV'ers) be- 
cause it is basically a wideband (multi- 
octave) structure with only moderate 
gain. The late Oliver Swan developed 
a hybrid antenna called the log-peri- 
odic Yagi, which has somewhat 
wider bandwidth than the typical 
Yagi.lE It uses a log-periodic feed sys- 
tem to excite the directors of a Yagi 
structure. A 70 cm log-periodic Yagi 
has also been published." 

loop Yagis 
Until recently, very few Yagi de- 

signs were used on the 23 cm band 
because they were hard to duplicate 

and extremely tight tolerances were 
required. The boom-to-element at- 
tachment had been a problem both 
electrically and mechanically, which 
further aggravated the tolerance 
problem. 

In 1974, Mike Walters, G3JVL, de- 
cided to take a different approach to 
the Yagi antenna. At first he experi- 
mented wi th cubical quad loops 
made of wire, but could not obtain 
the desired performance. He then 
changed the elements to thin 0.028 
inch (0.7 mmJ aluminum straps 3/16 
inch (4.7 mm) wide bent in a circle. 
After much trial and error, he devel- 
oped a 23 cm, 28 element high gain 
"loop Yagi."18 Later he developed 
longer models and also a table of cor- 
rections for different boom and ele- 
ment sizes.lg The use of a round 
boom with his unique element-to- 
boom mounting method and the cor- 
rection tables has been one of the 
reasons this design has been so suc- 
cessful. This antenna has been used 
as low as 70 cm and as high as 3 cm 
(10.256 GHz). A 45-element WIJR- 
designed loop Yagi had greater than 
19 dB gain over a dipole as measured 
at the 1983 Eastern VHFIUHF Con- 
ference. 

stacking 

When really high gain is desired 
(such as in EME), Yagi antennas can 
be either arrayed or stacked. General- 
ly speaking, every time you double 
the number of Yagi antennas in an ar- 
ray, you can increase the gain approx- 
imately 2.5 dB if the proper stacking 
distance is used and the feedline loss 
is kept low (this will be covered in a 
later column). Recent work on 70 cm 
EME tends to confirm that the best 
compromise is to use the highest gain 
Yagi design possible. Then the num- 
ber of Yagis in the array will be at a 
minimum, and feedline problems will 
be more manageable. For general ter- 
restrial operation, it is usually desir- 
able to stack antennas vertically so 
that the beamwidth in the azimuth 
plane will stay wide and thereby spare 
you severe rotator aiming problems. 
This is particularly desirable for 
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r /  192 

meteor scatter communication, in 
which the field of reflection can be 
wide. 

parabolic dish antennas 
The parabolic dish (fig. 3) is still 

one of the favorite antennas on 23 cm 
and above - especially on EME. The 
gain of this type of antenna is primar- 
ily determined by its size (diameter), 
providing that the feed or illuminator 
is properly chosen. There are many 
advantages to using this type of an- 
tenna. It is frequency-independent, 
meaning that you can change fre- 
quency by simply replacing the feed 

REFLECTOR 

parabolic dish offers many advan- 
tages; but again, if high gain is de- 
sired, the antenna system must be 
large. While we've discussed many 
types of antennas for VHFIUHF, we 
haven't discussed them in great de- 
tail. We'll deal with each type more 
comprehensively as time passes. But 
it will be up to you to weigh the ad- 
vantages and disadvantages of each, 
make your decision, and take the 
plunge. 
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HAL.PA.1.4 WlDE BAND PRE-AMPLIFIER. 10 MHz TO 1 4 GHz. 12dB GAIN - - 

FULLY ASSEMBLEDANDTESTEDSIZ 95 
HAL.PA.2.1 GHz2STAGE PRE.AMPLIFIER. DESIGNED FOR 2304 DOWN CONVERTER 
MADE TO PlGGlE BACK ON THE 2304 BOARD OFFERS 2068 GAlN ALSO HAS AN 
IMAGE REJECTION FILTER FULLY ASSEMBLED AND TESTED $34 95 

SHIPPING INFORMATION ORDERSOVER$25WILL BE SHIPPEDPOST PAIDEXCEPT 
ON ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON ORDERS LESS 
THAN 525 PLEASE INCLUDE ADDITIONAL 12 50 FOR HANDLING AND MAfLlNG 
CHARGES SEND 2Oa STAMP FOR FREE FLYER - - - - - -  

P.O. BOX 1101 
SOUTHGATE, MICH. 48195 

fl 138 
"HAL" HAROLD C NOWLAND 

PHONE (313) 285-1782 
- - - -- - - - W8ZXH 

The IM-2215 Handheld Digital 
Multimeter takes the high 
resolution of a bench instrument 
into the field with measuring 
capabilities to 1 0 0  pV, I pA and 
I ohm. Its 3% digit liquid crystal 
display shows DC voltages up 
to IOOO V, AC voltages up to 
750 V, DC and AC current up 
to 2000 mA and resistances up 
to 20 megohms. Side pushbut- i 
tons allow quick range switch- 
ing and easy one-handed opera- 
tion. Kit rtced at 999.95. Send 
for compLte details today using 
the coupon below. Visa and 
MasterCard orders call 
TOLL-FREE: 1-800-253-0570. 

Address A p t .  - I 
I 

m I C ~ t y  
- Heathkit I 
F-  ~- State ZIP 

i 
IT -I MAIL TO: H e a t h  Company.  D e p t  I ? ? - I ~ o  I 

Renton  Harbor .  MI 49022 Lzlllll-l-llA 
f l  145 
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Q7 @ 
aB 
by r' A K.V.G. 

9 MHz CRYSTAL FILTERS 
Appli. Band. 

MODEL cation width Poln price I 
SSB 
SSB 
LSB 
USE 
SSB 
AM 
AM 
FM 
CW 
CW 
CW 

IF nolse 

2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
2.4 kHz 
3.75 kHz 
5.0 kHz 

12.0 kHz 
500 Hz 
500 HZ 
250 Hz 

15 kHZ 

10.7 MHz CRYSTAL FILTERS 1 
XFtO7-A NBFM 12 kHz 8 567.30 
XFlO7-8 NBFM 15 kHz 8 67.30 
XFlO7.C WBFM 30 kHz 8 67.30 
XF107-D WBFM 36 kHz 8 67.30 
~ ~ 1 0 7 . 6  P~x~Data 40 kHz 8 67.30 
XMtO7.SO4 F M 14 kHz 4 30.15 . . . . . . - . - - 
Export lnquirles invited Shipping 53.50 

MICROWAVE MODULES VHF & UHF EQUIPMENTS 
Use your exlstlng HF or 2M rig on other VHFor UHF bands. 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691.137 5224.95 
1296 MHz MMk1296-144 119.95 
4321435 MMc432-28(S) 74.95 
43SATV MMc434Ch x 84.95 
220 MHz MMc220-28 69.95 
144 MHz MMc144.28 54.95 
Opttons: LOW NF (2.0 dB max.. 1.25 dB rnax.), other bands 6 IF'S available 

LINEAR TRANSVERTERS 
1296 MHz 1.3 W output. 2M ~n MMt1296144 5339.95 
4321435 10 W output. (OM ~n MMt432-286) 269.95 
144 MHz 10 w output. 10M !n MMt144.28 179.95 
Other bands 8 IFs available. 

LINEAR POWER AMPLIFIERS 
1296 MHz 10 W output MML129610-L S ask 
4321435 tOOW output MML432-100 399.95 

50 W output MML432.506 214.95 
30 W output MML432-30LS 189.95 

144 MHz 100 W Output MML144-IWLS 254.95 
50 W output MML144.50-S 214.95 
30 W output MML144.30-LS 109.95 
25 W output MML144.25 99 95 

All models inclucb VOX TIR sw~tching. 
"L" models 1 or 3W drlve. others 10W drive. 

Sh~pplng: FOB Concord. Mass. 

ANTENNAS 
420.450 MHz MULTIBEAMS- 
48 Elemenl 701MBM48 15 7 dad 
88 Element 70lMBM88 I 8  5dBd 

144.148 MHz J-SLOTS 
8over 8 Hor pol DW2M 12 3dBd 
8 by 8 Vert pol DB12M.verl 12 3dBd 
8 + 8Tw1st BXYIZM 9 5dBd 

UHF LOOP YAGlS 
1250 1350 MHz 29 loops l296LY 20dB1 
1650.1750 MHz29 loops 1691.LY 20dB1 
Order Looo Yaa! connector extra 

563.40 
76.95 
ask 

544.95 
55.95 

Type N S14.95. SMA $5.95 - - . " 

Sena 406 17 slarnps! !or lull dela11s 01 all your VHF 8 UHF eaulo- 
nlenl ancl KVL Clyslal proaucl requllemenls d l 7 4  - . .- 

TERNATIONAL, INC. 
Post Office Box 1084 

I I WHEN ONLY THE BEST WILL DO.. . 

KR 500 ELEVAllON ROTOR 

THE WORLD STANDARD 

AVAILABLE ONLY THROUGH FULL-TIME AMATEUR DEALERS 

I I 5717 N E 56th SI Phone 2061382-21 32 
Seattle. W a s h ~ n g t o n  98105 TLX DUFF INTLSEA 

Get the news 
As it happens 

its stories 
ummarize 
rtant inter 
L - . . - - - - 
Ire. 

le to West 
surprised 

. . 

Westlink Report i9 your source for information on all 
the late breaking stories in theexciting world of Arna- 
teur Radio. Westlink Report summarizes the news 
that will impact the future of Amateur Radio. Westlink 
dlgs into and gives you the latest from New- 
i n g t o ~  s 's the actions of the FCC, reports on 
the lmpo national news, keeps you fully in- 
formed aDour space and AMSAT news and much, 
much mc 

Subscrib d. 
Don't be i this 
fast paced hobby. . . 

26 issues ju@ $22.50 per year u.s., Canada, Mexico. 
$42.50 per year Air Mail. 

link Repol 
by the lat 

rt today. B 
est develc 

;e informe 
1prnent3-ir 

11119Allegheny Street 
Sun Valley, CA 91 352 

1 I 
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Computer Books 
Commodore 64 and VIC-20 

Commodore 64/VIC-20 Computer Program6 lor Beginners. by Howard 101 Programlng Tip6 & Tricks lor the VIC-20 and Commodore 64. by 
Adler, three-dozen all-new programs pract~cal for home, class- Howard Aoler, collectton of practlcal efflclent program-wrltlng 
room, off~ce. 96 pages, available October. ISBN 0-86668-033-0 hmts. secrets, technrques. shortcuts. easy-to-use rnstructtons. 

S8 95 lncludes 101 ready-to-run programs. 128 pages 
ISBN 0-86668- 030-6 58.95 

VIC-20 and Commodore 64 Computer Program Writing Wwkbwk.by 34 VIC-20 Computer Programs lor Home. School 1 Ollice. by Howard 
Howard Adler, useful collectton of software-wr~t~ng codlng Adler, tested ready-to-type-and-run software for classroom. 
frlrms, graphlcs gr~ds. BASIC ~nst ruc t~on for VIC and Commodore business, home. all new for VIC. Commodore 64. 96 pages. 
64, ISBN 0-86668-81 1-0 54.95 ISBN 0-86668-029-2 $8.95 

TRS-80 Color Computer Apple Computers 
Color Computer Graphics. by Ron Clark. complete guide, loaded 
w ~ t h  lnstructlori how to make the most of v~deo graphtcs. many 
complete programs 128 paqes ISBN 0-86668-012-8 $9.95 

101 Color Computer Programming Tips & Tricks. by Ron Clark. learn. 
by-dolnq ~nstruct~oris hints. secrets, shortcuts. techntques. 
lnstqhts lricludes 101 ready-to-run programs. 128 pages. 
ISBN 0-86668.007- 1 37.95 

55 Color Computer Programs lor Home. School 6 Ollice, by Ron Clark. 
practlcal ready-to-run software w ~ t h  colorful graphlcs. 128 
pages, ISBN 0-86668-005-5 $9.95 

55 MORE Color Computer Programs lor Home. School & Office. by Ron 
Clark, handy cornpanloti volume packed w ~ t h  dtfterent useful 

\type-anOrun software 112 pages, ISBN 0-86668-008-X S9.95 

101 APPLE Computer Programming Tips & Tricks. by Fred Wh~te. 
secrt?ts, filnts ~ n s ~ a k t s  learri-bv-do~na Instruction technlaues. 
~ricl~rdes 101 readvto run proq;ams i ? 8  pages 
ISRN 0 86668 015 ? $8.95 

33 New APPLE Computer Programs lor Home. School & Ollice. by Fred 
Wh~le  practtcat rearfy.to lype.~ri arid-run software 96 pages. 
ISBN 0-86668-016.0 $8.95 
APPLE Compuler Program Writing Workbook. by Fred Wh~te. 96 
pages. 8 112x1 1. ISBN 0-86668-813-7 U.95 

Please add $2.00 for shipplng and handltng. 

SEND TO: HAM RADIO'S BOOKSTORE l o ,  
GREENVILLE, NH 03048 
(603) 878-1 441 1 

34+ dB GAIN FREQUENCY 2.1 to 2.6 GHz 
ABSOLUTELY WATERPROOF 

COMPLETE READY TO INSTALL 
1 YEAR WARRANTY 
'124.95 - INCLUDES: 

TAX - SHIPPING - HANDLING 

SEND CHECK - MONEY ORDER - OR 
CERTIFIED FUNDS TO: 

K & S MICRO ELECTRONICS 
1920 WEST GRANADA 

PHOENIX, ARIZONA 85009 

FOR LOWEST PRICES O N  
QUANTITY ORDERS CALL: 
(602) 253-8605 

INDIVIDUAL COMPONENTS AVAILABLE 

Now you can own the 
Most Accurate Clock 

the easy Heathkit way! 
The most accurate consumer clock ever made! 'Thc Heath GC- 
1000 Most Accurate Clock sets and corrects itself automatically 
by receiving shortwave broadcasts f rom the National Bureau 
o f  Standards. Microprocessor circuitry displays hours, minutes. 
seconds and even tenths o f  seconds. K i t  priced at $249.95. 
Send for complete details toda w i n  the coupon helow. Visa 
and Mastercard orders call T~LL-F%EE: 1-800-253-0570.. 

- 
C------...q - % 

C13LORFUL I 
7 7 CATALOG 

ni \  F R F I  Hc,ithh~t Catalog 
I 

IO(HI Mort Ac'urate Clock I 
and rn.tnk orhcr qu.tlrty clcctrontc httc 

Name 
I 
I 

Apt - I I 

F- - .~ - i """ ZIP 
M A I L  TO: Heath Company. Dept. 122-141 r - - ,  .-.,-.-, " "  

17 
-1 1 cr 7sa Hcnton Harhw. MI 49022 !T 

More  Details? CHECK-OFF Page 108 
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26.8 WATTS 8.93 WATTS 

&----- 

LY----------- 
TRANSMITTER 

WATTS 

L O A D  

buffer your load 
transmitter tuning aid: 

with this resistive network cally equal to R D  in ohms, the different subscripts are 
shown to denote different wattage dissipation. 

The equations relating the maximum value of 
The temporary high SWR often encountered when SWR, which was chosen as 2:1, the characteristic 
tuning up your transmitter and tuning unit can often impedance of the system Rc  of 50 ohms, and the 
lead to disastrous consequences: abnormally high network resistance values are: 

fig. 1. Balanced-T power-resistive network calculated 
values. 

voltages and/or currents can easily damage expen- 
sive equipment, even in only a few seconds. If you 
once, perhaps, pit the variable capacitors of your R A  + (RD)(RB)/(RD + RE) = Rc/SWR 
final amplifier by an arc over, there is very little that 

= 50 /2  = 25 ohms 
can easily be done to repair the damage. In some 
cases, manufacturers have designed automatic cir- Having two equations and two unknowns, the net- 
cuitry that reduces power output when the SWR work is solved using the basic quadratic equation, 
goes up, but this technique offers only limited pro- where: 
tection rather than a basic solution. 

With these concerns in mind, I developed and built 
a dummy load to overcome these problems. All dis- 
cussions and calculations are based upon a 50-ohm 
impedance system, which is common to most of our 
modern transmitters and tuning systems. However, 
the equations can be used for any impedance sys- 
tem, or for any SWR limiting value desired. 

The basic idea is to use a balanced-T resistive net- 
work, with a characteristic impedance of 50 ohms, to 
absorb most of the transmitter power during tune up, 
while still providing sufficient power to allow for 
proper tune up of your transmitter and antenna sys- 
tem. The isolation effect of the network is such that 
it limits your transmitter SWR to a maximum of 2:1, 
even if you were to short out or open the input to 
your tuning unit, which would be the worst condition 
that could develop. 

Fig. 1 shows the basic circuit, along with theoreti- 
cal calculated values of resistance, and wattage dissi- 
pation for a transmitter with an output of 100 watts. 
This figure was chosen for ease of calculation and 
presentation of the developed equations. Although 
the network is a balanced type, so that RA is numeri- 

By William Vissers, K4KI, 1245 South 
Orlando Avenue, Cocoa Beach, Florida 
3923 1 

Again looking at f ig. 1, if terminals X-Y are shorted 
out, the resistance looking in at points A-B is 25 
ohms, so the transmitter SWR would be 50125 = 
2 : l .  If terminals X-Y are left open, the resistance 
looking into points A-B would be 100 ohms, and the 
transmitter SWR will once again be 100150 = 2: 1. 

The characteristic impedance of the network is de- 
termined by these open and short circuit conditions 
where: , 

Rc  = J(R, , , , ) (R0, , )  = 4- = 5Oohms 

All of the original design requirements have been 
satisfied. 

During actual tune up, RL,  the 50-ohm load resis- 
tance, is replaced by the input of the matching unit in 
the circuit in fig. 2. 

From fig. 1, it is seen that the power delivered to 
the load is 33-113 watts, or 113 of the transmitter 
output power of 100 watts at terminals A and B. This 
still provides plenty of power for tune up, yet offers 
an added advantage in that your "tune up QRM" has 
dropped by a factor of (lO)(loglo)(l / 3 )  = - 4.77 d B .  
This reduction will be appreciated by other Amateurs 
on our already crowded bands. 

A few years ago I experimented with building and 
using ordinary two-watt carbon resistors in parallel, 
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ORLllNDO HAMCATION and COMWTER SHOW 

1984 Florida State RRRL Convention 
Some fantastic, downtown location 

NEAR 14 HIGHUAV 50, THE COMPl€KlV 

AIR-CONDITIONED ORLANDO EXPO-CENTRE 
REGISTRATION 85 advance, 87 at door 

under 14 free 
For swap tables, commercial booths, advance 

registration, or information, please send SASE to: 

HAMCATION CHAIRMAN 
P.O. BOX 151 42 ORLANDO, FLORIDA 32858 

HRPG - Practice copy~ng Morse 
Code anytime, anywhere. Whether 

you're upgrad~ng your present license or 
just trying to up your code speed. a large 

assortment allows you to choose exactly the 
k ~ n d  of practlce you need. 

each tape $4.95 2/$8.95 3/$12.95 

CODE PRACTICE TAPES 
HprP are three dlIlerPnt slralqhl code lapes conslstlnq of randomly 
generaled.stx characler groups sent a1 different speeds These tapes 
art= excellenl tor bulldrnq bolh Ihe speed and copylng accuracy needed 
lor contestlnq DXlnq and lrafltc handllng 

'HR-STC1 - $4.95 HR-STC3 - $4.95 
7 5 wpm code lor 25 minutes 25 wpm code tor 70 mlnutes 
10 wpni code tor 75 mlnulps 30 wpm code lor 20 m~nules 
15 wpm code lor 25 mlnures 35 wpm code lor 20 mlnules 

I iHR-STCP - $4.95 40 wpm code lor 70 minutes 

15 wom code lor 50 lntnutes 
22 5 wpm code tor 35 mlnules 

HI/LO SERIES - Code Study Tapes 
In lhls unlque sprles characters are sen1 at h ~ g h  speeds w ~ l h  long 
pauses between each character For example HLC4 115/2 5 wpm) 
C O ~ S I S ~ S  01 characters sen! dl a 15 wpm rate bul wllh 2 5 wpm spat 
Ing between each characler These lapes are excellenl tor Ihe beglnner 
who wanls to pracllce copytnq h~gher speed code w~lhout the lruslra 
llon ot conslanlly gettlng behlnd 

CHR-HLC1 - $4.95 CHR-HLC3 - $4.95 
2 2  5/2 5 wpm code lor 80 minutes 1515 wpm code lor 78 mlflules 

r HR-HLCP - $4.95 1 5 / i  5 wpm code for 28 mtnutes 

(2 5 /5  wpm code lor 20 mlnutes lo wpm 'Ode lor 28 mtnules 
22 5/ 7 5 wpm code lor 20 mlnules r'HR-HLC4 - $4.95 
22 5/10 wpm code lor 20 mlnules 1517 5 wpm code lor 80 mlnutes 
12 5/13 wpm code lor 20 minutes 

Please a d d  $1 for s h ~ p p l n g  

Ham Radio's Bookstore 
Greenville, NH 03048 H 140 

Now you can own this 
Computerized Weather Station 

the easy Heathkit way! 
This easy-to-assemble ID-4001 personal weather com- 
puter gives you up-to-the minute meteorological readouts 
~ncluding timeldate, indoor and outdoor ( F  or C )  tem- 
peratures. wind speed and direction, and barometric pres- 
sure. Past weather data can he recalled with the touch of' 
a button. Kit priced at $399.95. Send Sor cornplctc details 
todav using the 

I Em p F 3 L C n ' - U  - 1 
t r 7 CATALOG 

rcllcl me III\ FRLI t l c . ~ l h k ~ t  Catalog 
I 

fedrurtnp th r  11)-4001 C o m p u t c r l ~ e d  W e d h e r  I 
Stdtlon .ind man) other qual t t r  c l e c t r o n l ~  Lot\ ( 

- I  
Apt  - I 

I 

a ( C ~ t y  

m 
Heathkit 1 

,, Slate ZIP 
i 
I * 

- -- I MAII .  TO: Heath  Company. Dept .  122-142 F . -  = I ci 767 Henton H a r h x .  MI 49022 j ; 
More Details? CHECK-OFF Page 108 
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immersed in oil for a simple 50-ohm dummy load. I 
decided to follow the same procedure used then for 
the final T network, (fig. 21, in this project. M y  earlier 
tests had shown it was possible to use a heat dissipa- 
tion factor of 2.5 as a conservative approach for nor- 
mal tune-up time. To choose resistors, I checked to 
see what was available at my local electronics store, 
and then calculated what was needed to approach 
the theoretical values previously identified. For RA, 
six 82-ohm, 2-watt carbon composition resistors in 
parallel equal 13.67 ohms with an allowable wattage 
rating of (watts per resistor)(number of resistors) 
(derating factor) = (2)(6)(2.5) = 30 wutts, which 
was above the previously calculated value of 26.8 
watts. (The values of resistors specified are shown in 
the parts list of fig. 2.) 

Although the actual network resistance values dif- 
fer slightly from the theoretically calculated values, 
actual tests showed the differences to be insignifi- 
cant in operation. The network is very tolerant of 
small resistance deviations. This means you can 
simply use off-the-shelf items - there's no need to 
handpick resistance values. 

There are other advantages in using the unit. Be- 
cause your transmitter SWR during tune up can 
never go above 2:1 under the worst of conditions 
land even then your reflected power is still only 11 
percent of forward power), your final amplifier out- 
put tuning control positions will be very close to their 
actual positions when you are finally tuned up to a 
perfect SWR of  7: 7. This makes tune up faster than it 
would be if you tried to tune up your amplifier while it 
was connected directly to your matching unit. Under 

Jl.J2 SOZmcom# connllon 
R A  n-onm.2 wall. catbon r.slsfo18 

- 5 p.rc.nlloC~ance (6 n M M )  
R# @ohm. 2 wall, carbon nrcslon - 5 parrsnl lol.rance(8 n s s d ~ )  
Ro 3Sohm.2.w.ll. carbon restrlors - 5 psteent toar.ncs13 needed) 
5 loamp. 250 roll. DPDT legglo rwllch 
1 oUll)p.Int can (.mplr) 
I q u m  ~ranslormrr otl m,mml011, or 

.",OmOblle Ir.nsml,slon .,a 
Cauaon: Tr.nslo,mer ollolvnhnown orlgb 
my conlaln PCBs. a hatardous communL 
Se."PCBs #n lh. nam shaca." ham radbo. 
DsC.mbsr. 1983. page 42 

fig. 2. Completed balanced-T circuit values and place- 
ment in output line. 

Completed balanced-T resistive network. 

the latter circumstances, the operation of tuner and 
transmitter controls is often so complex as to make 
one wish for four hands instead of two, and an extra 
pair of eyes to watch the SWR meter, lest it go much 
over 2: 1. 

Another advantage of the unit is that you can 
switch it from TUNE to TRANSMIT when you are 
tuned up without having to turn off transmitter 
power, the circuit design prevents dangerous switch- 
ing transients from occurring. Finally, because the 
unit is an in-line device, you will not need an expen- 
sive coax switch as might be necessary with a regular 
dummy load. 

Although the design shown was for a balanced-T 
network, an equivalent Pi network with suitably cal- 
culated resistances and wattage values works just as 
well. The technique is also adaptable for high power. 
Actually, my first unit built was a converted home- 
brewed, flea market, 1 kW gallon-sized dummy which 
used a number of vitreous enameled non-inductive 
resistances, similar to the ones manufactured by 
Dale Electronics, Inc., P.O. Box 609, Columbus, 
Nebraska 68601. Although my copy of their catalog 
did not specify the highest frequency at which their 
non-inductive resistors could be used, my old re- 
structured dummy, with similar resistances, worked 
fine down through 10 meters. 

This device has also been thoroughly tested by Russ 
Forsyth, K4YS, under a variety of operating condi- 
tions. His helpful suggestions and comments are part 
of this article. 

publication rights, have 
to Martin F. Jue, President. MFJ Enterprises. Inc.. Box 494, Miss~s- 
sippi State. Mississippi 29762. - Ed~tor 
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OUTSTANDING PERFORMANCE 
with PflC.W.FvANTENNAS 

TA 33 Jr 
Three element 
rotary beam 
aer~al 
10 1520M 
Rated to 3WW 

Two element 
rotary beam 
aerlal 
10 15 20M 
Rated to 300W 

MODEL Pro 37 MODEL TA 32 Jr 

The Pro-37 follows in the Mosley tradition of high performance, dependability, and quality con- 
structlon. The Pro-37 Is predrilled for easy assembly. No adjustments or measuring. Average 
assembly Is about 1% to 2 hours. As with all the Mosley antennas we use stainless steel hard. 
ware throughout. Rugged construction makes our antenna the cleanest, strongest of its class, no 
cluttered elements or boom to cause electrical end mechanical problems down the road. Put it up 
and leave it up. In performances it has no peers ... It is as broadbanded or broaderbanded than any 
antenna made. Its gain and front to back is as good or better than other antennas In its class. even 

new! 
those wlth longer booms. Mechanically we feel it's the best built. Vertical Aerial. 10 thru 40 no band- 

The Pro-37 has 7 elements on a 24 foot boom which needs no boom support. It has 3 wide spaced switching is necessary Very por. 

elements on 20 and 15 not counting the extra driven element. 10 meters has 4 wide spaced table and no pipe mount needed 

elements not counting the extra drlven element. The Pro-37 uses a unique direct feed system MODEL V.4.6 

which enables the driven elements to contribute gain to the antenna, while giving it the broadest 
possible frequency spectrum. Clean design makes the antenna easy to assemble and erect and 
solves maintenance problems. No clutter on the elements or boom. The Pro-37 uses the proven 
Mosley traps whlch on the Pro.37 will handle 2.5 KWDC out on C.W. and 5 KWPEP on SSB. 
We're quite excited about the Pro.37 and we know you w ~ l l  be tool 

Want 40 Meter OX? 
Then Try ... 

BROADBANDED SINGLE ELEMENT 
Can be made into 2 element or 3 element later. 

WANT A HIGH PERFORMANCE TRI.BANDER 
BUT SMALLER? 

THEN THE CL.33 IS FOR YOU! 

3 elements on an 18 ' boom 
Wide spaced for galn higher than normal slze 
TRI.Banders 
Uses our Classic feed system 
Rated at IKW CW and 2KW on SSB 

S 4 0 7  

7-Band SWL/DX Dipole Kit 
for 11.13.16.19.25.31.49 meters - - * -.u --U - -- .. 

FULL SIZE PERFORMANCE WITH 44 ' ELEMENT 
Y - U U - Y  -- 

AND A 20 ' BOOM 
Excellent Galn and Front to Back. Here's a low cost 7.band receiving dipole aerial kil Complete with 

Strongest Built 2 Element on 40 Meters that will pick up those hard-to.get DX stations. 8 Trap Assemblies 

Good Bandwidth. Can be made to 3 element later. Everything included ...I ust attach the wires and Transmiss~on Llne Connector 
you're on the air! Weatherproof traps enclosed ~n Insulators 
Poly.Chem lor stable all-weather performance. 45 It. No. 16 Tinned Copper Wlre 
MODFL SWL 7 100 ft of 75 ohm twin lead 

fl 167 
1344 Baur Boulevard St. Louis. Mo. 63132 1.314-994.7872 1-800-325-4016 

NOW ALL THESE ANTENNAS ARE UPS SHIPPABLE! 





Correct carrier oscillator adjustment, 

good linearity 

and the proper microphone 

make the difference 

better-sounding SSB 
I f  you want  your SSB transmit audio to sound 
like your voice, this article was written for you. 

I have never accepted the notion that good audio 
died with AM. After all, isn't SSB just AM with two 
of the unnecessary parts removed? The question is, 
why doesn't SSB audio give you good audio quality 
all the time? Armed with some electronic test equip- 
ment and a yearning for nice sounding audio, I set 
out to find the answers. 

The results of my research indicate that three cri- 
teria must be met to achieve transmit audio quality 
that compares favorably with AM: the first is smooth 
frequency response; the second, a wide enough 
passband or "window" to be able to include most of 
the important frequencies in a human voice; and 
third, distortion should be low enough so that the 
voice does not sound rough. 

generating SSB 
In most SSB transceivers the mixing of the voice 

(audio) frequencies and the RF takes place in a 
balanced modulator. The balanced modulator is real- 
ly a mixer that combines the audio and RF together. 
However, mixing is not an accurate way to describe 
the process, since the output is the sum of the audio 
frequency and the RF, or carrier frequency, and the 
difference of the audio frequency and the carrier fre- 
quency. (The name "mixer" should probably have 
been "adder-subtracter.") The sum output is upper- 
sideband (USB). The difference output is lower-side- 
band (LSB). Since both USB and LSB come out to- 
gether on the sole output terminal, the result is 

double-sideband (DSB). Because of the balanced de- 1 sign of the modulator, neither the audio nor the car- ' rier oscillator (input) signals should appear in the 
output. 

It is important to remember that USB is always an 
addition process, and that LSB is always a subtrac- 

1 tion process. For example, with a carrier frequency 
I of 10,000,000 Hz and an audio frequency of 440 Hz, 
1 the USB output is 10,000,440 Hz and the LSB output 

is the difference or 9,999,560 Hz. If a second audio 
I frequency were also fed into the balanced modulator 

along with the 440 Hz signal, then two frequencies 
I would appear on USB and two frequencies would 

appear on LSB. If 1000 Hz were included with the 
440 Hz signal, the USE would contain two frequen- 
cies: 10,000,440, Hz and 10,001,000 Hz. LSB would 

I also contain two frequencies: 9,999,560 Hz and 
9,999,000 Hz. When a voice is applied to the input of 
the balanced modulator, the output becomes more 
complicated, since a human voice contains many fre- 
quencies, but the additive and subtractive processes 
still apply. 

producing just one sideband 
The most popular system of selecting only one 

sideband incorporates a filter to reject the unwanted 
sideband and pass the desired sideband. It is com- 
mon practice to use only one filter for both side- 
bands. In order to do this, two different carrier oscil- 

By Richard L. Measures, AGGK, 6455 La 
Cumbre Road, Somis, California 93066 
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fig. 1. A typical 2400 Hz SSB filter with carrier oscillator 
frequencies set 300 Hz from filter window edges. 

can the audio signal go without missing the filter win- 
dow. This is an important consideration because 
human speech contains high frequency sounds that 
are made by using the tongue to direct airflow 
against the teeth. This group of sounds, known as 
sibilants, includes S, soft C, F, and H. To do real 
justice to human speech, the window should allow at 
least 2800 Hz to pass. Allowing only 2500 Hz to pass 
makes a noticeable difference in the clarity of the 
sibilants. If a standard 2400-Hz wide filter is used, 
then the opposite side of the window is 2400 Hz 
away from the edge of the filter where the frequency 
generated by the 300 Hz audio signal would pass 
(fig. 1).  The highest frequency audio that could pass 
without falling out of the window would be 300 plus 
2400 or 2700 HZ. This audio would be acceptable, but 
would have more sibilance if the carrier frequency 
were moved 100 Hz farther from the filter window 
edge. This would move the audio passband from 400 

lator frequencies are used. On USB the carrier oscil- Hz to 2800 Hz. This audio would be pleasing to most 
lator is placed about 300 Hz lower than the low fre- people with normal hearing. If a wider filter window 
quency edge of the filter window. Since USB adds were used - 2700 Hz - the audio quality would 
the voice and carrier frequencies, the sum will be sound even better, since the carrier oscillator fre- 
higher than the carrier frequency and any audio fre- quency could be reset so that the full range of impor- 
quency of 300 Hz or more will create USBs that can tant human speech frequencies - 300 Hz to 3000 Hz 
pass through the filter window. On lower sideband, - could pass through the 2700 Hz window. 
the carrier frequency is placed about 300 Hz above 
the upper edge of the filter. Since LSB subtracts the linearity 
audio frequency from the carrier frequency, an audio If the audio sounds rough and splatters on other 
frequency of 300 Hz would just reach the upper edge frequencies, then linear operation is not occurring. 
of the window. In either case an audio frequency of The human ear can detect low levels of distortion. 
200 Hz would be mostly rejected since it could not Some musicians can hear less than one part distor- 
add or subtract enough to each carrier frequency to tion in 10,000. That is -40 dB. I don't notice on-the- 
reach the window. If the carrier oscillators were reset air distortion if it is - 38 dB or better. If a station 4 
to a point 200 Hz from the edges of the window, then kHz down the band has a 30 dB over S9 signal and 
200 Hz would produce a signal that will pass through his distortion products are down only 30 dB, you are 
the window. It is important to remember that the going to see close to S9 splatter on the window you 
audio frequency itself does not pass through the win- are listening to. 
dow. The signals that pass through the filter are at a Most of the radios on the market today are fairly 
radio frequency, usually around 9 MHz. These sig- clean. The cleanest by far are those with vacuum 
nals are offset from the carrier frequency by the tube finals employing RF negative feedback. If 
audio frequency. In order to receive SSB, the signal operated conservatively, some of the solid-state 
is combined with the same carrier frequency in the radios can also deliver a clean sound. 
receiver as was used originally in the transmitter. The On my solid-state transceiver I was able to achieve 
combining is done in another mixer called a product -40 dB distortion products on my voice, but only 
detector which produces audio output. This is the re- after carefully setting the driver and final transistor 
verse of the process that began in the balanced mod- idling current to the values called for in the service 
ulator. manual. I could only maintain the -40 dB distortion 

level if I kept the ALC level in the bottom quarter of 
what voice frequencies are needed? the ALC scale. If I tried to operate with the ALC at 

In the above example with the carrier oscillator fre- the top of the "safe" range, the distortion increased 
quencies set 300 Hz from the upper and lower fre- by a factor of nine. 
quency edges of the filter, it was shown how a 300 This test does not apply to the common two-tone 
Hz audio signal would just reach the filter window. method of measuring distortion. A human voice is 
The next point to consider is how high in frequency much more complex than two tones and provides a 



more accurate and severe performance test. Blowing 
into three holes of a harmonica also works well. 

The mechanism of non-linearity is essential if a 
mixer is to do its job of adding and subtracting. In an 
amplifier, non-linearity means that the amplifier is go- 
ing to do some unwanted adding and subtracting of 
any two or more frequencies fed into the amplifier in- 
put. Human voices have many frequencies. If the lin- 
ear amplifier is not linear, there will be more frequen- 
cies, and some of them are likely to land on someone 
else's conversation on a nearby frequency. 

measuring distortion 
Distortion can be measured with a separate re- 

ceiver, provided it has an S-meter of known accur- 
acy. The linearity of the S-meter is the essential fac- 
tor in making this test. The number of microvolts that 
equals S9 does not matter. Use a short clip-lead for 
the receiver antenna and a 20 dB attenuator. Tune to 
the frequency on which you are transmitting and 
watch the S-meter while you speak into the micro- 
phone. Note the S-meter reading and retune the re- 
ceiver either 4 kHz above or 4 kHz below the trans- 
mitter frequency. Speak again and note the S-meter 
reading. The dB difference is your distortion level. A 
reading of - 40 dB is excellent. A reading of - 30 dB 
is not quite anti-social, but -20 dB is definitely in the 
"skunk" category. The all-time record worst distor- 
tion I have witnessed was - 9  dB - this is not the 
way to win friends. Measuring distortion as described 
works best on your own transmitter. It is possible to 
use the same method on the air to measure someone 
else's distortion, but fading signals can make meas- 
urements inaccurate. To do this, a real antenna is 
more useful than the clip lead. I recommend 4 kHz 
spacing to ensure that your receive window does not 
appreciably overlap the other operator's transmit 
window. If the windows touch, the measurement will 
mean nothing, since you won't be able to separate 
the distortion from the desirable audio frequencies. 

design defects 
During my first SSB experiments I was amazed to 

learn that listeners could detect a small change in 
flatness of frequency response. If your transmitter 
has a 3 dB loss at the high end, the lack of sibilance is 
noticeable. Many of the modern rigs on the market 
today have a built-in rolloff of the high frequency 
transmit and receive audio. The amount of high fre- 
quency (treble) rolloff varies from 4 dB to 10 dB in 
the rigs that I have measured. Usually the receivers 
have the more uneven audio response. 

The usual culprit in the transmitter section can be 
found at the collector of the microphone amplifier. In 
my transceiver there was a 0.015 microfarad capaci- 

tor from the collector to ground. About 60 percent of 
my 2900 Hz audio was going to ground at this point. I 
replaced this with a 0.001 microfarad capacitor and 
the treble passed through unscathed. Since the pur- 
pose of this capacitor is to prevent your own RF from 
getting into your audio, a non-inductive capacitor 
such as a disc ceramic type is advised. 

I noticed that the high frequency audio in my re- 
ceiver seemed attenuated. My test equipment con- 
firmed a 9.5 dB rolloff at 2900 Hz. This meant that 
11.2 percent of the audio was making i t  to the speak- 
er at that frequency and that 88.8 percent was not. 
The culprit in this case was a large-value capacitor at 
the output of the product detector. The value used 
was 0.033 microfarad. This capacitor had a reactance 
of only 1600 ohms at 2900 Hz. The audio impedance 
of the product detector was about 5000 ohms. Shunt- 
ing a 1660 ohm capacitor to ground is bound to be a 
spoiler. The purpose of this capacitor is to let the 
audio pass and to suppress the RF energy. Again the 
capacitor is necessary - but the value must be picked 
with some prudence. (Bigger isn't always better.) I 
changed the capacitor to 0.0033 microfarad. The 
audio sparkled. Voices were easier to understand. 

microphones 
Anyone who reads the advertising for micro- 

phones knows that you need a special microphone 
for SSB. It sounded reasonable to me, so I bought 
two microphones with lots of "punch." One was a 
crystal element type. The other microphone had a 
rising response dynamic element. Both microphones 
had more highs than lows - just the ticket to "get 
more DX." I also owned a flat response electret con- 
denser microphone. 

Early one winter morning I was working a DX sta- 
tion on 80 meters. I asked the DX station if he would 
listen to three different microphones and select the 
one that was easiest to copy under adverse condi- 
tions. I tried microphone number 1, number 2, and 
number 3. The microphone that produced the best 
copy was microphone number 3 - the condenser 
microphone - and the same microphone my local 
friends preferred to listen to. To be sure, this was 
only one test, but it certainly cast doubt on the tra- 
ditional view of what it takes to be understood on 
SSB. Perhaps we don't really need to sound like 
ducks after all. Many amateur radio transceiver 
manufacturers now offer condenser microphones. 
Most of the microphones worn by television news- 
casters are of this type. 

adjusting the carrier oscillators 
The most important adjustment in an SSB trans- 

ceiver is the carrier oscillator. This adjustment sets 

60 February 1984 



I 8 T 

1 1  1 1  

KANTRONICS SOFTWARE 
Hamsoft. TM Hamtext, TM and Amtorsoft TM i 

-- 
I 

I 
F 
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and total computer communicatlons systems with our 
origlnal program, HAMSOFT. With five-computer compat- 
lbllity and reasonable prices HAMSOFT has become the in- 
dustry standard. HAMSOFT Includes split screen display, 
type ahead buffer, message ports, and complete key- 
board control for Morse Code, Radioteletype, and ASCII 
communicatlons. With THE INTERFACE or INTERFACE I I, 
HAMSOFT can make any of five computers a complete 
amateur communications terminal. All programs are on a 
ROM board, except the Apple diskette. 
VIC-20 - $49.95, ATARI - $49.95, APPLE - $29.95, 
TRS-80C - $59.95, TI-99/4A - $99.95 
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HAMTEXT is our advanced CWIRTTYIASCII program 
for the VIC-20. COMMODORE 64. and APPLE ComDuters. - I ~. - - 

i i ~ ~ ~ l i f g i v e s  you the ability'to store incoming mes- 
sages in the computer's memory, transmit files directly 
from tape or disk, and use your computer to its f~l lest  
potential. Features like Diddle, Time Transmission, Text 
Transmission. Printer Out~uts. and Word Wraparound, I-- 
make HAMTEXT the prognm for the serious amateur. 
HAMTEXT was created with Input from our users as 
guidelines. and with total use of the computer in mind. 
suggested Retall . . . . . . . . . . . . . . . . . . . . . . . . . . $99.95 1 
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On January 27th, 1983, AMTOR, Amateur RadioTele- 
type Over Radio, became a legal mode for the amateur 
service. AMTOR is an essentially error-free radiotele- 
type form of communication. AMTORSOFT, Kantron- 
ics' newest software package, gives your computer the 
ability to become an AMTOR communications terminal 
when used with The Interface or interface I I. AMTOR- 
SOFT is currently available for the Apple, VIC-20, and 
COM-64 computers. AMTORSOFT brings you the newest 
In computer-amateur communications at an afford- 
able price. 
Suggested Retall . . . . . . . . . . . . . . . . . . . . . . . . . . $89.95 -- - - -  , , I 

For more information see your Kantronics dealer, or contact: 
L2Kantronics 1202 E. 23rd Street Lawrence, KS 66044 
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the position of the audio frequency window on both 
RECEIVE and TRANSMIT. The only test equipment 
needed is a common audio generator that can be ad- 
justed for a few millivolts and an RF wattmeter- 
dummy load. Connect the generator to the micro- 
phone input. Adjust the audio frequency for 1000 Hz. 
Set the level at a value that is about half of the max- 
imum output power - for example, 40 watts. Adjust 
the generator higher in frequency until the wattmeter 
reads one quarter of the wattage produced when the 
audio frequency was 1000 Hz. This 25 percent power 
point is the minus 6 dB rolloff. Move the audio fre- 
quency lower until the power drops to 25 percent 
again. All of the frequencies between these two 
audio frequencies comprise your transmit window. If 
you find that your high frequency term is less than 
2800 Hz at the rolloff point, your carrier needs to be 
moved farther away in frequency from the filter win- 
dow. The low frequency rolloff should be 300 Hz or 
higher, but not above 400 Hz or it will sound thin (or 
tinny). If you are using a 2000-Hz wide filter you have 
a problem unless you want to sound likea 1910 model 
telephone. Wider filters are available for many rigs, 
direct from the manufacturer. I bought 2700 Hz filters 
for both of my transceivers. 

Some people believe that a wider filter will impair 
reception because of increased splatter from adja- 
cent stations. Most of the splatter on the ham bands 
is due to distortion products coming from the other 
fellow's transmitter; distortion products such as 
these can never be eliminated with a receive filter 
because the distortion is on the same frequency as 
the station you are trying to listen to. 

There are devices on the market that will correct 
for a slight loss in treble transmit response caused by 
a 15-cent capacitor being the wrong value. But if the 
carrier oscillator is misadjusted, these devices will not 
be effective. For example, if the carrier oscillator is 
set so that the high frequency rolloff is 2200 Hz, the 
SSB filter is going to have the last word on what gets 
through. Boosting the treble with an accessory can 
make the problem less noticeable, but will not restore 
the high frequency rolloff to 2800 Hz as it should be. 

Carrier oscillators can also be adjusted by ear. The 
rule is to simply set it to where it sounds good. While 
this may take a little longer than it would using test 
equipment, the method works. The only problem lies 
in finding a listener who is not afraid to tell you what 
you really sound like so you can know which way to 
move the adjustment. Some people don't want to 
hurt your feelings; they don't like to give a "bad" 
report. 

Clean audio is a pleasure to listen to on the air, and 
rotten, splattering audio is a blight on the bands. 

ham radio 
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ham radio 

the groundplane 
loop antenna 

Every once in a while an interesting 
antenna comes along that causes me 
to ask, "Why didn't I think of that 
idea?" A case in point is the ground- 
plane loop antenna described by 
Hans Wuertz, DL2FA, in cq-DL, the 
monthly publication of the German 
Amateur Radio Club. An English 
translation of the pertinent data on 
the loop was recently published in 
Radio Communication, the journal 
of the Radio Society of Great Britain 
(RSGB). 

The basic configuration of the 
DL2FA loop is shown in fig. 1. The 
design is a half of a full-wave loop 
antenna with the other half formed by 
the ground image. With a 0.2 wave- 
length half-loop for the lowest oper- 
ating frequency, DL2FA claims that 
the antenna can be tuned to cover a 
2-to-1 frequency range (3.5 to 7 MHz, 
for example). 

Even though the radiation resis- 
tance of the antenna is low, the effi- 
ciency of the antenna is excellent, 
and at 3.5 MHz the field strength is 
only 2 dB less than a full-size quarter- 
wave vertical antenna. At 7 MHz, the 
field strength is within 0.5 dB of a full- 
size vertical. 

To achieve low loss, the loop and 
ground return are constructed of 
318-inch (approximately 10 mm) di- 
ameter copper tubing. The copper 

L E N G T H ' O Z  r 
FOR W W E S T  FREWENCY 

fig. 1. The DUFA groundplane loop with 
gamma match feed. Tap point is approx- 
imately 0.04 wavelength. Ground return 
tubing is soldered to ground screen. 
Semicircle length is 27 feet 6 inches for 
80-40 meter operation. 

tubing that runs along the surface of 
the ground is soldered to a ground- 
plane or mat made of chicken-wire 
(size not specified). 

Measured data for the groundplane 
loop is tabulated in table 1. 

FlBS revisited 
A few years ago 80-meter oper- 

ators in southern California and 
Arizona were surprised to hear one of 
the rarest broadcasting stations in the 
world: the Falkland Islands Broad- 
casting Station operating on 3.958 
MHz. The signals would appear on an 
otherwise dead band in the late after- 
noon hours for a few moments and 
then disappear. The signals seemed 
to peak in the spring and fall. 

Reports indicate the station is be- 
ing heard once again. It seems that 
they are using single sideband with 
carrier, with the audio present on the 

upper sideband. Reception reports on 
this unusual station would be appre- 
ciated. The programs consist mostly 
of pop and disco music with BBC 
news on occasion. 

It is thought that the FlBS prop- 
agation into the Northern Hemi- 
sphere is by other than normal ion- 
ospheric reflection. One theory is that 
the signal (and other DX signals near 
that frequency) may be propagated 
by a "whistler" path which extends 
into outer space far beyond the 
ionosphere. 

a simple 50 to 75 ohm 
RF transformer 

Shown in fig. 2 is a simple high- 
frequency transformer that provides 
wideband transformation between 50 
and 75 ohm unbalanced lines. The 
design is by JAlAKP, and appeared 
in a recent issue of CQ-ham radio 
(Japan). The transformer is wound 
on a FT-114 ( p  = 125) No. 61 ferrite 
core (Amidon FT-114-61) having an 
outside diameter of 1 .I42 inches and 
an inside diameter of 0.75 inch. A tri- 
filar winding of No. 18 wire is used, 
with two coils having 8 turns and one 
coil having 4 turns. 

A 100 pF mica capacitor to ground 
is placed at the junction of the two 8 
turn coils and a 10 pF capacitor to 
ground is placed at the 75 ohm port. 
The units are 500 volt rated. The 
balun is designed for 3.5 to 30 MHz at 
the 100 watt average power level. 
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ANTENNA SALE - - - . - - - - -- - - 

HYGAIN - -  TOWERS - BUTTERNUT - - - - . - - - 
HC37SS $ 649 HF6V $109 
HC52SS $ 919 KLM 
HG54HD $1429 KT34A $299 
HC7OHD $2339 KT34XA $449 
HCSOMTS $ 749 144-148LBA S 69 
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TH2MKS $138 
18AVTIWS $ 94 
18HTS $335 
V2S S 37 
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BEAM ANTENNA HANDBOOK 
by Bill Orr ,  W6SAI 

Recomrliended reddlnq (.onimonly asked questions l ~ k e  What IS the best 
element spac~ng? Can d~lterent yagl antennas be stacked without loslng 
perlormance? Do monoband beams outpertorm Irlbanders7 Lots 01 COnStrUC- 
tlon projects, d~agrams and photos 198 pages 1977 1st edlt~on 
URP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr ,  W6SAI 
Learn how to bu~ld slmple economical wlre antennas Apartment dwellers 
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to use them, and new Inlormallon on the popular Sloper and Delta Loop 
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ence The Radio Amateur Antenna Handbook will make a valuable and often 
consulted reterence 190 pages gr 1978 
URP-AH Softbound $7.95 
ALL ABOUT CUBICAL QUAD ANTENNAS 4 1 by Bill Orr.  W6SAl I 

I The rub~ra l  quad antenna IS considered by many to be the best OX antenna 
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I 
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ancient modulation 
Since the late 1950's single side- 

band has reigned supreme on the 
Amateur bands. Users of amplitude 
modulation ("ancient modulation") 
have been greeted with derision and 
have gradually retreated to obscure 
regions of 160 and 10 meters. Many 
newly-licensed Amateurs have never 
heard an AM ham signal! 

While Amateurs may pride them- 
selves that sideband has provided 
them with a quantum leap ahead in 
communications reliability, they may 
forget that amplitude modulation is 
still the prime communication me- 
dium in the world. After all, the 
broadcast band is full of A M  signals, 
and there are a lot of them! 

Generally speaking, while the quali- 
ty of Amateur SSB voice transmis- 
sion has deteriorated," the quality of 
A M  transmission has improved. The 
modern term for broadcast quality is 
"transparency" - the transmitting 
system must be "transparent" with 
regards to the modulating signal. 

While much thought and ingenuity 
have gone into AM transmission in 
the last decade, most of it has by- 
passed the Radio Amateur. New 
techniques, such as high-level pulse- 
duration modulation, A M  stereo and 
audio processing are unknown in the 
ham bands, but noise reduction sys- 
tems, equalizers, delaylreverb ef- 
fects, level controllers, low frequency 
extenders and other processing tech- 
niques are routinely used by AM 
broadcasters to make their audio 
more realistic and outstanding. 

On the receiving end of the line, 

long string) actually sounded quite 
pleasant, and some signals sounded 
downright natural! 

I then wondered what my trans- 
mitted audio quality was like. I put a 
good audio generator into the trans- 
mitter and looked at the audio signal 
as it entered the balanced modulator. 
I didn't like what I saw. Any resem- 
blance to a sine wave was minimal. 

It was no job at all to add a feed- 
back resistor and to change another 

- resistor in the low-level audio stages 

fig. 2. Wideband transformer to match 
50 ohms to 75 ohms over the range of 3.5 
to 30 MHz. Amidon FT-114-61 (or equiv- 
alent) core is used. Trifilar winding of 
No. 18 wire consists of two coils of 8 
turns and one coil of 4 turns. See text for 
further details. 

even the less expensive clock-radio 
combo receivers have audio systems 
that make the average ham receiver 
blush with shame. 

Even though most ham signals are 
"strained" through a narrow-band IF 
filter, there is no reason why the rest 
of the receiver should be below par as 
far as audio quality goes. 

Recently I put a little audio feed- 
back around the output stages of my 
trusty ham receiver, replaced the 19- 
cent ( ? I  output transformer with one 
that had some iron in it, and ran the 
whole works into a spare stereo 
speaker. My goodness! I didn't re- 
cognize the sound of the ham bands! 
A lot of signals (whose operators 
previously sounded as if they were 
talking into a tin can at the end of a 

table 1. Groundplane loop dimensions and performance data. (Courtesy of Radio 
Communication, published by the Radio Society of Great Britain and available from 
Ham Radio's Bookstore, Greenville, New Hampshire03048.) 

comparison 
C1 bandwidth efficiency with 114 wave 

band semicircle length (pFI ( - 3  dB points) O h  (MHz) vertical 

3.5- 7.0 27ft 6 in  (8.4rn) 332 5.7 kHz 70 13.5) - 1.91 dB 
to 67 kHz 96 (7.0) -0.55dB 

7.0 - 14.0 13 f t  gin 14.2 rn) 184 11 kHz 77 17.0) - 1.52dB 
to 147 kHz 97 (14.0) - 0.50 dB 

14 - 28 6 f t  l o i n  (2.1 rn) 102 24 kHz 83 (14.0) - 1.22 dB 
to 323 kHz 98 (28.0) - 0.47 dB 

to make the waveform look very pass- 
able. Now, what came out of the ex- 
citer audio system bore a close simi- 
larity to what went in. 

At this stage I stopped as I became 
bogged down into an interminable 
discussion of microphones wi th 
friends who knew a lot more about 
them than I did. The consensus was 
that the best way to improve audio 
quality was to throw away the micro- 
phone that came with the exciter and 
buy a good one! Without exception, 
all of my friends who had particularly 
pleasing and "punchy" signals on the 
air had replaced their standard trans- 
mitter microphones with different 
(and more e~pen,;.~fi) units. 

So there it is. The "ancient mod- 
ulation" techniques of 1984 and the 
techniques used by up-to-date broad- 
casters certainly have some merit for 
use in the Amateur bands. Which of 
these new techniques should we ex- 
amine? I throw the column open to 
discussion from the readeis. (What's 
the input from hams who work in 
broadcasting? I'd especially like to 
hear from you. ) 

staggered stacking 
It is common practice in the VHF 

bands to stack two or more high-gain 
Yagi beams to obtain increased gain. 
Adjustment of the stacking distance 
can improve sidelobe reduction of the 
array. 

Experiments conducted by G. J. 
McDonald, VK2ZAB, and reported in 
the Australian magazine Amateur 
Radio, indicate that an improved 

*See "better sound~ng SSB," page 58 - Ed~tor 
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/ fig. 3. The VKPZAB array employing ( 
staggered stacking. Bottom Yagi is ad- 
vanced one-quarter wavelength in front 
of upper array and extra quarter wave- 
length is added to the phasing line. 
Front-to-back ratio is improved by this 
modification. 

front-to-back ratio in a Yagi stack can 
be achieved by staggering the anten- 
nas. That is, the bottom Yagi of each 
vertically stacked pair is advanced 
one-quarter wavelength on its mount- 
ing so that it projects one-quarter 
wavelength in front of the upper array 
(fig. 3).  The phase lead in the for- 
ward direction is cancelled by adding 
an extra quarter wavelength to the 
phasing harness connected at the 
bottom Yagi, thus insuring that the 
current to  both arrays arrives from 
the feed junction in phase. 

Signals arriving at the rear of the 
array are subject to a 90-degree lag by 
virtue of the position of the bottom 
Yagi relative to  the top one, plus the 
additional 90-degree lag caused by 
the extra length of phasing line. 

Results? Wi th  a conventional stack 
of two  Yagis, the measured front-to- 
back ratio was about 12.5 dB. The 
staggered stack provided a front-to- 
back ratio of  24 dB, for an improve- 
ment of  11.5 dB. And that is equiva- 
lent to  about 2 "S" units - enough 
t o  make the difference between just 
be ing able t o  copy  a DX signal 
through QRM from the rear of the 
array and copying it comfortably! 

Final measurements showed the 
staggered stack had about 0.25 dB 
more gain than the  convent ional 
stack and also reduced the sidelobes 
to  some extent. 

ham radio 
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VHF meteor scatter 
communications 

Sporadic meteor activity 

improves reliability 

Meteors are space junk - typically, small bits of 
stone or metal from a passing comet, or perhaps left- 
overs from the formation of our solar system. 

When a meteor enters earth's atmosphere it al- 
most always burns up. Its violent passage produces 
heat, light, and an ionized trail of gases in the upper 
atmosphere which reflect or reradiate radio signals, 
an effect known by those who observed the return of 
American astronauts from space. Not long ago, the 
crews of the space shuttle Columbia lost contact 
with the ground for several minutes during reentry 
because of the reflective properties of ionized gases 
created by the tremendous heat of reentry. 

A few Amateurs have taken advantage of these 
ionized trails to communicate beyond the VHF hori- 
zon, using various modes of transmission. Until now, 
however, communications using the reflective and 
refractive qualities of meteor trails have been re- 
stricted to periods of stream or shower meteors, be- 
cause only these periods provide a level of ionization 
high enough to support two-way communication us- 
ing Morse code or voice modes. 

Once again the Amateur community stands on a 
technological frontier, for with the aid of today's 
microprocessor systems, some of the more than 100 
million meteor trails that occur daily can be used 

even though their peak reflective trail lasts only 
several milliseconds. 

Perhaps the most appealing aspect of the meteor- 
burst concept is the use of bands "closed" to normal 
communication because of poor conditions. Sporad- 
ic meteors occur 24 hours a day, 365 days a year. 
This means you need not store that 6-meter rig in the 
closet during minimal sunspot activity; you can go 
right on using it to communicate in a new way using 
new transmission techniques. 

shower and sporadic meteors 
Ionized paths created by the passage of sporadic 

and shower meteors allow two-way radio commun- 
ication by returning a portion of the signal to the 
earth much the same as the ionosphere does at fre- 
quencies below 30 MHz. Current Amateur meteor- 
scatter operations take place mainly during large 
meteor showers. These predictable showers are 
composed of meteors large enough to cause trails 
lasting several minutes; the trails are long enough to 
allow operating techniques to take place at humanly 
controllable speeds. 

Meteor showers or stream meteors occur at pre- 
dictable times during the year (see table 1 and fig. I ) ,  
with peak activity during June, July, August, and 
December. Communication using the shower me'te- 
ors is a VHF speciality in the same class as using 
sporadic E, tropospheric scatter, and ducting condi- 
tions. (In contrast, the sporadic meteor-scatter user 
need not be concerned with meteor-shower sched- 
ules or optimum direction calculations.) 

Because they appear to radiate from certain points 

By Lloyd Vancil, A17J, 520 Del Sur Way, Ox- 
nard, California 93030 
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in the sky, meteor showers are usually named for a 
constellation visible nearby: for example, the 
Geminids appear to come to Earth from the con- 
stellation Gemini. As the constellation moves across 
the sky, communication is established and main- 
tained by keeping the antenna trained on Gemini as 
the Earth rotates. 

Unlike shower-borne stream meteors, sporadic 
meteors bombard the earth's atmosphere constantly. 
An average of 100 million meteors large enough to 
leave an ionized trail enter the earth's atmosphere 

daily. The usable trails occur at an altitude of 50 to  75 
miles (80 to 120 kml and must last more than a few 
hundred milliseconds (table 2) in order to be usable. 

Sporadic meteors are the small meteors charac- 
terized by the "ping" noise heard by VHF DXers - 
hence the name, "ping jockey." Sporadic meteors 
are the ones used to communicate over distances up 
to about 1000 miles (1600 km) by relatively new data 
acquisition systems.' 

Although sporadic meteors appear continuously, 
their most intense activity is between 0400 and 0800 

table 1. Meteor shower data for 40 degrees north latitude. Peak days, meteor velocities, and hourly rates are given, in  
that order, under shower name. 

shower and date 
(peak date) optimum antenna 
(velocity) t imelpath offset 

(rate) (local standard) direction 

January 1-4 0220-07401 NW-SE SW 
QUADRANTIDS 0740-09001 E-W S 
Jan. 3,42km/s 0900-1430/NE-SW S E 
501hr 

May 1-6 0410-0630lNE-SW NW 
ETA AQUARIDS 0630-0830lE-W N 
May 4,64krn/s 0830-1050lNW-SE NE 
151 hr 

June 1-15 0515-07451 N-S W intense daylight 
ARlETlDS 0745-09201 N E-SW NW shower, but mostly 
June 7-8,39krn/s 0920-1015lE-W N small particles 
60lhr 1015-1155lNW-SE N E 

1155-1425lN-S E 

July 26-31 0100 INE-SW NW 
DELTA AQUARIDS 01 00-0330/ E-W N 
July 29-30, 43km/s 0330 INW-SE NE 
201hr 

August 10-14 2330-04301 N W- S E SW 
PERSEIDS 0430-07301 E-W S 
Aug. 12-13.61km 0730-1230lNE-SW S E 
50/ hr 

October 18-23 0015-0145lN-S W 
ORIONIDS 0145-0350INE-SW NW 
Oct. 21-22, 67krn/s 0350-05001E-W N 
20lhr 0500-0710lNW-SE NE 

0710-08401 N-S E 

November 14-18 0200-04301 N-S W Periodic, spectacular 
LEONIDS 0430-06001 NE-SW NW every 33 yrs; poor in 
Nov. 16-17. 72km/s 0600-0700/ E- W N between. Next peak in 
10/hr 0700-08401 NW-SE NE 1999. 

0840-11001N-S E 

December 10- 14 21 15-0100/N-S W reliable, many large 
GEMINIDS 0100-02001NE-SW NW particles 
Dec. 12-13, 35km/s 0200-02301 E-W N 
60lhr 0230-03301 NW-SE N E 

0330-0715lN-S E 

December 21-23 2200- 16001 E- W S 
URSIDS 
Dec. 22, 35krnls 
13lhr 

notes 

intense, but lasts 
only several hours 

reliable; many 
large particles 
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hours, local time, because this is the time when the 
local sector turns toward the direction of the Earth's 
travel through space. This is a solar system event, in 
that the occurrence is approximately the same at 
local time at any point on the Earth - just as 
daybreak or moonrise. 

The peak in daily variation in sporadic meteor ac- 
tivity occurs when a sector of the Earth's surface 
becomes the "leading edge" of the planet's progress 
through space, effectively "leading" the sweep of 
the planet through space. 

A . , .  A a , .  
0 
L J * . I . . L  -,.. .I 

fig. 1. Normalized meteor activity by month. 

From late afternoon through early evening, the 
"leading-edge" portion of Earth's surface changes to 
the "trailing edge;" only those meteors traveling fast 
enough to catch up are caught in Earth's gravitation- 
al field. Of these, only some will produce a usable 
trail. The late afternoon events are much further 
apart and meteors move much more slowly relative 
to the Earth's surface, resulting in greatly increased 
waiting time between usable paths (fig. 2). 

Because the number of usable sporadic trails 
varies on an annual and daily basis, astronomers 
have concluded that sporadic-meteor materials are 
spread fairly evenly throughout the solar system, but 
confined to the plane that intersects the planets. 

history 
Mankind has been aware of meteors - so called 

"shooting stars" - since his first view of the night 
sky. The radio disturbance caused by meteors is a re- 
latively recent discovery; Skellett,2 in 1932, was the 
first to link an increase of noise in a receiver to the 
passage of meteors through the atmosphere. Allen3 
studied the meteor-scatter propagation of signals 
from an FM transmitter at Paxton, Massachusetts, in 
1934. In this work, he identified both the shower and 
sporadic types of meteor trails. Virtually all ad- 
vances in the field to date are based on his and 
Skellett's works. 

The feasibility of meteor-burst communications 
was first tested by the National Bureau of Standards 

table 2. Order of magnitude estimates of the properties of sporadic meteors. 

number of this ! 
mass or greater electron line density 1 

mass 
(grams) 

particles pass 
through the 
atmosphere and 
fall to ground 104 3.15in 

Particles totally 1 03 
disintegrated in the 102 
upper atmosphere 10 

1 
10 1 

10 2 

10 3 

10 4 

10 5 

Approximate limit 10 6 

of radar 10 7 

measurements 10 8 

swept up by the (electrons per meter 
radius earth each day of trail length) 

(4 cm) 
(2 cm) 

(0.8 cm) 
(0.4 cm) 
(0.2 cm) 
(0.08 cm) 
(0.04 cm) 
(0.02 cm) 

(80 MICRONS) 

(40 MICRONS) 
(20 MICRONS) 
(8 MICRONS) 

Note: lnformat~on from K .  Dav~es. "Ionospheric Radio Propagat~on." National Bureau of Standards Monograph RIO.  April, 1965 
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(NBS) between Cedar Rapids, Iowa, and Sterling, 
Virginia, a distance of 733 miles (1180 km).4 A system 
built by NBS and operated from 1950 to 1952 showed 
the feasibility of long-range meteor-scatter commu- 
nication in the 30- to 100-MHz band. Through experi- 
ence with this system, NBS defined certain opera- 
tional characteristics of meteor scatter. 

Stanford Research Institute (SRIl5 built the first 
true meteor-scatter communication system in 1956-57 
between Bozeman, Montana, and Palo Alto, Califor- 
nia. The SRI system used a two-frequency scheme 
with a burst rate of 454 bits per second (BPS). A pilot 
frequency containing no information was continuous- 
ly transmitted. When the receiving station sensed the 
pilot signal, it would order the system to begin 
transfer of data. There were several problems with 
this approach; mechanical delays in the start-up of 
data transmission and low receiver sensitivity con- 
siderably limited the data transfer rate. 

In 1956, the Canadian Defense Research Boardg 
began using a system called JANET to conduct ex- 
periments over paths of 560 to 745 miles (900 to 
1200 km). JANET showed a wide difference in hourly 
data transfer rates because of daily changes in the 
number of meteors per unit time and other iono- 
spheric effects, such as sporadic E and aurora. 
JANET'S overall average information rate was 25.5 
BPS, which is equivalent to a speed of 38.25 words 
per minute (WPM). 

The National Bureau of Standards resumed 
meteor communication experiments in 1959, com- 
bining JANET technology with some other innova- 
tions to attain an overall average data rate of 45 
WPM with an error rate of 0.35 percent.' The same 
year, under contract with the United States Air 
Force, Hughes Aircraft Company developed a sys- 
tem for air-to-ground communication, introducing 

" 

In 1965, the North Atlantic Treaty Organization be- 
gan operating a system called COMET (COmmun- 
ication by MEteor Trails) over a 625-mile (1000-km) 
path using a 200 watt transmitter and a system for 
Automatic Repeat Request (ARQ).* ARO is a system 
of error detection that allows the receiving station to 
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fig. 2. Normalized daily variations in meteor activity. 
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fig. 3. Approximate data collection coverage of SNOTEL 
system. 

techniques for improved block transmission and error fig. 4. SNOTEL remote site with snow water sensors in fore- 
detection and correction. ground. 
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possible Amateur applications 
Current microprocessor technology opens up the 

field of meteor burst for the Amateur Radio com- 
munity. An Amateur meteor-scatter system can be 
constructed using a microprocessor to control the 
receive and transmit activity. Literally anything that 
can be digitized - pictures, RTTY data - can be 
transmitted via meteor burst. 

The key to an Amateur meteor-burst communica- 
tion system is a standardized format, bit rate, and an 
"acknowledge" or ARQ system. Several versions of 
ARQ system introduced by current meteor-scatter 
technology are adaptable to Amateur Radio use. 
Microprocessor technology offers several schemes 
for developing ARQ systems for error detection and 
transmission requests. 

fig. 5. SNOTEL remote site in winter. 

automatically request a repeat of the last information 
received. COMET achieves a worstcase data rate of 
14 WPM and an average of 140 WPM. 

largest meteor-scatter link 
The Soil Conservation Service of the U.S. Depart- 

ment of Agriculture operates the world's largest 
meteor-scatter communications data collection 
system (fig. 3) installed over a period of four years 
(1976-1980), it is a hydrometeorological data collec- 
tion system called SNOTEL (SNOW TELemetry) 
located in the western United States. 

Located in isolated mountain areas, the nearly 500 
SNOTEL installations (figs. 4 and 5) collect and 
transmit detailed data on weather and snow condi- 
tions, updating information every 15 minutes. The 
data is used by the Soil Conservation Service for a 
number of purposes, including forecasting the 
amount of water available for irrigation, municipal 
water supplies, and power generation the following 
spring and summer. 

SNOTEL is controlled by a computer in Portland, 
Oregon; the two master stations in Ogden and Boise 
(fig. 6) can request, receive, and acknowledge data 
from any of the remote sites, using phase shift keyed 
transmitters with Henry "4K ULTRA" finals and four 
phase locked loop-based receivers. Each of the four 
antennas at the master station is a five-element Yagi 
directed at a different quadrant of the sky and tipped 
up 30 degrees to optimize perfomance (fig. 7 ) .  Cur- 
rently, the system collects data from a high percent- 
age (typically 90 to 95 percent) of the more than 1015 
active channels in the system during a 2-hour nomin- 
al polling period each day - a collection of 7000 
characters or the equivalent of 1400 five-letter words 
per hour, and in maximum message lengths of 256 to 
512 bits of sensor data. 

fig. 6. Interior of master station at Boise, Idaho. 

fig. 7. SNOTEL master station located at Boise, Idaho, and 
one of its four antennas. 
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A workable format, detailed in fig. 8, consists of 
16-bit sync train (two &bit bytes), 72 words of data 
(characters), one byte of parity information, and one 
group number byte. (This is similar to the SNOTEL 
data stream and is convenient for computer use be- 
cause of the 72 characters per line.) Inclusion of the 
group number allows the receiving end of the com- 
munications link to request repeat of a single burst or 
group of bursts. Basically this is a simple extension of 
the computer-monitored RTTY station that grew out 
of the Auto-Start-Auto-Answer RTTY station. 

* r  1 
I -. 
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fig. 8. Possible burst format. 
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conclusion 
Almost unlimited opportunity for discovery exists 

in the field of meteor burst communications. Areas 
open to Amateur experimentation include antenna 
design and direction control, error detection and cor- 
rection techniques, and frequency dependence. 
Amateurs could take an active role in the improve- 
ment of remote control and RTTY systems and in per- 
fecting techniques of data collection and monitoring. 

With their access to technology appropriate for 
use in exploration of the field, Amateur Radio 
operators enjoy a unique opportunity for innovation 
and exploration in this expanding field. 
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THE MOST AFFORDABLE 
REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) ------------ 
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Band Kit  - Wred/restbd 

10M,8M,2M,220 $680 $880 

440 $780 $980 

Boih kll and wired units are comp(ete wllh all park modules, hardware, and crystels 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also avallable for remote slte Ilnklng, cmssband, and remote base. 

FEATURES: 
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0.1 5 uV ON VHF, 0.3 uV ON UHF. 
a SELECTIVITY THAT CAN'T BE BEAT! BOTH 
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New lownoise microwave transistors make For SSB. CW. ATV. FM. etc. Why pay blg 

preamps in the 0.9 to 1.0 dB noise figure bucks for a multi mode rig for each band? Can 
range possible without the fragility and power be linked with receive converters fortransceive. 
supply problems of gas-fet's. Units furnished 2 Watts output vhf. 1 Watt uhf. 
wired and tuned to ham band. Can be easily 
retuned to nearby freq. Exciter Antenna 

Input Range Output 

Models to cover every practical rf 8 if range to 
listen to SSB, FM, ATV, etc. NF = 2 dB or less. 

Antenna Recelver 
Input Range Output 

Wired $1 69 
LNA50 40-70 0.9dB 
LNA 144 120-180 1.0 dB 

'Add 920 for 2M lnput 
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AT LAST A MINIATURE 
BASE STATION AT A 
MINIATURE PRICE.. . 

The MX-15 is a 15-meter band SSB/CW hand-held transceiver. It 
measures only 11/2" (D) x 25h" (H) and offers 300mW for SSB 
and CW operation. A single-conversion receiver employing a 
MOS/FET front-end offers clear and sensitive reception. As a 
base or portable station, the MX-15 offers an unlimited challenge 

The MX-15 comes with full 90 day warrant and is available 
from factory direct or HENRY RADIO (800) 421-6631 

$129.95 - 
ACCESSORIES SUPPLIED 
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Instruction sheet 

ACCESSORIES AVAILABLE 
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MS-1 External Speaker-Microphone 
Noise Blanker Kit 
NB-1 Side Tone Kit 
SP-15 Telescoping antenna 
2M2 DC-DC Converter set 
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/ 101 
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DX FORECASTER 
Garth Stonehocker, K0RYW 

last-minute forecast 

Excellent DX conditions on the 
higher frequency bands (10-30 
meters) are expected during the first 
and second weeks of the month due 
to a probable increased solar flux. A 
recurrent disturbed period is also pos- 
siblearound February 4, which should 
result in better transequatorial open- 
ings. Check with WWV's geophysical 
announcement at 18 minutes after 
each hour for confirmation of the 
high solar flux and geomagnetic A 
values. 

Other periods of disturbance may 
be on the 14th and from the 22nd 
through the 28th. The lower bands 
should be very good all month and 
excellent during low solar flux periods 
in the third week of the month. Look 
for DX openings to unusual east-west 
locations during the disturbed days. 

No significant meteor showers oc- 
cur during February. The full moon 
and lunar perigee are on the 17th. 

low band DX 
Since publication of the nighttime 

bands in the propagation chart was 
begun, have you noticed how high 
those bands are, even at their diurnal 
minimum? DX stands for long dis- 
tance contacts; even the shortest DX 
path, Europe, is 3800 miles (6200 km) 
from the East Coast. South America, 
Japan, and the Far East are approxi- 
mately 6200 miles (10,000 km), while 
Antarctica and Australia are 9000 
miles (14,600 km) and 9900 miles 
(16,000 km), respectively. The high- 
est usable bands are related to the 
maximum usable frequencies (MUF) 
for that path. The longer DX paths 

are to the south across the equator 
where minimum MUFs are around 
14-15 MHz now and will decrease by 
3 MHz when the sunspot number 
drops to 16 (or the radio flux to 75 
units). The other DX paths are in mid 
to high latitudes where MUFs are 
lower and paths are shorter, giving 
minimum MUFs of only 8-9 MHz. 
These will decrease by 2 MHz at the 
sunspot cycle minimum. 

Thesenumbersare based on month- 
ly median (January) data. The daily 
solar flux factors from last month's 
DX forecaster can be used to forecast 
several days ahead. The minimum 
MUF is inversely related to the daily 
flux, decreasing with an increasing 
change in radio flux. Geomagnetic 
disturbances will also affect these 
minimum MUFs by 5 to 10 percent - 
the high latitude paths negatively and 
transequatorial paths positively. 

Interestingly, even at sunspot mini- 
mum, 40 meters will be open to 
Europe, Japan, and the Far East and 
30 meters on transequatorial paths. If 
you work 80 meters and 160 meters, 
they will be 50 percent and 75 percent 
below the MUF even on the short- 
northern paths. This doesn't mean 
they won't work; we know they do. 

band-by-band summary 
Ten and fifteen meters will be open 
for worldwide DX communication 
from sunrise until after sunset during 
the twenty-seven day solar flux maxi- 
mums. Skip of 2500 miles (4000 krn) 
(or multiples) is possible, and will fol- 
low the sun across the earth. 

Twenty meters will be open to some 
area of the world for the entire 
twenty-four hour period on many days 

of the month. The band should peak 
in all directions just after local sun- 
rise, and again toward the east and 
south during late evening hours. Dur- 
ing hours of darkness the band will 
peak toward the west in an arc from 
southwest through northwest, en- 
compassing Pacific areas. 

Thirty meters is a daytime and night- 
time band. The day portion should be 
like 20 meters except in that signal 
strengths may decrease during mid- 
day on days having high solar flux 
values. This band will also be useful 
well into the night and often through 
the night. Once again exceptions to 
this are on nights that follow very 
high solar flux value days. The prob- 
lem time is usually the hour or so be- 
fore dawn (diurnal MUF minimum). 
The workable distance may be ex- 
pected to be greater than 80 DX at 
night and less than 20 during the day. 

Forty and eighty meters will be the 
most usable nighttime DX bands. 
Most areas of the world will be work- 
able from dusk until sunrise. Hops 
shorten on these bands to about 2000 
miles for 40 meters and 1500 miles for 
80 meters, but the number of hops 
can increase because signal absorp- 
tion in the ionosphere's D-region is 
low during the night. The path fol- 
lows the direction of darkness across 
the earth, similar to the way in which 
the higher bands follow the sun. 

One-sixty meters will be similar to 80 
meters, providing good working con- 
ditions for enthusiastic DXers who 
like to work nighttime and early 
morning hours, especially at local 
dawn. 

ham radio 
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And you can see it-in color-again and again 
when you own the NPNY Ham MasterTapes. 

Ever see a cap discharge in slow motion? You will on The N2NY Ham MasterTapes give you a basic 
Ham MasterTapes. Ham MasterTapes can perform the grasp of concepts that build theory background-not 
dozens of complicated demonstrations necessary for a only for passing the FCC tests, but for understanding 
beginner's understanding of Ham Radio Theory. electronics. 

Finally, a step-by-step course in Ham Radio Theory The hobby has long needed better, clearer, high- 
is available on color videotape. The Larry Horne N2NY tech teaching aids to help newcomers into our wonder- 
Ham MasterTapes video course is a unique, effective ful world of Ham Radio. 
teaching technique expertly produced by New York's These six-hour tapes cover completely all the ma- 
leading professionals in studio and field videotape. terial needed to understand Novice and TechIGeneral 

Video Graphics highlight important details. Theory and operations, and include the new 200-ques- 
Carefully worked-out demonstrations on video avoid tion FCC syllabus used beginning September 1983. 

the problem of getting complex gadgets to work on Only $199.95. Order direct and specify Beta or VHS 
command in front of a class. format. Call or write: Larry Horne, N2NY 

Working examples of every ham 
radio component, device, or system Ham MasterTapes 
covered in the FCC guide can be 136 East 31st Street 
clearly understood. New York, N.Y. 10016 212-673-0680. 
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Our finest electre4 transducer suspended in a 
housing accoustically engineered for optimum 
voice communications. Improved audio from 
any voice--more punch and great to hear. 
Selectable HilLo 2. Universal! Banery 
FET Preamp del~vers "Heavy Duty" 
will fully modulate any rig. Immune to RFI. 

PRO-COM PRO-COM 
250 350 

- Bullt to I&. The ultimate in 
m Super soft earcup ~0rrd0ft 
and head cushlons m Noise cancalling 

Nolse cancelling mlc great VOX action 
m e  superb VOX uslng bu~tt-~n earphone 
actlon or stallon loudspeaker 

lsolates you from Use headband sup- 
surrounding n o w  and ptled or clip lo 
v~ce versa eyeglass bow 

Swlng the boom up 
and you have a great 
palr of earphones lor 
CW 

PRO-COM 
400 

8 Special Pro-Corn First nofable sb 
350 w~th connectom to vance since the 
plug Into ICOM Ham dynamic transducer. A 
Hand Helds. new standard of great 
w Uses DC from sound. 
transcetver. D I ~  cast metal-you 

PTT sw~tch wHh bdl won't tip this one over. 
clip. No "Handling" 

nnmr 
.-Swltchlng (or vox 
operation or Manual 
PTT w~lh  lock-on. 

Shielded hl-flex 
cord 

FS-1 Foot Svrltch 
HS-1 Hand Swftch In line ~sh - te ta l k  swltch 

- -  

TELEX COMMUNICATIONS. INC 

BBa) UdKh Avs SO. ktimwwdis MN 55UO U.S A 
E- ~s ~ona~an& 11 I. & AUanres PansMrd. 

h 93153 Le BaneMm11. France 
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Internal Gunnplexer for portable operation Gunnplexer removable for tower 
mounting in fixed location service - three shielded cables required for intercon- 
nection Powered by 13 volts dc nominal at 250 mA 30 MHz Cf lOturn 
potentiometer controlled VCO tuning 220 kHz ceramic Cf filter Extra diode 
switched filter position for optional filter Dual polarity afc Rug ed twetone 
grey enclosure Full one year warranty $389.95 with 10 mlhsGunnplexer 

$269.95 without Gunrn"-- 

Po8tp.M I 
add 7. '/z % 
AIr mall to ron~gn counrrwm mw 1u-r 

/ AMAZING I\ 
SCIENTIFIC and ELECTRONIC 

L, DEVICES r /  
USER DEVICES 

LC5 BURNING CUTTING C02 LASER $15 M) 
RUB3 RUHY LASER RAY PISTOL 15 00 
LRG3 IR LASER RlFLElPlSTDL 10 00 
LGUJ VlSlRLF RFO LASER RIFLE 10 00 
LHPILLD LASER LIGHT XMTRIRCVR SYS 10 00 
LHC2 BEGINNER s~mulated VISIBLE LASER 5 00 

SCIENTIFIC &ELECT 
TCL3 SOLID STATE TESLA COlL 35KV 6 00 
BTC3 25C THOUSAND VOLT TESLA COlL 9 00 
BTC5 1 5 MILLION VOLT TESLA COlL 15 00 
HVM3 125 THOUSAND VOLT OC SUPPLY 8 00 
IOG3 ION RAY FORCF FIELD GUN 8 00 
HEGl MILLION WATT 500 JOULE SOURCE 10 00 

ULTRASONIC ACOUSTICAL 
PPF1 PHASOR PAlN FlLLD GENERATOR 15 00 
PSP3 PHASOR SHOCK WAVE PISTOL 7 00 
IPb5 POCKET PAlN FIELD GENERATOR 7 00 
RAT2 RAT AND PFST ELIMINATOR 6 00 
HT9 HIGH FREO LISTENING DEVICE 8 00 

SECURITY 6 PROTECTION 
DEVI DEVASTATING DFVICES 10 00 
PPGl PHASOR PROPFRTY GUARD 15 00 
MFTl MINI VOICE XMTR 2-3 MILE 700  
INFl INFINITY TRANSMITTER 15 00 
PSW3 PHASOR RURNING STUN WAND 8 00 
PG1 PARALYZINI; WAND 10 00 

WE STOCK ALL PARTS NECESSARY FOR 
CONSTRUCTION OF THE ABOVE PROJECTS 

CATAUKiCONTAlNtffiHUNMIEDSMORE OF ALL NEWAMAZ- 
ING and FASCINATING PLANS EASY 10 BUILD KITS AND 
ASSEMHLtL)IltM$II ID mlALOGlNCLUDEDFREEWIlHANY 
OF THE AROVF PHOJtC PLANS SENDCASH MCLK MO Vi\A 
MC TO 
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P.O. BOX 716. DEFT. HR AMHERST, NH 03031 
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Have a name-but 
need the Call Sign? 
Traveling-and want 
to meet local Hams? 
NOW AVAILABLE- 

1983-1984 Amateur R a d ~ o  

GEOGRAPHICAL INDEX 
f3v Sldlt' C ~ I V  SI,e,et No ,driG Call 

No f r i l l s  d i r e c t o r i e s  o f  o v e r  435,000 
U.S. R a d i o  A m a t e u r s .  8l/zx11, e a s y  to 
read f o r m a t .  Companion d i r e c t o n e s  
to the 1983-1984 

AMATEUR RADIO 

CALL DIRECTORY u s Ltsttng 

NAME INDEX-$25.00 
GEOGRAPHICAL INDEX-$25.00 
CALL DIRECTORY-$14.95 

Add $300 s h ~ p p ~ n g  lo  all orders. 

DealerIClub inquir ies welcome. 
Send your order-~nclos~ng ckeck or money order In 
US dollars to 

Buckmaster Publishing 

Tell 'em you saw it in HAM RADIO! 



4R LIMITED WARR :ANTY! COMPARE! - - -  
at the offse 4000 SERIES 

# 
o matter wh WIDE FREQUENCY COVERAGE: PCS-400 

covers 142.000-1 49.995 MHz in selectable steps 
of 5 or 10 kHz. PCS-4200 covers 220.000-224.995 
MHz in selectable steps of 5 or 20 kHz. PCS-4300 
covers 440.000-449.995 MHz In selectable steps 
of 5 or 25 kHz. PCS-4500 covers 50.000-53.995 
MHz rn selectable steps of 5 or 10 kHz. PCS-4800 
covers 28.000-29.990 MHz in sele 
10or20kH 
CAPIMAR! : PCS-4000 
age of CAP frequencie 
TINYS1ZE:Only 2 H  x 5.5"W Y 6.8"D.COMPARE! 
MICROCOMPUTER CONTROL: At the foref 
of technology! 
UP TO 8 NONSTANDARD SPLITS: ultimate 
satillty. COMPARE! 
16-CHANNEL MEMORY IN TWO 8-CHANN 
BANKS: Retains frequency and standard slrr 
or plusrminus offsets. Standard offsets are 60 
for PCS-4000. 1.6 MHz for PCS-4200.5 MHz 
PCS-4300.1 MHz for PCS-4500, and 100 KH 
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DUAL MEMORY SCAN: Scan memory bank 
elther separately or together. COMPARE! 
TWO RANGES OF PROGRAMMABLE BAND 
SCANNING: Limits are quickly reset. Scan the two 
segmentseither separately or together. COMPARE! 
FREE AND VACANT SCAN MODES: Free scan- 
nlng stops 5 seconds on a busy channel: auto 
resume can be overridden if desired. Vacant 
scannlng stops on unoccupied frequencies. 
DISCRIMINATOR SCAN CENTERING (AZC 
EXCLUSIVE PATENT): Alwaysstopsonfrequ 

THE 1 - ILLUMINATED KEYBOARD WITH ACQUISITION 
TONE: Unparalleled ease of operat1 
BRIGHTGREEN LED FREQUEN( 
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SUPERIOR RECEIVER: Sensltlvlt) 
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manufactured to rlgorous speclflcatlons for excep- 
tlonal performance, second to none COMPARE1 
REMOTE-CONTROL MICROPHONE: Memory 
A-1 call, up down manual scan, and memory 
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CS-4800 10-rn FM Transceiver 
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peakerjack, and all cords, plugs, fuses, and 
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Mirage Communications 
Introduces Their 

6 Meter 
Solid-State Amplifier 

A1015 
10 Watts In - 150 Watts Out 

$279.95 

Built-In Rx Preamp FCC Type Accepted 
All Mode-SSB, CW, FM 5 Year Limited Warranty 
Remote Keying Optional RC-1 Remote Control Available 
DC Power 13.6 VDC at 18 Amps Made in the U.SA 

Available at Mirage Dealers Worldwide 

Digital Readout, Scanning, 10 memories and much 
more . . . State-of-the-art handheld radio. Direct entry microproc- 
essor controls this fully featured radio. Bes~des scanning and 10 mem- 
ones, the IC-O2An stores duplex offsets in memory. will work on odd off- 
sets, has 32 keyboard selectable PL tones which are stored in memory. 
Lithium battery backup for memory. Ruggedly built with aluminum back 
for heat sinking when run at 5 watt level. LED readout with lamp, fre- 
quency and battery lock, and a variety of options make the IC 02AlT a 
super radio to own. 

Call today for pricing information - 
Ham Shack wants to be your ICOM dealer. --- WAMSHAQt & cr \@: 
808 N. Main Street Evansville, IN 47711 '&' 

E (81 2) 422-0231 la - 
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il The Traveller Dipole Antenna 1 

Is a h~gh ly  portable cont~nuously 
' tams 72 feet (22 mts I copper wtre 64 , adlustable half wave antenna de Llght, strong,dependable an- 

sgned  for the use on  any fre simple Includes 2 nylon ropes to - , .-?,%<:' guency between 1 0  l o  10 MHz 11 tle l o  any mast (tree, fence. etc I .b,> 
\.' - Very easy adjustment No toll no I The center ~nsulalor 1s a 1 1 ~m ?. ; 

traps It conslsts of a two reel lone pedance ratlo balun wtth 50239 
at each end) two houslng as connector Power handllng capa- 
sembly, both  butlt o f  av ia t~on  b l l ~ t~es  - 2KW PEP or 1KW 100% 
grade alumlnum Each reel con ampl~tude modulate 

Price $88.75 + shipplng f l  152 

\\International Union Corporation 7291 N.W. 12th St. - Miami, FL 33126 (305) 591-3655/6 
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TAKE A VACATION WITH 
A PURPOSE THIS YEAR 

Join SIUC!CII~ \  1r<r111  around tllc irorld at 
(>.Ah: H l 1 . l . ' ~  

SILVER ANNIVERSARY 
Session 

Over 25 years of successful teaching experience 
means upgrading is as easy as 1-2-3. 
Your vacation is spent in the beautiful Blue 
Ridge Mountains o f  Virginia with expert in- 
structors in friendly surroundingsand with ex- 
cellent accommodations. 
Oak Hillalso hara hamlabset up foralltouse. 
Courses offered are: 

Novice to General 
General or Tech to Advanced 
Advanced to Extra 

Learn - don 't just memorize the answers lo 
the e.vam questions. ................................... 

C. L. PETERS. KIDNJ. Direclor 
Oak Hill Academy Amateur Radio Sess~on 
Box 43 
Mouth of Wilson, VA 24363 
Name Call 
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EMIIRFI shielding: 
new techniques 

part 2 

Techniques and materials 
that reduce EM1 

Part 1 o f  th is  two-part  article served as a basic 
overview by identifying the problem of EMIIRFI, 
citing examples of its adverse effects, and providing 
a general discussion of EM1 shielding effectiveness 
(SE). In one form or another, each of these various 
schemes involved plastics. This more detailed, more 
technical article examines methods of testing SE that 
employ RF techniques familiar to most hams. 

Before examining SE and its testing, let's first ex- 
amine the process of fabricating plastics in a manner 
that renders them effective for EM1 shielding and 
containment, yet is economical enough to allow plas- 
tic enclosures to be used instead of metal ones. 

EM1 and plastics 
The FCC tries to stringently enforce EM1 emission 

standards that apply to electronic equipment. The 
pressures of foreign competition, however, demand 
that American manufacturers develop innovative 
cost-cutting manufacturing techniques such as using 
EMI-proof plastic enclosures instead of metal en- 
closures. But there are other ways than the use of 
enclosures to obtain or shield electronic devices from 
EMIIRFI; we can use metallic tape with adhesive 
backs (the adhesive is a plastic), neoprene and elas- 
tomer gaskets (both plastics), or sprays and paints in 
conjunction with plastics. In fact, plastics are so 
common that wesometimes overlook'them, and often 
fail to fully appreciate or understand their versatility. 

In order to better understand how plastics are used 
in potting and casting, in PC board conformal coat- 
ing, in insulation, high frequency connectors and a 
myriad of other applications, let's begin by looking at 
materials used for shielding. 

materials for shielding 
Most EM1 shielding processes in use today have 

disadvantages: precious metal powders are expen- 
sive; conductive carbon comes in but one color - 
black - zinc metallic sprays can lose adhesion, with 
small metal flakes falling onto PC boards and short- 
ing out components; and paints are subject to abra- 
sion and subsequent delamination when put through 
temperature extremes. What is the solution to the 
problem? The answer may be a new technique of 
utilizing structured fillers. 

Vaughn D. Martin, 114 Lost Meadows, 
fig. 1. The generation of aluminum flakes. cib010, ~<xas 781 08 
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Graphite fillers. With higher conductivity and bet- 
ter reinforcement characteristics than carbon blacks, 
graphite fillers look promising. Radar chaff, for ex- 
ample, originally developed to resonate at radar fre- 
quencies and to produce "phantom" targets for anti- 
aircraft batteries, has been successfully introduced 
into these types of composite plastics. 

Impregnation of aluminum flakes into plastic is a 
relatively new process. A spinning wheel throws off 
flakes of molten aluminum alloy (see fig. 1); these 
flakes, with a tightly controlled aspect ratio (length- 
to-thickness ratio), are then deposited into a resin 
which causes them to become oriented in the direc- 
tion of the flow of the resin. You have no doubt seen 
fingerlings or small minnows in schools orient them- 
selves upstream in line with the flow of water; these 
flakes do the same in the resin. This is important be- 
cause molding or extrusion processes require this. If 
all flakes are not oriented in the same direction, they 
experience lateral force and breakage occurs, with a 
subsequent reduction in their shielding effectiveness. 

Typically, aluminum-impregnated plastics contain 
18 to 22 percent flakes by volume because electrical 

I \ \  , #  - 
I 8 '_ 

Y CONDUCTIVE FILLER 
, ,  - , , 

X R E S I N  

conductivity depends not on the weight ratio of the 
flakes with their resin "holder," but on the volume 
ratio of flakes to resin. This means that a low-density 
polymer like polypropylene would need 46 percent 
weight, while a high-density polymer like PVC would 
require only 37 percent flakes to achieve the same 22 
percent volume ratio. 

the acid test 
To date, most testing techniques have been con- 

trived to test conductors or pieces of pure conduc- 
tive materials. But now, the purely resistive proper- 
ties of a substance like straight wire no longer exist; 
the combining of metals with plastics has caused 
networks to result with both inductive and capacitive 
reactances. 

In fig. 2, note that if probes were to pass through 
the insert on the left at precisely the right spot, they 
could miss the conductive particles, completely giv- 
ing a totally insulative test result. But insertion as a 
layer in the material to the right with its insulating 
matrix (checkerboard) results in a more meaningful 
measurement. (Two test methods of determining 
surface and volume resistivity can be averaged to 

fig. 2. Composite of conductive particles suspended in I flections is usually ignored for materials with greater 
an insulating matrix. ! than 10 dB of SE. This would include just about all 
-- - -- - - - - -- - materials that are even remotely considered to be 

shielding elements. 

determine shielding effectiveness form 0.1 to 1000 

1 test and measurement systems 

- 

B 

$ 8 "  cm 

fig. 3. Graph of averaged surface and volume resistivity. 

MHz by the graph in fig. 3). 
To evaluate how well material acts as a shield, let's 

first recognize that a pure conductive metal performs 
its shielding effectiveness by an almost 100 percent 
reflection of radiation, whereas a conductive-com- 
posite product reflects about 80 percent of radiation 
and absorbs 20 percent. Mathematically, the shield- 
ing effectiveness, expressed in dB, (SE) + R + A  or 
the sum of the energy Absorbed and Radiated. In ac- 
tual practice, there is another term, B, added to A 
and R, but this term describing internal multiple re- 

There are essentially three methods of measure- 
ment: the free-space method, which is impractical at 
lower frequencies; the shielded box method; and the 
transmission line technique. The shielded box tech- 
nique, shown in fig. 4, is the most popular. This rec- 
tangular metal box, made with thick walls and electri- 
cally tight seams in the walls, has a transmitting 
antenna inside it and a sample port (opening) in one 
wall for radiation emitted through the port. If the 
specimen to be tested is placed over the port or hole, 
and the radiated power P2 measured against the 
open power level P I ,  SE can be determined by: 

PI . 
SE = I0 log p; (ztl dB)  

& 
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fig. 4. Pictorial illustration of a shielded test chamber. 

tion. This is ideal for waveguides or parabolic anten- 
nas in which the wave is to be redirected. 

The main advantage of this measurement tech- 
nique is the uniformity of repeated test results. The 
TEM, (fig. 61, allows absolute verification to be 
made that the reflection and transmission ratios in a 
50-ohm line are the same as those theoretically ob- 
tained in free space on a panel infinite in extent in the 
plane perpendicular to the incident energy. The di- 
mensions of a 50-ohm line are such that the ratio of 
the impedance presented by a test specimen trans- 
verse to the direction of propagation, to that pre- 
sented to the free space wave by the same material, 
is 0.13. This is the exact ratio of 501377 (the two 
characteristic impedances). 

Electromagnetic fields near an oscillating dipole 
antenna have a wave impedance as a function of 
1 Id,  where d is the distance between the source and 
receiver. This is true when the distance to the dipole 
antenna is very small in comparison to the wave- 
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ingstanding waves between the antennas inside and 
the chamber's walls. Also, at lower frequencies, the 

0.1 I 10 100 I000 

FREOUENCY. Mnr 

fig. 5. Graph of the dynamic range possible with the 
coaxial line test technique. 

This method of testing has some problems. If there is 
an edge in the chamber that approaches the wave- 
length of radiation, resonance can occur with ensu- 

dynamic.range is limited to approximately 50 dB be- 
cause of the energy that can pass through the small 
sample port at those wavelengths. It is likely that 
no two boxes would report the same results for a 
given sample. 

The coaxial transmission line technique has no in- 
herent problems associated with it because this 
method is not frequency-sensitive. (Note that there 
are no seams in this canister-shaped specimen 
holder.) Dynamic range, (fig. 5), is a function of the 
generator and the sensitivity of the receiver. Unlike 
the shielded box, which suffered from the 
wavelength-to-specimen size ratio changing the 
chamber's own inherent impedance, this problem 
does not exist with the transmission line technique. 

This method (the TEM or transverse electromag- 
netic cell) vields reflected, transmitted and absorbed 

fig. 6. A block diagram of the coaxial line test technique 
(TEM Cell). 

data by reflection coefficient measurements, which fig. 7. The TEM (Transverse Electromagnetic Celll test method 
allows the designer of the system to optimize reflec- in operation. 
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HAM-TAGS Tough ABS custom 
frames. Your call on each vehicle. 
Ava~lable with call at top or bottom of 
frame, and frame front plate (check 
your state). $1.50 sh~pp~ng 

HOUSTON, TX 77019 
(71 3) 522-5755 f l  l1 

This tower is ready for found a 118" clearance on the 
shipment to one of our 
customers, or is i t? 
If we were an 

it was corrected 
1116" before he 

and that is knows that 

lish in an industry 
is what will make 

quality control in the or break his com- 
business and we are pany. That is why 
not afraid to say so. That Tri-Ex has been in bus- 
is why when John Pasillas iness continually since 1955. 

/ \ 

When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 

- - -  
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When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 
Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 
Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 
Sky needle, Clementower 
37 feet to 180 feet & higher 

J 

Introducing Tri-EX'S new DX-86 
- 86 feet tall, 25 square feet in 
a 50 mph wind. 
Call you local dealer for details. 

FOR ADDITIONAL INFORMATION WRITE TO: 

-d TOWER 

CORPORATION 
7182 Rasmussan Avo. 
Visalia, Calif. 93291 

P.0. Box 5009 
Visalia, California 93278 

(209) 651-21 71 
w m  
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fig. 8. Large roomlshielded box/transmission line tech- 
nique test results. 

length and precisely why, at lower frequencies, with- 
in a shielded box, the impedance changes with fre- 
quency. (We will note some data shortly that graph- 
ically reveal this fallacy.) Likewise, as the wave im- 
pedance and reflection coefficient increase as fre- 
quency decreases, a false indication of an enhanced 
SE results as the frequency decreases. 

The coaxial transmission line technique is an 
insertion-loss Teasurement technique using a 
substitution method (see fig. 7 ) .  The measurements 
can be made at specific frequencies (the point-to- 
point mode) using a modulated signal generator, 
crystal detector, and tuned amplifier (SWR). The 
other method employs sweeping a band of frequen- 
cies with a tracking generator and a spectrum 
analyzer used as a receiver. The advantage of this 
point-by-point method is that other information, 
such as reflection coefficient data, can be taken in 
this mode; the sweeping mode has the advantage of 
taking SE data at all points, but without the luxury of 
allowing observation of reflection coefficients. 

In the sweeping mode, the signal generator is re- 
placed by a tracking generator and the variable atten- 
uator removed, because the attenuator in the ana- 
lyzer is used instead. The spectrum analyzer presents 
the response over the whole bandwidth in a single 
curve. However, for determination of SE, two re- 
sponses are taken, one with and one without the 
specimen in the holder. The SE is the difference be- 
tween these two curves. 

The dynamic range of this measurement technique 
is determined by three things: the power level of the 
signal generator, the sensitivity of the receiver, and 
the degree of shielding of the equipment and the 
connecting transmission lines. For example, if a one- 
watt signal generator with a detector such as an 
HP415 standing-wave meter are used, an 80-dB dy- 

namic range can be obtained with standard coaxial 
cables. 

Analysis of test results shows how "flat" the test 
results are from 0.1 to 1,000 MHz, (figs. 8 and 9). 
The difference between measured and predicted re- 
sults is due to the uncertainty of measurement of the 
conductivity of the composite plastic, as previously 
discussed. Fig. 8 shows a specimen of 20 percent 
weight piece of TransmetTM* series 100 conductivity 
modifiers in a polyester resin. The methods used in 
testing were the shielded box method, using a 6.25 
foot (2 meter) cubic box in a 31 x 15.5 x 10 foot (10 
x 5 x 3 meter) shielded room; the last method was 
the transmission line technique. Figs. 10 and 11 
show various plastics test results for SE. 

I o TRANSMISSION LINE DATA 1 oBOX DATA I 

FREOUENCY3 MHz 

fig. 9. Transmission line technique vs. shielded box test 
results. 

PHENOLIC 

10 
- - - SMC - 

1 1 10 100 1000 

FREOUENCY IN MHz 

fig. 10. 30-dB SE gained from treated vs. untreated spec- 
imens of phenolics. 

.-.. .- - ----- 
'The Transmet Corporation, Columbus. Ohio 
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fig. 11. Shielding effectiveness in different types of plas- 
tic treated with solidified conductive flakes. 

fig. 12. Ferrite beads for EM1 suppression. 

Although this method of testing is relatively new, it 
is gaining rapid acceptance. Sometimes called the 
Stutz method after its inventor, David E. Stutz of the 
Battelle Institute, this method is used to measure 
planar waves, whereas the shielded box method is 
used to measure the near field. 

Conducted interference. As stated previously, 
conducted interference is best attacked at the source 
or through the cables or wires running to and from 

the box. These problems are usually of much lower 
frequency than EMIIRFI emissions and are the result 
of emissions from motors, transformers, and other 
magnetic field producers. Most hams know about 
ferrite beads (fig. 121, small ferro-magnetic metal or 
graphite tubular-shaped devices that slide over wires 
and suppress conducted emissions. Ferrite beads, 
however, become saturated at a certain current level; 
their attenuation does not increase with frequency; 
they tend to become a resonant frequency element, 
and there are often gaps because of poor fittings. 
Thanks to plastics, there are better ways to suppress 
conducted emissions. ZippertubingTM*, for example, 
uses metallic mesh, aluminum foil laminated to vinyl- 
impregnated nylon, and high nickel-steel foil in stan- 
dard jackets t o  form a protective shield fit over entire 
cable bundles (fig. 13), whether they are the tradi- 
tional round bunched cables or the flat "ribbon" 
cables used by printers and modern computer equip- 
ment today. A new product now under development 
by Zippertubing, Inc., uses a plastic polyurethane 
material, PFR-20B, said to be even more rugged than 
these other jackets. 

Berquist*" is another innovative company that 
makes thermally conductive insulating pads that go 
between resistors and the PC board. This company, 
however, has gone one step further by laminating 
copper right onto the pad, (fig. 14). This now pro- 
vides not only thermal conductivity but also EMIIRFI 
and conducted interference protection as well. While 
the metal does cause a capacitance between the 
transistor and its heatsink, the capacitance is limited 
to approximately 100 pF for a TO-3 power transistor. 

To the ham on a limited budget, the best way to 

fig. 13. Zippertubing conductive cable covers for suppression 
of conducted interference. 

'Zippertubing. Inc.. Los Angeles. California 
"Berquist. Inc., Minneapolis, Minnesota 
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V ~ S +  Ham Tube 
achieve magnetic shielding might be to use foil tape, 
which is comparatively inexpensive and comes in 
thicknesses of less than 0.002 inch to over 0.01 inch 
thick with permeabilities ranging from as low as 
3,000 to over 350,000. 

(If you are really fascinated by this subject, you 
may want to spend $99.50 and buy a kit from the 
Magnetic Shielding Division of Perfection Mica* (fig. 
15). Thiscontainssheetsandfoilforms, a magnetic pick- 
up probe, design information, and a variety of different 
types of shielding. 

I "SIL-PAD SHIELDS" R E R G Q L I I S T  

fig. 14. Thermally conductive heatsink pads with built- 
in conducted interference suppression. 

fig. 15. Kit  for magnetic field shielding. 

There is as yet no perfect coating, adhesive, or 
potting compound; EM1 shielding with plastics is a 
science in itself. But with technology evolving rapidly 
in this area - and with many effective EMI-shielding 
materials becoming increasingly available - you 
need no longer invariably avoid using plastic cases in 
building equipment. 

ham radio 
'Perfection Mica. Inc.. Bensenville, Illinois 
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4-400A. . . . . . . . . .  .80.00 8122. . . . . . . . . . .  .105.00 
4CX2508. . . . . . . .  .50.00 81 56. . . . . . . . . . . .  .12.50 

. . . . . . . . . . . . .  5728 . . . . . . . . . . . .  48.50 8643 82.50 

. . . . . . . . . . . . .  811A . . . . . . . . . . . .  12.00 8844 26.50 

. . . . . . . . . . . .  . . . . . . . . . . . . . .  813 35.00 8873 175.00 
. . . . . . . . . .  . . . . . . . . . . . . .  61468 6.50 8874. .185.00 

. . . . . . . . . . . .  . . . . . . . . . . . . . .  6360 4.25 8877 450.00 
. . . . . . . . . . . .  . . . . . . . . . . . .  68838 6.75 8908. 12.50 

Semiconductors 
MRF 245lSD1416. $30.00 MRF 6441SD1088. .19.95 
MRF 454 . . . . . . . . .  18.95 2N3055 . . . . . . . . . .  95.00 
MRF 455.. . . . . . .  .12.50 2N6084.. . . . . . . . .  12.50 

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

. . . . .  UG1751176. 1011.60 Type "N" Twist on 
. . . . . .  . . . . .  UG2551u. .2.50 ea. (RG81u). $4.75 ea. 

. . . .  .2.25 ea. 

There are over 

1800 New Hams every month 
just waiting to hear from you. 

In the highly competitive field of amateur radio, achiev- 
ing name recognition and getting ahead of the compe- 
tition are critical to a successful marketing effort. Com- 
panies that know this have turned to DCC Data Service 
for quality mailing lists. Through our H A M  HOTUNE 
lists, these successful companies have been the first to 
reach the new Hams with their offers for radio equip- 
ment, accessories, magazines, technical publications 
and other related products and services. These names 
represent the latest additions to our cumulative master 
file of over 428.000 Radio Amateurs. The H A M  HOTUNE 
service has been a proven moneymaker and an excel- 
lent supplement to magazine advertising. 

SO DON'T KEEP ALL THESE NEW H A M  
ENTHUSIASTS WAITING. GIVE US A CALL TODAY. 

Rates and Selections: 
. . .  Monthly Novice Hotline (avg. l8OOnames:rnonth) $GO/M 

Upgrades and Changes (avx. I 1.000narnes/month) . . $50/M 
. . . . . . . . .  Last 6 Months Hotline ( 7 8 , ~ n a m e s )  $50/M 

Cumulative files also available cr 129 

DCC Data Service 
1990 M Street. N.W. 

Washington. D.C. 20036 
(202) 452- 14 19 
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. . .  ....... 

. . . . .  I I 
arour.-v 16 I 

LSOO .24 LS164 .60 2.00 4KX1 
LSOl .24 LS165 .85 9 911 d n . ) 7 d u v 4  .( 

LS02 .24 LS166 .99 
LS03 .24 LS169 1.25 

27A08 1KX8 350 n.8. 3.95 " "- 'Vnn ' I 4116-16KX1 
LS04 .24 LS174 .60 n.s . . 2.50 A,,,- rn 

............ I LSlO .24 ~ S i g i  .go 450 n.8. 3.20 28002 29.95 8080A 2.00 
LS l l  .24 LS192 .80 I I 80C35C 4.50 808! 
LS12 .30 LS193 .80 2716-1 2KX8 350 

. . . .  LS14 .SO LS195 .65 2732 4KX8 450 n.s. 

LS30 .24 LS242 .90 
LS32 .36 LS243 .90 
LS42 .49 LS244 1.25 We bought a large quantity of 
LS51 .24 LS245 1.50 2708s from a computer 1.50 8279-5 1771 Slngle I - 
LS74 .40 LS251 .50 manufacturer who redesigned 1791 Double Density ... 20.00 ................... ~ ~ 8 5  .60 ~ ~ 2 5 7  .55 thelr boards. We removed them 1793 22.00 

................... 
LS86 -39 LS258 .55 from sockets, erased and 

1797 24.95 

L S ~ O  .50 LS266 .50 verified them, and nc 
LS93 .55 LS273 1.25 the savings you' 

I 
LS109 .39 LS279 .45 satlstactlon ~ u u r u r ~ ~ w w ~ .  

2708 Super low profile - THREE CHIP SET 
LSl l2  .39 LS283 .60 

$1.49 or 10/$12.00 Made tor automdlc lnaerilon - 1797, 214303, 1691 by W.D. 
LS123 .75 LS290 .85 

i n n  sn Compare at up to 86.85. 
LS124 2.75 LS293 .85 

-' 
B.G. SPECIAL 

LSl25 .45 LS298 .89 
LS132 .50 LS299 1.60 TMM2016-2 All 3 for only $29.95 

200 n.a . . . . . . . . . . . .  8139.95 280 2.5 MHz CPU ....... 3.50 
LS133 .49 LS366 .45 

2101-1-256x4 ZBOCTC . . . . . . . . . . . . . . . .  3.75 
.............. . . . . . . .  

LS139 '60 LS368 '40 
21L02-1KXl 250 n.8. L.P. . .75 Z80PIO . . . . . . . . . . . . . . . . .  3.95 262.144 .................. -75 

LS151 .50 LS373 1.25 2102AL-4 L m  ".. - - 7nns1n1n inar; 300.000 ................. 1.00 
LS153 '50 LS374 2114L-3 lKAs aw --- 
Ls154 Ls375 l.19 L P  . . . . . . .  2.75Y16.00(2na 
LS155 .50 LS377 1.49 TMS4044 (MCM6641 * -=\ 
LS156 .55 LS378 .85 4 ~ x 1  250 n.s. . . .  3.120 .................... 1.20 - -  I ......... . . . . . .  ........ 

................... 
LS157 .60 LS390 1.19 ~ ~ ~ 4 0 4 6  450 .65 2800 6 MHz CPU 14.95 3.579545 - HCl8 1.00 
LS161 .60 LS393 1.19 5101E-8 - 256x4 - 4.000 2.49 

................ LSl62 .85 LS399 1.25 c u n s  s i  nn 4.194304 1.50 

................. 
5.113 

4.43361 8 .75 ....... 4444.000 ................ 1.25 
.................. I I 4.9152 2.49 I -.-. - - .. . . . . . . . . . . . . .  - . .- - 

............. LS163 .50 HM6116P-4-2KX8 1863 
200 n.r. CMOS . . . . .  W39.95 1M6402-+5v sp-d 

6501-5 256x4 - CMOS - Data UART-AY5-1013 pin out 2.95 4.916 Bd. Rab .......... 1.25 
................ ............. - . p,+,,+,-,, 9 ",a+. 22 pin INS 82508 9.95 5.000000 1.50 

.................. 5.0688 3.75 - Very 5.616 ................... 1.59 
. . . . . .  1.50 A"" an......, en-- 

ca NMUJ 500 NS 
r ln  ................ 2.00 """" 

I 
MK4104J-4 - 

Ceramic C 
1 6502 4.50 6522 6.95 1 Surplus. PRII 

Easy to Use. Has Same Pin Out Controller 

. .  
as TMS4044, but sllghtly fMS4103J - 

different timing. With Specs. I 2513 LC. .  

. ESS THAN 506 EACH I .. . . . . . .  
250 N.S. 18 Pin DACOaCN " "" 
omputer Mfg. DAC0802 

................. ME. Fully Static. UPD371 - Cassette 
. . . . . . . . . . .  I ...... . . . . . . . . . . . .  

18.2259 1.00 

. .  . . . . . . . . . . . . . . . .  
2.50 20.000 3.75 

Char. Gen. 4.00 21.87108 1.00 
. . . . . . . . . . . . .  4.95 22.092 . . . . . . . . . . . . . . . . . .  1.00 . ,, 32.000 . . . . . . . . . . . . . . . . . .  2.49 

tek) 
or 15.95 1 6100 - CM 

I . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  I 6802 5.00 6840 10.00 (Mosl 87.3333 1.00 . l a  

I .. . . . . . . . . . . . . . . . .  6810 2.00 6850 2.60 1 8 for 5J0 32 IOS - 91.000 1.00 
a*-., .a -= VERY LOW POWER1 1 12 Bit CPU . . . . . . . . . . .  3.95 104.8 ................... 1.00 1 
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Z80* SINGLE BOARD COMPUTER! 
I 

- -  - 

64K RAM - 80 x 24 VIDEO DISPLAY - FLOPPY DISK CONTROLLER 
RUNS CP/M* 2.2! 

(BLANK BOARD WITH 
DATA AND ROM'S.) 

PROCESSED ON A STRICT, 
FIRST COME, FIRST SERVED 
BASIS! ORDER EARLY! 

GIANT COMPUTER MANUFACTURER'S SURPLUS! 
UNBELIEVABLE LOW PRICE!!! 

Recently Xerox Corp. changed designs on their 
popular 820. computer. These prime, new, 820-1 PC 
boards were declared as surplus and sold. Their loss 
is your gain! These boards are 4 layers for lower WE'VE GOT EM! 
noise, are $older masked, and have a silk screened 
component legend. They are absolutely some of the 
best quality PC boards we have seen, and all have 
passed final vendor QC. Please note, however, these HALF SIZE DRIVES 
surplus boards were sold by Xerox to us on an AS IS 
basis and they will not warranty nor support this 40 Track per shh 

part. 
We provide complete schematics, ROWS, and double density 

parts lists. If you are an EXPERIENCED computer Same as SA455 
hacker, thls board is for you! Remember, these are 
prime, unused PC boards! But since we have no Latest head 6, 

drive technology control over the quality of parts used to populate the 
blank board, we must sell these boards as is, without . Fast access tlme 

warranty. You will have to do any debugging, if 
Two of Thew Half Size Drlwn wlll 

necessary, yourself! CP/M 2.2 for the original Big ~n In the %me Space as 1 Full Slze Ddwl 
Board, sold by Digital Research Computers. P. 0. 
Box 461565, Garland, Texas 75046, will run on this 
PC board without modification. It is available from $229 2/$450 

CompSn .I up lo S-0 *0 

them for $139 including manuals. 

ADD $2 PER PC BOARD FOR SHIPPING. (USA and Canada) 

'CP/M TM OF DIGITAL RESEARCH INC. (CALIF.) 820 TM OF XEROX COUP. 280 TM OF ZlLOG IC 114 

TERMS: Orders over $50 add 850 insurance. No COD. Tex. Re,. Add S%SalesTax. Subject to prior sale. Foreign orders: US funds only. Wecannol ship 
to Mexico. Foreign countries other than Canada add $6 per board shipping. d 

More Details? CHECK - OFF Page 108 February 1984 93 



Ham Radio's guide to help you find your loca 

California 
C 81 A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
213-370-7451 
24 Hour: 21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
61 9-463-1 886 San Diego 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 

HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Azden, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER. FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO. FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 
2805 N. E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip- 
ment, accessories and parts. 

lllin o is 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden. Kantronics. 
Santec and others. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P.O. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381 -5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Kentucky 
L & S RADIO 
307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

1 Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron 

I Massachusetts 
TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01 460 
61 7-486-3040 
61 7-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

1 Michigan 

ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS. NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Hampshire 
POLCARI'S ELECTRONICS CENTER 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
Southern New Hampshire's only Ham 
Store. Call today for quotes. 
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lmateur Radio Dealer 

New Jersey 
RADIOS UNLIMITED 
P.O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
800-5260903 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used eauioment. Full service s h o ~ .  

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201 -444-871 7 
Drake, Cubic, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut. Fluke & Beckman 
Instruments, etc. 

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 
Call after 7 PM and save! Supplying 
all of your Amateur needs. Featuring 
ICOM "The World System." Western 
New York's finest Amateur dealer. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH (CLEVELAND AREA) 

44092 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featur~ng Kenwood. Yaesu, Icom. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom. Bird. Cushcraft. Beckman. 
Larsen, Hustler, Astron, Belden, 
Antenna Specialists, W2AUIW2VS. 
AEA. B&W. Amphenol. Saxton. J.W. 
MillerIDaiwa, Vibroplex. 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar. Microwave Modules, ARCOS, 
Astron. KLM. Tama. Tonna-FSFT, 
UHF UnitslParabolic. Santec, Tokyo 
Hy-Power, Dentron. Mirage. 
Amphenol, Belden 

Texas 
- - 

MADISON ELECTRONICS SUPPLY 
1508 McKlNNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Virginia 
ELECTRONIC EQUIPMENT BANK 
516 MILL STREET. N.E. 
VIENNA. VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
4 14-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 
Sat 9-3 

Handy Logging Area 
Spinner Handle Available 

Case: 2x4": shaft %"x3" 

ROHN, 
"FOLD-OVER" 

TOWERS 
EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are quickly and 
easily installed. Ths "Fold-Over" is safe 
and easy to service. 

ADAPTABILITY 
ROHN has saveral sins to Ill your app lb -  
lions or you can purchase the "Fold-Ovar" 
compomnls l o  mnvart your ROHN lower 
into a "Fold-Over". 

HOT DIP GALVANIZE0 
Al l  ROHN lowers are hot dip galrnnlzsd 
after fabrication. 

REPUTATION 
ROHN Is on8 ol the lsadlng lower manufac- 
turers. with over 25 years of experiancs. 

Writs todav for comulsls dstails. 
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REVIEWS 

parts until I was told to in the assembly pro- 
cedure. I'm glad I followed the instructions. . .the 
packaging is indeed dense. 

preliminary assembly 
The assembly of the kit should take about one 

hundred hours, more or less. It is NOT a kit for 
someone who has had no experience in building 
kits. The instructions and illustrations are up to 
Heathkit standards, but a good deal of care has 
to be taken during soldering on some of the more 

moment 1 didn't realize that I was about to 
become an expert in crimping and soldering tiny 
Molex spring connectors on a multitude of ends 
of wires. After doing some 50 connections, I 
checked the price of a crimping tool: over $80. 
I continued my manual assembly procedures. 
(Perhaps Heath will develop a design for mak- 
ing a low-cost crimper, because using these con- 
nectors really helps during troubleshooting.) 

final assembly 

HW-5400 H F transceiver tightly packed boards. As I started the final assembly, I looked at the 
I took slightly less than one hundred hours to pile of boards I had just finished, and then at the 

Regardless of his or her age, every Radio do the actual assembly, but I did encounter a main chassis, and wondered what kind of magic 
Amateur has heard "the rig here is an H W  . . ." 
Back in the early 1960's, the first of the HW 
single-banders appeared on the scene, and were 
an instant hit. That unit spawned a whole line 
of units which included the SB-101, the 58-301, 
and many more. There are many more stiU go- 
ing strong; and now, there's the HW-5400 mi- 
croprocessor-controlled HF transceiver. 

The HW-5400 has all sorts of interesting 
features. For instance, when I switched from one 

couple of problems that used up quite a few ex- 
tra hours. (It should have taken less, but I was 
being stubborn and didn't want to ask for help.) 
One of the areas where I got stuck turned out 
to be caused by a bad FET. And after some dis- 
cussions with Heath, it turned out that the com- 
pany was having some difficulties with this par- 
ticular part. Heath and Motorola, the manufac- 
turer, were working on the problem. The replace- 
ment FETs - which were sent promptly - 

I was going to have to perform to get all that 
material onto one t h y  chassis. The installation 
of the pre-assembled main cable harness is a 
good example of the kind of magic you'll have 
to perform; I suggest you start this step when 
you're feeling well-rested and kindly towards the 
world. 

After doing the first two or three steps in the 
final assembly, I was instructed to mount the 
audio circuit board and make the necessary con- 

band to another, and then back to the first band, worked fine, so the problem I encountered a p  nections. Then came the instruction to "connect 
it was still tuned to the original frequency. In case pears to have been resolved. up a power supply" so that a series of operating 
of power failure, all the memories are auto- The kit has fifteen circuit boards, some of tests could be made. It was only then I realized 
matically reset to the band edges. which are simple, with few parts. Others are not. I should have built the power supply first. (I think 

It has split frequency operation, fast/slow But all are well made, and the silk screening job perhaps it would have been wiser of Heath to 
AGC, VOX, and antiVOX. It'sallthere. One thing is good. While there is really no problem in stuf- mention this at the very beginning.) However, 
I especially like is the optional keypad frequen- fing these boards, I do recommend that you take fortunately for me, I had "subcontracted" that 
cy entry. I do quite a bit of split frequency work, 
and this feature makes operating easy; I've also 
found it handy when going off frequency from 
a net. 

When the kit arrived, the first thing that im- 
pressed me was the weight of the power trans- 
former. (Of course, the power supply is rated at 
20 amperes, so I shouldn't have been surprised.) 
As soon as I opened the main carton, I was fac- 
ed with a notice telling me not to unpack any 

the advice of good carpenters: measure twice, 
cut once. 

At the end of the assembly of each board there 
is a series of tests to be made. In one, I found 
two solder bridges that I hadn't seen in my visual 
checks - and I was using a lighted inspection 
magnifier. 

I had a great feeling of accomplishment when 
all the boards were finally done. Then I came to 
the section innocently titled "Chassis." At that 

part of the job to a ham friend who is normally 
a very active person (he goes up and down 
70-fo0t towers like I go up and down stairs). He'd 
just had an extensive operation on one knee, and 
was "climbing the walls" with inactivity. He built 
my power supply in about six or seven hours. 

All went well with the final assembly until the 
test of the synthesizer board: I just couldn't get 
the right readings. After following the "in case 
of trouble" charts and trying a few tricks of my 

I 

ALC A N 0  SWR 
TRANSMIT  TRANSMIT 

TRANSMIT 
F INALS  4 N D  BALANCED 

MICROPHONE 
PROTECT MIXER MODULATOR 

AMPLIFIER 
PREAMPLIFIERS 

I I 
L 

BANDPASS 
I -F  F I L T E R  MICROPHONE 

LOW PASS 
F I L T E R  F I L T E R  

b AND B F 0 
AMPLIFIER 

I 

HIGHPASS 
RELAY F ILTER M I X E R  DETECTOR A M P L I F I E R  

D ISPLAY 

MICROPROCESSOR SYNTHESIZER 

B 
SPEAKER 

TUNING KNOB 

fig. 1. Simplified block diagram of HW-5400. 
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own, I called Heath. Very shortly, I was talking 
to Terry, a synthesizer expert, and listening to 
a quick run-through of that part of the circuit. 
He made a couple of suggestions and sure 
enough, his first one identified the trouble. It was 
a mica tuning capacitor that was marked 100 pF. 
but was really 1000 pF. No wonder the circuit 
wouldn't tune! 

I ran into difficulty again on the IF board, but 
this time I didn't waste a moment; I got on the 
phone. It turned out that the trouble was the FET 
problem mentioned above. A package arrived in 
three days, and as it turned out, there were four 
FETs to be replaced. 

When I had to remove the IF board, the syn- 
thesizer board, and the RF board. I was quite 
happy that Heath had made me put all those Mo- 
lex connectors together. Disassembly was easy. 
It was at this point that the quality of the printed 
circuit boards became really obvious. I had abso- 
lutely no fear of unsoldering and resoldering the 
connections on the traces of the PCBs. 

"smoke" test 
There was one interesting thing about doing 

power-on testsafter each step in the assembly. 
If you've ever put a kit together, then you know 
the thrill and fear of the "smoke test." With this 
rig you enjoy the same emotions over and over 
again. It doesn't lessen with experience. 

Now there it was, all put together and ready 
for use. After three or four contacts on 75 and 
20, 1 decided it was time to finish the job and 
install the unit in its cabinet. But first, I thought 
I should do a bit of peaking up, using my old 
but reliable General Radio Model 605A signal 
generator. There was no improvement. 

state-of-the-art circuitry 
This is a complex, state-of-the-art transceiver. 

The simplified block diagram (fig. 1) shows the 
flow of signals. On both transmit and receive, 
the signals go through the lowpass filter (which 
is switched for each band). On receive, the signal 
goes through a highpass filter to get rid of broad- 
cast band signals, and then travels through a 
bandpass filter which is also switched for each 
band. Notice that the BP filter is used on both 
transmit and receive. The signals go one way on 
transmit, and the opposite way on receive. This 
is done by some very clever diode switching. The 
final amplifier is permanently connected to the 
output. The transmitlreceive relay is connected 
in the receive line, and is opened on transmit. 

finger sensor 
Down at the bonom of the block diagram are 

three blocks labeled DISPLAY, FREQUENCY 
SYNTHESIZED OSCILLATOR, and MICRO- 
PROCESSOR. They are NOT simple. The micro- 
processor is the device which makes everything 
happen in the HW-5400. It controls the display, 
the frequency synthesizer, and the finger sen- 
sor of the tuning knob. Yes, that's right. . . the 
finger sensor. 

Now here's a bit of genius in design. The main 

operation 

tuning knob has two finger-spinning holes. One 
of them has a metal insert. When your finger 
touches the metal insert, the two digits after the 
decimal on the display go out, and as you tune, 
the frequency increment is 1 kHz instead of 50 
Hz. So when you want to make a big shift in fre- 
quency, use the metal insert spinner; for fine tun- 
ing, use the other one. On the unit that I built, 
I have the keypad accessory; for big jumps I use 
the keypad, andfor20or30 kHz, l use the spinner. 

frequency control 
The frequency synthesizer circuits control the 

VCOs, which combine to produce the required 
injection signal. The VCOs are controlled by a 
feedback loop referenced back to a crystal con- 
trolled oscillator. This loop has a bandpass filter. 
and the settling time for a VCO is inversely pro- 
portional to the bandwidth of the filter. The filter 
must be narrow enough to get rid of the refer- 
ence frequency, and yet wide enough to allow 
quick response. 

Heath solves the problem ingeniously. They 
set up the circuit so that the input to one of the 
divide-by-N chains is the difference between two 
VCOs. The step frequency of PLL 1 is 10.05 kHz; 
that of PLL 2, is 10 kHz. The difference between 
the two steps is only 50 Hz, yet the reference 
frequencies are at 10 kHz. This makes the filter- 
ing out of the reference frequency relatively easy. 
The output of VCO 1 is from 5.45-6.05 MHz (in 
50 Hz steps). It is mixed with the BFO signal 
(8.83 MHz) to give 14.28-14.88 MHz. Then the 
signal is mixed with 10 or 20 MHz, and the out- 
put from VCO 3 or VCO 4, and the desired out- 
put frequency is produced. A lot of the switching 
is solid-state, so that the bandswitch is compos- 
ed of only three wafers. One of those is used 
to control the solid-state switching circuitry. 

The display on the HW-5400 is easy to read. 
At the left there is a series of symbols that in- 
dicate which mode the rig is in. There are several 
indicators - out of band, split frequency, trans- 
mit, and unlocked VCO. The VOX, anti-VOX, 
delay, and side tone controls are under a little 
flip-up panel to the right of the display. 

When the Heath engineers laid out the printed 
circuit boards, they kept the transmit and receive 
parts pretty well separated, and generally speak- 
ing, the schematics follow the board layout in 
the same fashion. This makes it a little easier to 
locate the components on either the boards or 
the schematics. 

As I mentioned before, when 1 switched from 
one band to another, the HW-5100 remembered 
the frequency I last used on the original band. 
But it will also remember a second frequency. 
With eight bands 190. 40,30,20, 17, 15, 12, and 
101, that makes a total of sixteen frequencies in 
memory, because the HW-5400 provides for split 
frequency operation on each band. Incidental- 
ly, when I operated split frequency, I found a 
slight delay in going from receive to transmit (but 
only on split frequency; simplex, the VCOs are 
already on frequency and there is no delay). This 
happened because the VCOs require a little time 
to settle. 

I found it strange to be able to switch from 
one band to another without having to retune; 
in fact, I kept looking for the knobs. Fortunate- 
ly, all of my antennas have fairly low SWR. At 
least they are low enough so that the HW-5100 
will accept them without shutting down. Just 
to see what would happen, I put the rig on 75 
meters and left the 20 meter beam antenna con- 
nected. The HW-5400 absolutely refused to put 
out any power. I didn't do any fancy tests to see . . 

at what SWR it would quit, but I figure that this 
is the mistake most likely to be made. 

One disconcerting thing at first was "chirp" 
of the 50 Hz steps as I tuned in a CW or RTTY 
signal. But soon I no longer noticed the noise. 
For final tuning of signals. 1 started to use the 
RIT. It is smooth. Another feature I like is the 
IF shift. It seems to me that whenever I go off 
a net to talk to someone, the frequency I select 
invariably becomes the channel adjacent to the 
National Tuneup Frequency! With the IF shift, 
I can slide the IF sideways a little and get rid of 
the QRM. It's a nice feature. 

While the high speed tuning feature is great, 
it did produce a surprise one evening. I spun the 
dial to a new frequency to meet someone for a 
QSO, and because Heath'included a muting cir- 
cuit to quiet the receiver while the VCO is settl- 
ing, I ended up about 15 kHz past a local. He 
was transmitting when I tuned past him, but it 
took a few niilliseconds before the speaker al- 
most came off the desk from the buckshot. It 
took me a second or two to realize what had hap- 
pened. l moved down another 15 or 20 kHz and 
learned something: the HW-5400 is almost as 
good as my tube rig for bearing up under close- 
by locals. I carried on the QSO about 30 kHz 
from the local, and although I knew he was 
there, it wasn't difficult or even uncomfortable 
to carry on the QSO. 

Radio Amateurs are never satisfied. It doesn't 
much matter who designs what. . . we'd always 
like to see something different. For me, there are 
two things missing from the HW-5400: 160 me- 
ters and a way to connect up my SB-610 band 
scanner. After having used one for fifteen years 
or so, I feel almost lost without it connected. 

One of the things I really like about this rig is 
the uncluttered front panel; you can tell what 
each control is for without searching through the 
instruction book. The knobs are far enough apart 
so that I don't feel crowded. 

If you like to build, and have some experience 
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at it, the HW-5400 is a good rig to tackle. If you 
want to dig inside to fix or tweak something, 
you'll be able to go ahead with confidence be- 
cause you'll have been inside at least once 
before. You'll enjoy operating the HW-5400; it's 
a good rig. 

For information on the HW-5400, contact 
Heath Company, Benton Harbor, Michigan 
49022. 

Fred Looker, VE3ZL 

HW-5400: specifications 

coverage: 80.40.30.20.17.15. 
12.10 meters plus 
WWV at 10 MHz 

readout: 7-digit display. 
vacuum fluorescent 
with special symbols 

readout accuracy: to nearest 50 Hz 
frequency control: synthesized 
memory storage: 2 frequencieslband 
stability: less than 50 ppm 

drift from cold start 
modes: SSB normal and 

reverse CW - wide 
and narrow 

I I TOWERS 
HIGHEST QUALITY 

ALUMINUM 81 STEEL A byALUMA 
W Ft AIum.TELESCOPING (CRANK-UP) 

I Crank.UP GUYED ISTACK-UP) 
Mode!T BO-H TILT-OVER MODELS ' I 

Easy to install. Low Prices. 
Crank-ups to 100 n. b 

EXCELLENT FOR 
AMATEUR COMMUNICATIONS I ! 

SPECIAL 
Four Secl~on 50 Fl 
n Mounled Crank-Up 1 

L 
' / ,  

I receiver I 
sensitivity: less than 0.35 pV for 

10 dB s;-N 

audio output: 2 watts in 4 ohms 
AGC: selectable (fast or 

slow) 
intermod: 70 dB at 25 kHz 

transmitter 

RF output: 100 watts except on 
10 meters (80 W) 

load impedance: 90% rated power at 
2:l SWR 

high SWR protection 
transmit-receive: SSB: PTT or VOX 

CW - full break-in 
(simplex only) 

general 

dimensions: 11% x 14 x 5 
inches 

(29.2 x 35.6 x 12.7 
cm) 

weight: 24 pounds (10.9 kg) 
power: 13.8 volts DC at 20 

amperes 
(HWA-5400-1 power 

supply: 1201240 v, 
60 Hz) 

book review: 
radio frequency design 

Wes Hayward, VVnOl, an engineer from 
Tektronix, is well known to the Amateur and ~~ ~ 

professional community. His numerous efforts 
to educate designers in both detailed schemat- 
ics and system approach have led him to write 
Introduction to Radio Frequency Design, pub- 
lished by Prentice Hall in January, 1982. 

Having seen many books on this subject, I 
was impressed with the way this one was com- 
posed and the way issues are addressed. The 
book consists of eight chapters covering low - 
frequency transistor models, filter basics, 
coupled resonator filters, transmission lines, 
two-port networks, amplifiers and mixers, and 
oscillators and frequency synthesizers. A final 
chapter is titled "The Receiver: An RF 
System." 

The material presented is complete; refer- 
ences are well chosen. The book reads easily 
and makes one feel sufficiently impressed to 
keep on reading. I was tempted to use my 
computer resources to verify some of the more 
complex numerical examples, and I was not 
surprised to find that the author's calculations 
were correct. I especially enjoyed a few specif- 
ic items (his non-linear model of the transistor 
and his analysis of noise, for example) and rec- 
ommend these sections - and the book as a 
whole - to all readers. lntroduction to Radio 
Frequency Design is thoroughly enjoyable and 
well worth the $29.95 investment. 

D JZLR 
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Sherwood filters 
Receiver selectivity and the ability to reject un- 

wanted signals are subjects of tremendous in- 
terest to Radio Amateurs. Long known for their 
excellent aftermarket filters and extensive 
modification. of the R4C receiver, Sherwood 
Engineering now has a line of front end anten- 
na filters. My interest came as a result of a phone 
call from George Heidelman at Sherwood alert- 
ing me to a new filter they had designed recently 
for the 160 meter DX window, 1.825-1.830 MHz. 

If you haven't been on 160 meters recently, 
you would be surprised by the amount of ac t~m/  
that will be found. On almost any given even- 
ing there are plenty of CW and SSB QSO's in 
progress; rapid growth and the elimination of 
power restrictions has resulted in some crowd- 
ing on the band. For instance, SSB operators 
who sit just above 1.830 MHz with an LSB sig- 
nal put a fair part of their signal down into the 
DX window. 

During both phone and CW contests, when 
160 can sound as bad as 20 meters, the DX win- 
dow is often bracketed by strong signals. For the 
average transceiver or receiver, this can result 
in very difficult copy in the DX window area. In- 
stallation of the Sherwood filter will pass only 
these signals that fall between 1.825 and 1.830 
MHz thus facilitating easier reception without 
front-end overload, intermodulation products, 
etc. Another suggested application is at large 
multi-op, multi-transmitter contest stations; a 
spotter can scan the DX window, minimizing 
interference, while the operator is working sta- 
tions on another part of the band. When another 
multiplier is heard, the operator can QSY to the 
appropriate frequency and attempt to work the 
station. 

The filters can also be used to reduce in- 
terference from high powered shortwave broad- 
cast stations and in high ham density, urban en- 
vironments. Currently Sherwood Engineering 
has available filters that cover 25 kHz segments 
for the 40 and 20 meter CW bands, 12.5 kHz 
segments of 80175 meters, and any 5 kHz seg- 
ment on 160 meters. Other frequencies are 
available on request. 

These low-loss front-end antenna filters are 
based upon a high performance, 6 pole, crystal 
50 ohm design. They have a shape factor of 
2.25:l. 6/60 dB and are designed to be used 
with any receiver and can be adapted to most 
transceivers. 

the acid test 
After receiving the filter from Sherwood, I 

reconfigured my receiver input so that I could 
switch in and out the filter to do A-B compari- 
sons. Because 1 live in a low-density area, hav- 
ing other stations nearby is not a problem. How- 
ever, as more and more new hams have joined 
the fun on 160 meters, the band has become sig- 
nificantly more crowded. During several 1983 
contests, I found that while listening with the 
filter in, I was able to effectively reduce in- 
terference coming from other stations outside 

the DX window. At the filter's edges, nearby 
signals were not completely eliminated due to 
operating at the 3 dB points. My overall impres- 
sion of these front-end filters is that they would 
be highly desirable at a multi-op, multi-trans- 
miner operation and in any high ham density 
area. For 160 meters, they provide an extra 
measure of selectivity to help ferren out those 
weak and hard-to-copy DX signals. They can 
also be used ahead of a Beverage antenna pre- 
amplifier. 

Filters for several frequency segments are 
available for each band. They include the 
FE-1400016, FE-1420016, FE-700016, FE-350016, 
and FE-182516, as well as others that may be 
specially ordered. Most are priced at $80; 160 
meter filters are priced at $145. Add $3 for 
domestic shipping, $6 for shipping overseas. 

For more information on Sherwood's front- 
end filter or any of the rest of their product line, 
contact Sherwood Engineering, 1268 S. Ogden 
Street, Denver, Colorado 80210. 

Circle 1302 on Reader Service Card. 
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products 

remote control 
antenna tuners 

Here's a brand new product of interest to 
hams who've been disappointed with their an- 
tenna's performance. The VT-3lVT-4 is a re- 
motely tuned series-fed capacitor that is con- 
nected directly to the antenna. Adjusting the 
VT-3lVT-4 will tune the antenna to a minimum 
value of SWR. For example, mobile antennas 
that would before only tune 20 kHz without re- 
adjustment, will now be able to tune the whole 
band by a flick of the switch. Other suggested 
uses are with a trapped vertical, half wave 
doublet, long wire, or sloper. 

The VT-3lVT-4 is housed in an aluminum 
universal base mount with an anodized alumi- 
num cover for weather protection. With the 
addition of the LC-4 inductor kit, it can be con- 
verted to a voltage-fed matching device. This is 
a single band system that can cover 1.8-30 
MHz and will provide full size band coverage 
with appropriate coil tap adjustment. 

The VT-3 is designed for mobile installation 
and operates directly from the vehicle's 12-volt 
power supply. The VT-4 is a 117 VAC - 12 VDC 
supply and switch. The VT-3lVT-4 has a 
switch to activate the capacitor and limit lights 
show when either maximum or minimum ca- 
pacitance values are reached. Both units re- 
quire eight conductor control cables. Current 
consumption is low so cable runs can be long. 

COMPUTER 
DISKS 

CONTROL DATA 
5%" SSDD 3 5 - 4 0  Track 

$22 Box of 10 
(5 or more $21/ Box) 

FREE SUPPLIES CATALOG 
Write Today 

Payment: MastercardlVisa (include 
Number and expiration date), Money 
Order, Cashier's Check Personal Checks I 

I 
(allow 10 days to clear): shipping 3%. $3 
minimum, by UPS mainland USA. Sorry 
no APOIFPOICOD's. New Jersey add 
6%. Prices and availability subject to 
change without notice. I 

I COMPUTER AND WORD I 1 ( ' ' S I N <  ',UI'PLIr> 

44 FORREST ROAD 
RANDOLPH. NEW JERSEY 07869 

1296 & PHASE III 
MAKl UTV 1 2 0 0  - S49gg5 
M A K l 2 0 W  A M P  - S430°0 
MICROW~VE MO[)ULES 
4 3 2  1 4 3 5  TRANSVERTERS 
4 3 2 1 1 2 9 6 Y A G l - 1 8  + dB 
. . -- - - - - - - 

0-10 TRACKING PROG. 
TIMEX I Z X  - 1 6 K  

Vic-Basic $1 2.95 
Also Avail. w/RS & STS 

-. -- 

See t h e  TimexIZX AUTOTRAK 
ROTOR CONTROLLER AT DAYTON '84 

SASE for full details 

571 7 NE 56th. SEATTLE. WA 

r - 

New CMOS DTMF Chip Kit 
Teltone's TRK-957 K I ~  makes i t  easier and 
less expensive to breadboard a low-power. 
central offlce qualtty DTMF detect~on system 
All you need IS a power source from 5 to 12 
VDC The sensitlvlty, wlde dynamlc range. 
nose Immuntty. and low-power consurnptlon 
make the TRK-957 ideal for telephone 
swltchlng, computer, and remote control 
appllcat~ons The TRK-957 DTMF Kit 1s only 
$24 75 To order call 

(800) 227-3800, ext. 1130. 
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Price for the VT-3lVT-4 is $159.95. Eight 
conductor cable is available for 24 cents per 
foot and the LC-4 inductor kit is priced at 
$39.00. All Vector Radio products are sold with 
a money-back guarantee. 

For more information on the Vector Radio 
VT-3lVT-4 remote antenna tuner, contact 
Vector Radio Co., P.O. Box 1166, Cardiff, Cali- 
fornia 92007. 

Circle 1303 on Reader Service Card. 

,radio modem 
Macrotronics, Inc. has introduced the RMlOOO 

radio modem, a hardware and software system 
that converts a personal computer into a state- 
of-the-art communications terminal supporting 
Morse, Baudot and ASCII codes. The radio 
modem is intended for use by Amateur Radio 
operators and SWL's for copying news and wire 
sevices. I t  features commercial quality 
demodulators, dual bargraph tuning, and exten- 
sive software capabilities. 

The RMlOOO uses multistage active filter 
demodulators with dual LED bargraph tuning in- 
dicators for reception of both Morse code and 
radioteletype (RTTY) signals. It offers three 
RTTY shifts which may be selected from the 
computer keyboard, and a crystal-controlled 

AFSK tone generator provides stable R77Y key- 
ing. Relays are used for Morse code and push- 
to-talk transmitter keying. A hardware clock con- 
tinuously displays time and may be inserted in- 
to text in a completely user-programmable for- 
mat. 

Many features are included in the software to 
accommodate a wide variety of operating situa- 
tions including net operations, MARS, RTTY, 
art ("PIX"), contesting and SWLing. A 70-page 
user manual is included. 

The RMlOOO radio modem system is current- 
ly available for ATARITM, APPLETM, IBMTM and 
Radio Shack TRS80TM microcomputers. For 
complete information, contact Macrotronics, 
Inc., 1125 N. Golden State Blvd., Turlock, 
California 9538). 

Circle t304 on Reader Service Card. 

new solid-state tube for 
Drake R-4 

Sartori Associates has just announced the 
availability of a new solid-state tube, the 
SBA6. Designed to replace the 6BA6 in Drake 
R-4(A-B-C) receivers, the SBA6 will also re- 
place the RF and IF 6BZ6 vacuum tubes in the 
R4AIB and early model R-4C. as well as the 
6BA6 and 12BA6 vacuum tubes used in the IF 
amplifiers of the A-4 series. (For the third mixer 
in the early model R-4C, we recommend re- 
placing the 6BA6 with a 6HS6lSHS6 - (Drake 
made this improvement in the mid-model R- 
4C). The new SBA6 will also serve as a plug-in 
replacement for your T-4X 12BA6 ALC'd IF 
amplifier. 

Sartori solid-state tubes provide no-warm- 
up, high performance, trouble-free operation 
with R-4(A-B-C) receivers. Sartori also manu- 
factures SEJ7, SHS6, and SBE6 mixers for the 
R-4 series and the SEJ7, SHS6, SAU6, 
SAX7-1. SAX7-2. SEV7/SFQ7/SAQ8 for the 
T-4X series. All are priced at $23.00 postpaid. 

For more information about the SBA6, con- 
tact Sartori Engineering, P.O. Box 2083, Rich- 
ardson, Texas 75080. 

Circle 1305 on Reader Service Card. 

IC-04A and IC-MAT 
The IC-MA and IC-MAT, two new 440 MHz 

HTs from ICOM, feature frequency entry, con- 

trol functions and 32 PL tones controlled by the 
16-button pad on the face of the radio. Also in- 

cluded are priority, scanning (both of memor- 
ies and programmable band scan), and DTMF 
(MAT only). For scanning, 5 kHz increments are 
front-panel selectable. Ten memories with inter- 
nal lithium battery backup give the ultimate in 
flexibility for channelizing operation for easy ac- 
cess to most-used channels. A custom LCD 
readout with S-meter is unique to the ham 
industry. 

The IC-MA and IC-MAT have the same styl- 
ing, control features and functions of the 
IC-02A(T), and utilize the existing accessory line 
available for the IC-2A and IC-2AT, plus new ac- 
cessories such as long-life and high-power bat- 
tery packs. 

For details, contact ICOM, 2112 116th Ave- 
nue, N.E., Bellvue, Washington 98004. 

Circle C3W1 on Reader Service Card. 

full-function .DTMF decoder 
A full-function, dual-tone multifrequency de- 

coder module, model 2009, is a state-of-the-art 
CMOS design whichdecodesall 16 DTMFcodes. 
Available from Proham Electronics, model 2009 
has several advanced features such as a crystal- 
controlled timebase for long-term accuracy, on- 
board voltage regulation, counter detection with 
periodaveraging tominimizefalsing, and latched 
4-bit digital outputs with a choice of binary or 
row/column format. 

Two LSI CMOS chips provide high perform- 
ance operation and minimize the parts count. All 
bandpass and band reject filtering is achieved 
by using one switched-capacitive filter integrated 
circuit. The time base oscillator and dividers are 
also within this chip. Likewise, the actual de- 
coding is performed by the second CMOS de- 
vice. This simplifies operation, since there is only 
one adjustment required, and it sets the oper- 
ating level. There are no frequency adjustments 
because all timing is referenced to the crystal 
controlled time base. Ancillary benefits resulting 
from the application of these LSI CMOS devices 
is compact size, the printed circuit board isonly 
3.6 x 2.0 inches, and low power requirement, 
typically 40 mA at 12.5 VDC. The kit is easy to 
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build using the comprehensive instruction 
manual supplied, and easy to use. When driven 
with an audio signal beween 50 mV and 1 .O V, 
the model 2009 produces a 4-bit digital output 
code corresponding to the DTMF digit detected 
and valid code pulse. This output can be used 
to drive a parallel port of a microcomputer or ad- 
ditional digital logic circuitry as required. The 
price of a bare board with manual is $9.95; 
board, manual, filter and decoder chip, $44.95; 
complete kit, $99.95; and manual only, $5.00. 
All prices include postage in U.S.A. (Ohio 
residents add 5% sales tax.) 

For further information, contact Proham Elec- 
tronics, Incorporated, 34620 Lakeland Blvd., 
Eastlake, Ohio 44094. 

CirclqlJ06 on Reader Service Card. 

shirt-pocket volt-ohmmeter 
The new Model 3525 DIGI-PROBETM volt- 

ohmmeter, just introduced by Triplett, is said 
to be one of the smallest trouble-shooting, bat- 
tery-operated, digital instruments presently 
manufactured. Its shirt-pocket size, internal 
overload protection, accuracy and auto-rang- 
ing features make it appropriate for a myriad of 

lab, circuit design or in-field measurements on 
industrial, commercial, or consumer electron- 
iclelectrical equipment. 

Only 6-3/8" long x 1-1/8" wide x 3/4" 
deep (162 x 28 x 20mm). the DIGI-PROBETM 
utilizes a large 5mm easy-reading 3.5 digit LCD 
display with a convenient "Data Hold" feature 
to facilitate measurements in low ambient light 
or in confined areas. It also enables the user to 
"hold" the reading for later review. An instant- 
tone continuity test permits rapid testing of 
diodes, shorts and circuit continuity. Volts, 
ohms, and continuity are easily selected with a 
simple function switch. AC and DC volts are 
selected by push-button with AC shown on the 
LCD display. 

Auto-ranging on volts and ohms functions 

eliminates the need for range selection, provid- 
ing true "Touch and Test" capability. The 
Model 3525 has thirteen ranges. Range selec- 
tion in all functions is fully atuomatic. The 
ranges are: 0-500 VDC in four ranges; 0-500 
VAC in four ranges; 0-2.0 Megohms (2.9 Meg- 
ohms in overrange) in four ranges. Auto-rang- 
ing response time is 5 seconds maximum and 
accuracy is 20.75 percent of RDG + two 
digits on most ranges. Blinking-digit overrange 
indication and low banery visual indication are 
provided. Internal overload protection is to 750 
VACIDC in voltage ranges and 250 VACIDC in 
ohms and continuity ranges. 

The DIGI-PROBETM case is molded of high 
impact black thermoplastic with textured 
surface. The unit weighs only 2-1/2 ounces 
(0.07 kg). 

Priced at $65.00, the DIGI-PROBETM is fur- 
nished with two 1-1/2 volt button-type bat- 
teries, shirt-pocket carrying case, attached 28- 
inch test lead, comprehensive instruction 
manual and one-year warranty. 

For information or a free demonstration of 
the DIGI-PROBETM contact Triplett Corpora- 
tion. One Triplett Drive, Bluffton. Ohio 45817. 

Circle 1309 on Reader Service Card. 

noise figure measurements 
application note 

HP's new application note ANl57-1. "Princi- 
ples of RF and Microwave Noise Figure Meas- 
urement," is now available for all those work- 
ing on device, component, sub-system and 
system noise figure. It replaces the long-popu- 
lar AN157, "Noise Figure Primer." 

The 40-page note serves as a comprehensive 
tutorial on noise figure, with detailed material 
on thermal and shot noise, concepts of noise 
figure, effective noise temperature. Y-factor, 
etc. 

Plenty of useful information is provided on 
subtle measurement considerations including 
single sideband vs. double sideband, effects of 
local-oscillator noise, second-stage effects and 
corrections, hotlcold techniques, frequency 
conversation and image considerations. 

An extensive glossary includes common 
symbols and detailed technical explanations of 
most terms. Also included is a bibliography of 
34 other noise-figure-related references. 

For a free copy of AN/57-1, contact Hew- 
lett-Packard Company. 1820 Embarcadero 
Road, Palo Alto, California 94303. 

Circle 1307 on Reader Service Card. 
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SAY YOU SAW IT 
IN 

HAM RADIO 

Q/ "Action Monitor" 1 
~ s d  vulceoperatetl sw~lch thallsaclnch toconnr:ct between any 
HFNHFIUHF recelver and acassette recorder Every t~mea  slq- 
nal IS received. the ' Act~onMon~tnf automat~cally lurnson the 
recorder SO YOU have a txrnlanprit IaDed record 01 what 1s be- 
Ing sa~d 24 hours a day' Delay feature lets you get both sldes 
o l  all conversations Great lor repeater loaqlnq. scanners. SWLs 
and more All electron~c - no r l l~chan~cal  relays to tall Small 
compact un l l l ~ t s  alniosl anywhrie Conlc!s w ~ l h  cables. 9 volt 
battery and lnstructlons AC adapter ava~lable, add SR 95 

I Only $39.95 I 
30 day money back guarantee 

Please add $2 00 sh~pp~nglhandl~ng 
Canadians $3 00 No CODs 

Wlsc res~dents add 5Oio sales lax 

I Send your order today 

J.C. Labs PO Box 183HR Wales, WI 53183 
(414) 547-7987 fl 1Y 

r TUNE IN THE WORLD 
OF HAM-TV! 

Nrv sdrnntrmm~r u r  ~ n k o n ~  plxr  ~n tilth-Rrrolut~onlColor 
SS1V and thr uu ol y r w n r l  compulrrr lor A T V  grsphw. 
S51V- t A X - R l l Y  '<-mmuncrrtnns 1ntrrr.t 1% rrrn (IroWlnp 
rn MI( R O W A V F  and T V R O  appltcrt~on, 

Sample r.wr avulahlr fa,, I! 9 0  ppd :.-- . 
> :,---%? 

A5 Am M A G m r *  .;.: : :' &<:.: .; 
P . 0  ROX I 1  

. 
r.-- 'k 

f : r-A . --.- - 4 - .. .. 
LOWDEN. ION'A 5 2 2 5 5  , '. . , 

, , , l , l ~ , , ~ , , ~ ~ ~ l ~ R n l l ~ ~ 1 l ~ ~ ~ . I ~ ~  .-. 
#/ 110 

SSTV-RTTY -FAX TUNER 
l>",~,m,,"M,. , ,%,-*tu.  *,d,,l,,,, . 8 ,>,,,*,%ml,q".,", , , , ,  ,, . , 
II I,. ti, ,.,,wLL. ,..(..I "rt Yn, I ( \  tul,l,U 

h.5 n * w  ,nu-, <w.,,",r ,rr,,,u I , ,  l l l l W  ,n Y L N  I" In . U ."I a,,,, T,.!", . 4 ~ n A v - . . ~  11 tC4 l a t l ~  . \"dl. ,Y"l m , m , n n  0" q m * ~  . !.I \I* rrl lmLaW?I\hrH 14111\a~nW+. bx I')'Ir1 . u'murn,lmfl<r I.,"lvll r r u  
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flea u-t market 
NEEDTOCONTACTJames Navarchlconcernlng Yaesugear 
C T Hulh 146Schonhardl St r l ff ln OH 44883 

SUPS. Too much to tell, write for brochure. $59.95ACNAP -Fast 
Electronic Clrcu~t Analysis Program analyzes active & passive 
circults up to 60 components and 21 nodes Calculates Worst 
Case. Monte-Carlo. Sensltivities. Noise Equivalent Bandw~dth. 
linearor logsteps, disk file 110, workswithPLOTPR0 andSPP 
$49 95. PLOTPRO-Mlcrosoft Baslc program makessclentif~c 
graphs uslng any printer Llnear, seml-logarithm~c, logar~thmic 
plots, oneor IwoY axis. Plots multiplefunct~onson samegraph. 
forced scallngor autoscaled, grid linesandlabeling. Vettical and 
Horizontalformats. $49.95 All programsavailablefor 5.2518" 
CP/M, IBM PC, VICTOR 9000 and TRS-~ModelsI .  Ill, IV. In- 
clude $3.00 each sh~pping & handltng. Cal~fornla add 6%. BV 
Englneerlng. P.O. Box 3351. R~verside, CA 92519, (714) 
787-0252 

FASTRAK' 2005 Act~ve f~lter features8-pole response and dc 
sw~tchlng, makeaCW f~lter w1th80 hertz bandwidth. 3.6 x 3.0 
Inch pcb and manual $9 95 Proham Electronlcs. Inc , 34620 
Lakeland Blvd , Eastlake, OH 44094 

PROFESSIONALQUALITY clrcult boardsat ham prlces Cat- 
alog $1 50 Dynaclad lndustrles Box 296 Meadowlands. PA 
15347 

KENWOOD TS-520, CW f~lter extra VFO service manual 
ac/mob1lepowersupply$419 HeathHW 12 powersupplyS65 
EE 8 fleld telephones $22 each I pay sh~pp~ng W8QX (313) 
644 5042 

SUPERCOWW AND ARRL CONTESTPROGRAMS TRS 80 
Model l Ill ( IV~nl l l  mode) Completelymach~nelanguage Auto 
matlc ldent~f~catton of country .~nd zone(C0) from call letters 
Dupe speed 12000 + contacts per second Screen dlsplays 
zonesstlllneeded(CO) totalpolnts zones countries etc Auto 
matlcCWaeneratorwlth2bullers Loqpr~ntproqramprepares 

- - 

RATES N o n c o m m e r c i a l a d s  l O e  perword; 
c o m m e r c i a l  ads60e per word both payable in 
advance. No cash discountsor agency commis- 
sions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  o r -  

g a n i z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
(subject toourediting) on aspaceavailable basis 
only. Repeat insertions o f  h a m f e s t  ads pay the 
n o n - c o m m e r c i a l  r a t e .  

COPY No special layout o r  a r r a n g e m e n t s  

available. Material should be typewritten or 
clearly printed (not all capitals) and must include 
f u l l  name and a d d r e s s .  We reserve the r i g h t  to 
r e j e c t  unsuitablecopy. Ham Radiocannotcheck 
e a c h a d v e r t i s e r a n d  t h u s  cannot be heldrespon- 
sible f o r  claims made. Liability f o r  c o r r e c t n e s s  
o f  m a t e r i a l  limited t o c o r r e c t e d  ad in n e x t  avail- 
able issue. 

DEADLINE 1 5 t h  o f  second p r e c e d i n g  

month. 
SEND MATERIAL TO: Flea M a r k e t ,  Ham 

Radio. Greenville, N. H. 03048. 

TENNATEST- Antenna noise bridge -out-performs others. 
accurate, costs less, satisfact~on guaranteed Send stamp for 
detalls, WBURR, 1025 Wlldwood Road. Qulncy. MI 49082 

WANTED: Cash paid for used Speed Radar equlpment Write 
or call: Br~an R. Esterman, P.0 Box 8141. Northlleld, lllinols 
60093 (31 2) 251-8901 

--- 

WANTED: Old RCA. Western Electric tubes (713) 728-4343 
Maury Corb. 11 122 Atwell. Houston. Texas 77096 

- - 

WANTED: Early Halllcratter "Skyr~ders"and"SuperSkyr~ders" 
w~ths~lverpanels,also"Skyr~derCommerc~al",earlytransmit- 
terssuch asHT-I, HT-2, HT.8, andotherHdl~craftergear, parts, 
accessor~es, manuals. Chuck Dachls. WDBEOG. The HalllcraR- 
er Collector. 4500 Russell Drlve, Austln, Texas 78745. 

oq5 nna dupe sneels -0gprepdration program for hano logs 
S m ~ar tealures loabove OSL labeoprooram lor both CO WPX 
now belng wr~tten FREE fact sheel and &ample printouts K4SB. 
3496 Velma Drlve Powder Sprlngs GA 30073 

120' GUYED TOWER. Extremely strong $700 20' sectlons 
$ 1  50 Tlm Colbert 13609 Colony Burton Ohlo 44021 

VLF-LF preamps. coupler. Loran C boards SASE Burhans 
Electronlcs. 161 Grosvenor St .Athens, Ohlo 45701 SELL: KenwoodTw~ns E Alllne. NESS. 773 Rosa. Metalr~e. LA 

70005 
- - 

VERY ~n-ter-est-ing! Next 4 Issues $2 Ham Trader "Yellow 
Sheets", POB356, Wheaton, IL 60189 

FASTRAK ' 2007mterval trmer uses d,g,tal logic toprowde ac- 
curatetlm~ng wlthoutfalslng adjustable length. ldeal for t Omln- 
ute ~d use 3 6 x 1 51nch pcband manual $9 95 Proham Elec- 
tronlcs Inc 34620 Lakeland Blvd Eastlake OH 44094 

IBM-PC ASCIIIBAUWTICW. SASEfordetalls E Alllne. NEBS. 
773 Rosa. Metalr~e, LA 70005 

.~ -~ 

ANNIE'S EASY. Andyze d~poles, slopers, vertlcals. Inverted- 
vees and arrays; any orientation, position, phasing, we~ght or 
comblnatlon wlth Ann~e Antenna Analysls Software Include 
REALGR0UND(conduct1v1ty, d~electrlcconstant) Superb hi- 
res plotting. Annie's lncredlbly friendly and w~th 100% machine 
language, shesFAST! ForAppfell + (48Ka64K)orlle. DOS3.3, 
$49.95 + $2 OOpostage, NY addsalestax. Include full nameand 
call S A.S.E. for info. Commercial, library, etc.. call for quote 
(315)622-3641. SonnelSoftware, Oept. HR. 4397LunaCourse, 
Llverpool. NY 10388 

ELECTRONTUBES.R~C~IVI~~ transmlttlng microwave all 
lypesavallable Largeslock Nextdaydelrverymostcases Dady 
Electron~cs 14126W1llowLanr Westmlnster CA92683 (714) 
894 1368 

RUBBERSTAMPS: 311nes$4 50 PPD Sendcheckor MOtoG L 
P~erce. 5521 Blrkdale Way. San D~ego. CA92117 SASE brlngs 
lnformal~on 

QSLs& RUBBER STAMPS -TopOual~tyl CardSamples and 
Stamp ~n fo -  500 -Ebbert Graphlcs5R Box 70 Weslervllle 
Ohlo 43081 

TRAVEL-PAK QSL KIT- Convenspost cards photostoQSLs 
Slampbr~ngsc~rcular Samco Box203 L Wynantsk~ll NewYork 
12198 

-- 
QSLtheBestl Fullcolor $20Ior200 Aslow as$7 Freecatalog 
Rusprlnt Box 7575 KansasClty M064116 Cred~t cardorder 
llne 1 800 531 7373 

- .  

SPRINGCLEANING All must go Testequlpment H P scopes 
meters G R br~dges Tektronlxequ~p labstandards spectrum 
analyzers many other Items antlques parts Insulators gears 
fans varlacs muchmore Alsoelectron~csdatabooks flnestcur 
rent materlal rad~o magazines really cheap test equlpment 
manuals SendlongSASEtorg~antshackcleanoutl~st Joseph 
Cohen 200Woods1de W~nthrop MA02152 

RECLAIM SILVER from electronics scrap Wr~te RALTEC. 
25884F H~ghland Cleveland. OH 44143 

CHASSIS and cab~net klls SASE K31WK 

KEYBOARD and instruments cases. Send lor free information. 
Eel-Tek, PO Box 125H. Beloit. WI 5351 1 WANTED Manual for Lavole oscilloscope model LA-265A 

Or~glnalor photocopy State cost WE40.4257V1aAlta Dr~ve, 
Mob~le Alabama 36609 WANTED: ARRL VHF Manual. early ed~t~on Statecondll~on and 

vear of oubllcat~on Stanlev Jaftln WB3EGU. 800 Stonlnoton 
SALEVanguard Labsslgnalgenerator 100 to 180 MHz John- 
sonCBtestset Checks power modulat~onandrecelver JeffV 
N~elson 6tOSouth200E Monroe Utah84754 (801)527 4242 

koad. silver spring. ~ary lahd 20902 Telephone 301 593-5659, 
evenlngs 

CABLECONVERTERS,decoders Catalog$t refundable APS 
POB 263 HR Newport RI 02840 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter 2697 Nlckel San Pablo CA 94806 

Coming Events 
ACTIVITIES 
"Places to go ..." 

OHIO: TheCuyahogaFallsARC's3Othannual Electronic Equtp- 
men! Auctlon and Hamfest. Sunday. February 26, North Hlgh 
School. Akron 8 AM to 4 PM Tlckets $2 SO advance. $3 00 at 

RTTY-EXCLUSIVELY for the Amaleur Teleprinter One year 
COUNSELORS Connecticut brother sister camp Complete 
lyequlppedwlth hamradlostat~on Program tncludeseleclron 
ICS kt1 bulldlng, codeandcommun~cat~ons June25 August22 
Send resume Lloyd Alb~n (NZDMQ) Ken-Mont and Ken Wood 
Camps 2 Spencer Place Scarsdate. NY 10583 

FOR SALE: Heathk~t SB 104A w~th complete mods Spare PA 
board Power supply ex1 VFO Best offer S Pavone 
2013355732 

$7 00 Beginners RTW Handbook$8 00 ~ncludes]ournal Index 
P 0 Box RY Cardlff. CA 92007 

FlLTERSlor Drake R-4C recelver FL-250, FL-500, FL-1500, new. 
each $55 00, HP-608FR late model slgnal generator. 10 MHz 
thru 455 MHz. 19" panel wlth bluelgray cablnet. $375 00, 
USM-140osc1lloscope. DC-25 MHz dual Irace, trlggeredsweep 
$295 00. URM-26 slgnal generator 4 MHz thru 400 MHz, 
$185 00, Jerrold900Asweepgenerator. 500 kHzthru 1200 MHz, 
$325 00. Tektronlx L-30 spectrum analyzerplug-1n925 MHzthru 
10 5 GHz. $345 00. All excellent lab tested. add sh~pping. phone 
704-524-7519 SlepElectron~csCompany. Hlghway 441, Otto. 
NC 28763 

IMRA tnternat~onal Mlss~on Radlo Assn helps mlssloners - 
equlpment loaned. weekday nel. 14 280MHz.2-3PM Eastern 
Br Frey. 1 Pryer Manor Rd . Larchmont, NY 10538 

door Sellersmaybrlngownlablesorsomeava1lablefor$2 00. 
aovancetaolereservatlonsadv~sed Talklnon87127 For~nfor- 
matcon CFARC. P 0 Box 6. Cuyahoga Falls OH 44222 or call 
KBJSL(216) 923-3830 

-- 

INDIANA: The LaPorte Amateur RadloClub's Wlnter Hamfest, 
Sunday February 26 CIVIC Aud~tor~um In LaPorte Starts 7AM 
Chlcago tlme Admlsslon $2 50per person 8tt longtablesavalk 
able for $2 OOeach by reservatlon Goodfood, coffee, eC Talk 
In on 52 simplex SASE for tables, tlckets, or ~nformatlon to 
LPARC, P 0 Box 30, LaPorte, IN 46350 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radlo Austrla Ham Aadlo Holland 
Karln Ueber P051bus413 
Postfach 2454 NL 7800 Ar Emmen 
0 7850 Loerrach Holland 
West Germany 

Ham Radlo BelQlum 
Sleraohouse Ham Radloltaly 
Brv~~el~elleenweg 416 Vla Pordenone I 7  
B 9218Genl 120132 Mllano 
Eelglum llaly 
Ham RadloCanada 
Boz4W. Goder~ch 
Ontarlo. Canada N 7 A  4C7 , " ~ ~ n ~ ~ ~ ~ ~ ' t z e r l a n d  

Ham Radco Europe Posllacn 2454 

801 2084 D 7850 LoerraCh 

S 19402Uppland~ Vashy WPSI Germany 
Sweden 
Ham Radto France 
SM EleClronlc 

Ham R a d o  UK 

20 bss. Avedes Clarmns 
P O  Bor63 Harrow 

F 89WOAuxsrre 
Mc!dlesez HA36HS 

France 
England 

Hem Radio Germany 
Karin Usher Holland Radio 
P O S I I ~ C ~  2454 143 Greenway 
0.7850 Loerracn Greenslde Johannesburg 
West Germany Rep~hl1~01 Soulh Alr lca 

MICHIGAN: The 14th annual Llvonia Amateur Radlo Club's 
Swao'n Shoo. Sundav, March4,8AMto4 PM, Churchill Hlgh "HAMSFORCHRIST." Reachother Hams wlthagospeltract 

sure to please Clyde Stanf~eld. WA6HEG. 1570 N Albrlght. 
Upland. CA 91 786 

~ c h i o l  In ~ l v b n ~ a  plenty of tables, refreshmentsand free park- 
Ing Talk ~n on 144 7515 35and 52slmplex Forfurther~nforma- 
tton send large SASE to Nell Coffln WABGWL, Llvonfa ARC. 
P 0 Box 21 11. Llvonla. MI 48151 QUICK-FIND Callslqn 104 Ou~ckly know 11 and when you .. - 

v,orke<i tnatcan . ana I you wan1 to Nor*. 11 agalnl $2 00, Iullpr8ce. 
0,. c d  F r ~ r l  2725-H Sano crest Canlonmenl. Florida 32533 OHIO: Clnc~nnat~ ARRL '84 StateConvention and Flea Market. 

February 25and26. Reglstration$5. Fleamarket$4perspace 
both days. Forums, meetings, vendors, Wouff Hong, banquet. 
Hospitality suite Fr~day and Saturday ntghts Write' Clncinnati 
ARRL '84. POB11300. Clnclnnat~. OH 45211 or Call (513) 
825-8234 

ENGINEERING SOmWARE: Free brochure SPP - Slgnal 
Processing Program General purpose program analyzes bear  
and non-bear Systems and clrcults and the11 effects on user 
speclf~ed waveforms Translent analysis. 512 polnt FFT & In- 
verse FFT Laolace transfer tunct~on analvsrs and man~pulatlon 

KENTUCKY: Glasgow Swapfest. Saturdey. February 25.8AM 
CST 111 Glasgow Flea Market Bulldlng 2m1les south of Glas- 

~on.l~neart!m'edomatnman~~ulat~on w i r k s w ~ t n ~ ~ ~ ~ ~ t o p r e  
vloe trans en1 analys~s for t~near ctrcults, PLOTPROloplot re- 
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Get Your Best Deal. 
Then CALL US..  . TOLL FREE! 

1 18 0 0 1 2 3 8 1 6 1 6 8 (In Tennessee, call 901-683-9125) 

When you call, talk to a Qualified Ham Operator! @ KE N wo o D (Ask for MARSHALL, KUIO, or BILL, WITNP) 

AUTHORIZED DEALER FOR: Kenwood, ICOM, -1 Drake, Ten-Tec, Santec, MFJ, Astron, AEA, Mirage, WE 
B&W, Hustler, Cushcraft, Larsen, Hy-Gain, and TRADE! 

After the sale, others.. . . PLUS CURRENT USED GEAR 

it's the service (1 Memphis Amateur Call for free appraisal 
that counts! 

Electronics, Inc. 
Monday-Friday, 9 to 5 1465 Wells Station Rd., Memphis, TN 38108 Saturday 

to (Cent;al Time) 

gowon ntqnway ~ l t  Larqe Ilea marker rrPecottct, tree park 
Ing Admlsston$2perperson noPxtracharqelorPxh!b~lors One 
treelabkperexhtb~tor exlratablesava1labl~lor$D00~ach Talk 
In on 146 34194 or 147 63/03 For lnlormatlon WA4JZO. 121 
Adalrland Ct Glasgow KY 42141 

NEW JERSEY: Sprlnglesl'84 sponsored by the Shore Pants 
ARC. Salttrdav. March 10 l rm9AM 104 PM. Attanl1cCounlv4.H 
Cenler EqgHarborClly approx 15m1lesw~slofAllanl1cC1ly 
Largehealed lndoorselllngspace Coveredta~lgal~ng(weather 
permltllnq) Sellers $5 per space wllh own lable Buyers $2 50 
advance $3 00 day ot hamlest For lntormallon SPARC P 0 
BOX 142 Absecon K108201 

PENNSYLVANIA. The 1984 Lancasler Hamlest Sunday Feb- 
ruary 19 Guernsey Sales Pavllllon U S Rts 30and 896 Lan 
caster 0800 lo 1600 dealer se!up 0600 Commercial lables 
(ma~n hall) $15 00 Nmommerc~al(rearannex)S IXl General 
admtsslon $3 00 Tadgat~ng lree wllh general admlsslon (weath 
er permlttlng) Talklnon 146 61 and 147 015 Send resewallons 
to Hamlest Commtltee P 0 Box 6082 Lancasler PA 17603 
Please make checks payable lo  SERCOM Inc 

MICHIGAN TheCherwland Amateur RadloClub s 1 lthannual 
Swap N Shop. ~ e b r u a ; ~  11, ImmaculaleConcept~on Elemen- 
lary Schoolgym. 21 8 V~neSIreet. T r a v e r r e C ~ l y . P M  
Tables53 00eachw1lhsetu~a16 30AM Admlss1on$2 50 Talk 
In on 146 251 85 For detalls SASE to Jerry Cermak. KBYVU. 
3905 Slusher Rd . TraverseC~ly. MI 49684 

OPERATING EVENTS 
"Things to do ..." 

FEBRUARY 1 TO 12: NORAC (NorIhOkanagan Radto Amateur 
Club) will beoperallng a spec~al event slallon durlng Western 
Canada s largesl W8nterCarnnal NORAC wlltoperateVE7NOR 
from 21 00Z lo 24 30Zdur1na lhls llme In Ihe General Donlon 
oleach bandabout50KC up Call"COWlnterCarn~valAward" 
The award IS available lo all Amateurs Worldw~de who contact 
3Vernonareaslal1onsoroneOSOw1thclubslal1on Theaward 
IS free but $1 00 or 2 IRC s lo  cover postage would be 
appreclaled 

Keep those valuable 
issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Bind 'em 
together and enjay 
for years to come. 
You'll be happy you 
did! 

HAM RADIO BINDERS 
Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col- 
lection of Ham Radio. Year 
stickers included. 
UHR-BDL $6.95 ea. 

3 for $17.95 
Please add $2.00 for shipping 

and handling. 

HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 

AVTZOJO- 3 h n d -  11'4- - 

AMER-EXP Ph 1-30 
236-5333 9 A  
my. All Am 
manay bmc* 1d.l 

4 6 3  CADDELL COIL CORP. dq@ 
I'III'LTYEI'. VT. 0 5 i 6 1  N O Z . ? R 7 . ( O : . i  

Wf LIKT IL) WINI)(O11S-lRVllS 
COILS FOR HOMEBILT 

Sardlnc Sender 80 Melrr ORP Rlq 
o s ~ 0 c 1 ' r v p  15 $9 m 

ORP Tlansmalcn.25 Wmt Max 
ARRl Handbook p 350 750 

Tuna Tin 2 WAS 40Mrlpr Tfansmlller 
OST May 76 p 21 5 75 

M ~ I  Mtrer 5 Dwam Recetver 
OST Sep 7 6 ~ 2 1  13 75 

20 Mclrr Direct Conrarrlrm Recelvel 
QST Apr 78 p I2 7 50 

Amplsln~c la HW-8 ORP TranKelver 
OST Apr '79p I 8  I 3  80 

Harmontc Flller (lor above) por band 5 W 
LOW Freqmncy Tran9m~tl~r 

S9 Snp '79 p 23 9 W 
R~CDS I K I u ~ P  W91Rqe 

BALUNS 
GelPOWER~nlo~rnnlmnn Sn. kRRL Handbo*;~ Y15n 19 9 W 6 2 0  
IKW-4 1 Impedance 112 50 
ZKW-4 I 15 LW 
IKW-6 I 9 I. 01 1 I lpch onel rr LW 
ZKW-6 1 .  9 1 OI 1 1 Ipckon~L 16.511 
10OKW-4 1.6 1.9 1.0, I I~p*ckonst R 511 
Many other mlerssl,nqrml hzlr m otr NEW LIST K. You mu31 spno .+ 
qlammd envelow lo recmveour cod kt1 lhrl f l  118 
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QUAD BANI 
BEAMS 

7-1 4-2 1 -28 MHz 
THE NEWEST INNOVATIVE 
ADDITIONS to the TET LINE 
FEATURE TRUE MULTI- 
ELEMENT PERFORMANCE 

e ON 4, NOT 3, BUT 4 BANDS. 
HB443DX ALL ON A SINGLE BOOM I I ne433~d\ 

AII the usual TET multi-band beamfeaturesare included In these two models. including wide bandw~dths. 
Increased gain, low SWR, light we~ght and superlor mechanical construction and easy assembly 

Prellmlnary SpecMcstlons: HB443DX HB433DX 

Active Elements 7 MHz 3 2 
14 MHz 4 3 
21 MHz 4 3 
28 MHz 4 3 

Gain 7/14/21/28 6.2/9.8/9.1/8.8 2.118.218.717.3 
FB Ratio 9/14/21128 12.4/21.8/22.3/20.1 0121.7/22.3120.2 
Power 1KW CW 1KW CW 
VSWR 7.0 - 7.1 2.0:l or better adjustable 

7.1 - 7.25 2.0:l or better adjustable 
14.0 - 14.5 21.0 - 21.45 28.0 - 29.0 1.5:l or better 
Boom Length m/ft. 6.0119.8 4.0113.2 
Max. Element Length mlft. 9.25/30.5 9.25130.5 
Weight kg/lb 18.0139.6 14.6/32.1 
Introductory Price $450.00 $325.00 

DISTRIBUTED BY: 

2775 Kurtz Street, Sulte 11 
San Dlego, CA 92110-3171 
Telephone (619) 299-9740 

AVAILABLE FROM YOUR LOCAL DEALER: ctronics Telex 181747 
OR: Louis N. Anclaux WBGNMT 

Ft Myers. FI 33906 -6017 ih. Al l  Phones (813) 936 1397 
1/ 153 

/ 
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because lndlv~duals assume s~tuatlons are safe when they are not 

lnstallat~on and d~smantllng of towers IS dangerous and temporary 
guys of su f f~c~en t  strength and slze should be used at all tlmes 
when lndlv~duals are c l lmb~ng towers dur~ng  all types of lnstalla- 
tlons or dtsmantl~ngs Temporary guys should be used on the 
flrst 10' or tower durlng erectlon or d~smantllnq. Dlsmanll~ng 
can even hc more dangerous slnce the c o n d ~ t ~ o n  of the 
tower. guys. anchors, and/or roof In many cases 1s 
unknown 

The dlsmantllng of some towers should be done 
w ~ t h  the use of a crane In order to mln!m!ze the 
p o s s ~ b ~ l ~ t y  of member, guy wlre. anchor, or base 
fallures Used towers in  many cases are not as 
inexpensive as you may think i f  you are injured 
or killed. 

Get professional, exper~enced help and 
read your Rohn cataloq or other tower 
manufacturers' catalogs before erectlng 
or d~smantllng any tower A consultation 
w ~ t h  your local, profsss~onal tower 
erector would be very lnexpenslve 

O ~ v ~ . . ~ r l r 3  ,>I lrNn Inc 
67 18 Wv<I Plank Rc,ad 

Tr:ll 'em you saw it in HAM RADIO! 
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Clean up the 
radio/computer 
clutter. 

For less than $250 
you can make your 
investment in yoursdf 
pay off! 
Chances are you have spent a couple 
thousand dollars on setting up a comput- 
er system that gets a lot of your work 
done. But sometimes it gets to be work 
to work at it. 
I know that when I have to move two pro- 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that I am going to 
identify some day) on top of the mon~tor 
and book the is on business top of the check- printer MICRO-OFFPCE 4 
. . . and I will remember (I 
hope) before the next "re- 
portv comes through . . . WORK CENTER &.- 
that is work. 
I found the annoyance of my own "corn- biggest and best surprise is the low, low price plus shipping charges if you return 
puter clutter" was wen worse than the prlce for such good quality. the workcenter within 30 days for any rea- 
extra work the d~sorder created. And that Here is what you get-all foronly $249.50 son whatsoever. In addition, the product 
is when I started looking for some practl- plus shipping, IS warrantled for any defects in materials 
cal my computer set UP. Mar-reslstant work surface, Your choice or C O ~ S ~ ~ U C ~ I O ~  for a full year from date of 
I had already spent a lot of money on the of oak or walnut grained. Work surface purchase. This is a no-risk lflvestment in 
system itself. I was really dismayed when height is adiustable to your keyboard, your your own productivity and work efficiency 
I found out how much it would cost to get chair, your height, that will pay off for years to come-even 
a decent-looking desk or even a data table if you do not yet have a microcomputer of 

Two shelves plus work surface exten- your own, for myequipment' %loo $500 ' ' ' even 
der Both shelves tilt to lock in positlon so more for a sleaiy unlt that looked like junk! 

In fact, ~t was junk! And it took a long trme that monitor faces you-in a positlon that Take your choice for your own work 

for me to find something that was really does away wRh screen glare squinting and center decor: 

worth the money. . . and more. 
neck craning forever. Retainer bar keeps Order 48-inch unit in walnut, #2~p0-945, 
equipment from sliding off shelf. Snap-ln or in oak, #2~po-g47. Only $249.50 for A lot of my working day is spent with my bookends hold reference manuals and each unit plus $20.00 shipplng charge. computer, and I will bet a lot of your time programs, 

is too. So I figure a "home" for my sys- On orders for-two or more un~ts at the 

tem-a housing that is good looklng as Strong, sturdy and steady. All-steel same time, shipplng charge applies to only 

well as effic~ent to work at-will pay off welded frame constructlon IS concealed the first unit ordered. Shipment made 

two ways: by top-quality wood grain surfaces wlth UPS, so we cannot ship to post office 
finished tnm. Adjustable floor levelers ~ n -  box. Illinois res~dents please add $15 per 

Less an efficient and orderly lay- cluded. The work center is really a piece unit sales tax. Please allow 10 extra days 
out will save me tlme and energy. of fine furniture. for personal checks to clear. Sorry-at 

2. good quality fur- There is no risk in buyingfrom us either. these special offer prices We Cannot Ship 
nlshlngs look better; they just plain feel We will make a full refund of purchase c.0.d. or bill direct. 
better to work at too. 

So Imagine how good I felt to find the C A U  T O U  FREE TODAY WHILE SUPPLIES LAST: 1-800/323-8064. 
"Micro-Office" Work Center! These are In Illinois call 1-3121251-5699. Or mail check with order to: 
fine pieces of computer system furniture 
that make my office-at-home as pleasant 
a place to work as ~t ought to be. And the 

Micro-Mart Distributors 
Dept. HR 1131 Central Street Wilmette, lL60091 

More Details? CHECK-OFF Page 108 February 1984 107 
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Order today! 
NEW 1984 
R A O l O  A M A T E U R  CALLBOOKS 

K n o w n  t h r o u g h o u t  t h e  w o r l d  f o r  a c c u r a c y  . 
t h e  1 9 8 4  C a l l b o o k s  a r e  a b e t t e r  v a l u e  t h a n  
ever  b e f o r e  . T h e  U.S. C a l l b o o k  c o n t a i n s  o v e r  
4 3 3 . 0 0 0  l is t ings;  t h e  F o r e i g n  C a l l b o o k  has 
o v e r  4 1 3 . 0 0 0 .  M o r e  t h a n  1 0 0 .  0 0 0  changes 
h a v e  b e e n  m a d e  in e a c h  e d i t l o n  s ince  last  
y e a r  . Spec la l  fea tu res  i n c l u d e  ca l l  changes. 
S l l e n t  Keys .  census o f  a m a t e u r  I lcenses. 
w o r l d - w l d e  Q S L  bureaus.  I n t e r n a t i o n a l  
Pos ta l  rates. P re f i xes  o f  t h e  w o r l d s a n d  m u c h  
m o r e  . Y o u  can ' t  b e a t  t h i s  value1 O r d e r  y o u r  
1 9 8 4  C a l l b o o k s  n o w  . 

E t h  Shlpplng Total 

0 U.S. C a l l b o o k  $19.95 $3.05 $23.00 

o F o r e l g n  C a l l b o o k  18 .95  3.05 2 2 . 0 0  

O r d e r  b o t h  b o o k s  a t  t h e  same t l m e  f o r  
$41.95 including s h l p p l n g  w i t h i n  t h e  U S A  . 
O r d e r  f r o m  y o u r  dea le r  o r  d l r e c t l y  f r o m  t h e  
Pub l i sher  . F o r e i g n  res iden ts  a d d  $4.55 f o r  
s h i p p i n g  . l l l i n o t s  res iden ts  a d d  5% sales t a x  . 

Keep your 1984 Callbooks up to date . 
T h e  U.S. a n d  F o r e i g n  S u p p l e m e n t s  c o n t a l n  
a l l  a c t l v l t y  f o r  t h e  p r e v t o u s  t h r e e  m o n t h s  
l n c l u d l n g  n e w  l icenses . A v a i l a b l e  f r o m  t h e  
p u b l i s h e r  In sets o f  t h r e e  ( M a r c h  1. J u n e  1. 
a n d  S e p t e m b e r  1 )  f o r  o n l y  $12.00 p e r  set  
l n c l u d l n g  s h l p p l n g  . SPeClfy U.S. or F o r e i g n  
S u p p l e m e n t s  w h e n  o r d e r l n g  . I l l i n o i s  res- 
l d e n t s  a d d  5 %  sales t a x  . O f f e r  v o i d  a f t e r  
N o v e m b e r  1. 1 9 8 4  . 

1/ 175 
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D e p t  . F 
9 2 5  S h e r w o o d  D r  .. B o x  2 4 7  
L a k e  B l u f f  . IL 6 0 0 4 4  . USA 
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Reader Service 

For literature or more information, circle 
the appropriate number on this card, affix 
postage and send to us. We'll hustle your 
name and address to the com~anies vou're 
interested in. 

Limit 15 inquihs per request. 

NAME CAL- 

ADDRESS 

CITY STAT; ZIP 

Ptsase UM) before Much 31.1884 February 1984 





I 10 M H z  Oven Oscillator '"' :'IG 

10 Hz to 1.2 C H r  . l PI'M ACCURACY 

5 's  X i X  I ' ,  
50 Hz to 512 MHz 
I PPM ACCURACY 

TCXO 

ALL MODELS HAVE 1 YEAR WARRANTY 

Option,il factory installrd rrchar$eablc batrr-ry pack availablr 
FOR DEALER LOCATIONS 

OR PHONE ORDERS 
800.854-1566 

5625 Kpnrny Vl l la Rond 
Snn O t ~ q o .  C A  92123 

Oillfornla Call 619-569-6582 
Telcx US97120 -DATAMAX-103 

MODEL 

Dm 

D510 

Dhl? 

Dl2W 

AC 12 A C  ADAPTE9 $8 95 1 .1700 BNC-nAST 21 ANT BR q5 RAC12 W 3435 RAC5 929 95 

/ 130 

8 APPLIED INVENTION 
wt SOURCE tmso,m sran 0, tw t  a m  

0 Ga AS F E T S by MtTsUBlsHl 
A , 4 1 1  , ,A A 

PRICE 

$14995 

117995 

$75995 

$29195 

% ? , , 4  , , , I , ,  ,,,,,,I~,.P<rGri, " hX,,~I'Vl , \ h , b <  O K I.,.," o n  ,,rod , 1 -  , , .,,,hi .. 9 , .  4 ;:::;:; 9 

-UP YOUR ERP- 

FREOUENCY 
RANGE 

X I H I 5 3 : '  MHz 

50 H: 1 fl GHz 

50 HI-l 2 GHz 

10 Y: 1 2  GH: 

For HT uwn+.rs operat~ri In\ltir a k t  111~ I+  .i i d  want~nq 
~ncreased 7 i R  ranqp RF PWOD~CTS has  the low cost 
so lut~on 

Remove your BNC antenna from the HT and mount on 
the RF PRODUCTS BNC maqnet mount ~nsta l l  the magnet 
mount on the roof top and connect the BNCco ax conne~tor 

The magnet mount (part no 199 445) has 10 feet of small 
(5132 ) co ax w ~ l h  BNC connector attached and 15 p r ~ c ~ d  at 
$15 95 ( ~ n c l u d ~ n g  sh~pplng by UPS to 48 states\ 
TO ORDER - send $1 5.95 money order or cashiers check only 

Fla. residents add 5% tax, tor air UPS add $1.50 

7.; ' 

The RF PRODUCTS Magnet Mountsareoneof the few magnetic antenna rnountsavailable 
that can be repalred should theco-ax cable bedamaged. Theco-ax cableconnector Includes 
a shr~nk tub~ng stratn rel~el for longl~feat theconnectorlcable flex polnt(an RF PRODUCTS 
exclustve on all cable assernbl~es) 
E~ghtother rnodelsava~lable w~th threeeach chotceof antenna connectors, co-ax types and 
transceiver connectors (BNC. 1-118-18. 5/16-24 8 RG-122U. RG-58AlU. mlnl 8X R RNC. 
PL-259, type N) fl 174 

ACZURACYOVER 
TEMPERATURE 

1 PPM I 7 '35 .C  
TCXO 

TIME P A S E  

0 1 PPM M-U+C 
PROPORTIONAL 

10 MHz OVEN 

W . I ,  I I  0 '11 t i .  

0 R D 2 ROUTE 21  HILLSDALE NY 12529 
518-325.391 1 r /  109 

More Details? CHECK-OFF Page 108 
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CALL LONG DISTANCE ON YOUR HANDHELD 

The Model 335A will deliver 35 watts of ts are backed by prompt fac- 
power using the latest state-of-the-art cir- nd technical assistance. To 
cuitly. The amplifier will operate SSB or iar with our other fine pro- 
FM and is compatible with ducts in the amateur radio 
most handheld trans- market, call or write for our 
ceivers, including the free product and small parts 
TR2400. TR2500. IC-2AT. 
Yaesu. Santec, and Ten- 
Tec. Only 300 mw input will Model 335 A 
deliver 5 watts out; 3 watts 
in will deliver 35 watts out. Wired & Tested $89.95 
Maximum ~nput drive level 
is 5 watts. Communication - rn =Concepts inc. r m 

POWER 
RE0 

H 1'1 VDC 
300 M A  

A:, ',, 
" C  ,J r ,," 
110 V A C  

R 1') VI IC  
! d m  M A  

SENSITIVITY TYP 
50 HI 2'. MHz 

I ' i l i 5 O M V  

t5 !I( 511 M V  

15 10 50 MV 

25 MHz.dSO MHz 

?n  to  5" MV 
I d  150 MU: 

~ l r ,  l o  100 MV tr  I Gu: 

I S  10 50 M V  
IC 450 M H 1  

'0 lo ! P O  MV 10 1 !;st; 



A fresh idea! 
Our new crop of  tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch; no  counter 
is required. Frequency accuracy is astonishing + . I  Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoder/decoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones.And, of course, there's no 
need to mention our one day delivery and one year warranty. 

a 6-1'- COMMUNICATIONS SPECIALISTS 
420 West Tafl Avcnuc, Orangc, California 92667 
(800) 854-0547 /California: (714) 998-3021 

/ 125 
SS-32 $29.95, TS-32 $59.95 



The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of 
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe 
yourself a look at this one-of-a-kind technological wonder! 

Factory equipped for 2 meter operation, the FT-726R is a three-band unit capable of operation on 10 meters, 6 meters, andlor two segments of 
the 70 cm band (430-440 or 440-450 MHz). using optional modules. The appropriate repeater shift is automatically programmed for each 
module. Other bands pending. 

Powered by an 8-b~t Central Processing Unit, the ten-channel memory of the FT-726R stores both frequency and mode, w~th pushbutton transfer 
capability to either of two VFO registers. The synthesized VFO tunes In 20 Hz steps on SSBICW, with selectable steps on FM. Scannlng of the 
band or memories is prov~ded. 

1 1  r i , , ,  ,,-.\ nr,~, .> 

The opt~onal SU-726 module prov~des a second, parallel IF strlp, thereby allowlng full duplex crossband satell~te work E~ther the transmlt or 
recelve frequency may be vaned durlng transm~ss~on, for qulck zero-beat on another stat~on or for tracklng Doppler sh~ft 

Borrow~ng heav~ly from Yaesu s HF transceiver experrence, the FT-726R comes equ~pped w~th a speech processor, var~able recelver bandw~dth. 
IF sh~ft, all-mode squelch, recelver aud~o tone control, and an IF nose blanker When the opt~onal XF-455MC CW f~lter IS ~nstalled. CW W~de/ 
Narrow select~on IS prov~ded Convenient rear panel connections allow quick Interface to your stat~on aud~o, h e a r  ampl~f~er, and control l~nes 

Leading the way into the space age of Ham communications, Yaesu's FT-726R is the first VHF/UHF base station 
built around modern-day requirements. If you're tired of piecing together converters, transmitter strips, and relays, 
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the rig that will expand your DX 
horizons! 

Price And Specifications Subject To ~r 195 
Change Without Notlce Or Obligation 

The radio. i/ 

YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (21 3) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 450 11 (513) 874-3100 
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