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The S 

The IC-751 is the most 
advanced transceiver avail- 
able today. It's a competl- 
t lon grade ham receiver, a 
10OKHz to  30MHz continu- 
ous tuning general coverage 
receiver AND a full-featured 
al l  mode solid-state ham 
band transmitter. The IC-751 
also covers the new WARC 
bands, MARS frequencies, 
and i c  AMTOR compatible. 

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

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

.~ 

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

FILTER SPECIFICATIONS 

Operating From 12V, th 
IC-751 is also available with 2 
optional internal AC power 
sbpply, the IC-PS35 ... for the 
wlnnrng edge In held day 
competl tion. 

STANDIVID FILTERS 

AMCemmlr CFUl45'a1115', hO 

SS8 (PWl XrAl PI- 10 1011  5 2 3 

FM Fln~r A a l l  5 I5 I - rR I  

IS8 Na- 
IHW'..dr 
CVUII 6 1 . 4 ' ~  455  2 4  

OPTIONAL FILERS 

C U I N ~ ~ W  r l - ' , ~ ~  a ,  arm 
- ~ - Options. IC-EX310 speech C\VNa'rew "'"* ' >  "'%' 7 l?  i c -  751 [ , r l  ~ v l r I r \  ~ ~ 1 ~ 1 ~ ~ 1 1 ~  

SIB Wdr F1 10 "011 5 > R  
lOOKHz - 30MHz Receiver synthesizer, internal IC-PS35 ,,,,,, ,, ,, ,,,,, ,,, performance f i x  ;1II amateur 
105dB dynamic range power supply. external IC-PSI5 ,..,, ,,.,,, ,,, , ,,,, radio operators...fronl novlcc 
OSK - full break-in CW or IC-PS30 system supply, AM 61-34 WOO IIU to extra class. See the IC-7 
(nominal speed 2OWPM) IC-SMB two-cable dcsk mic, at your local ICOM dealer. 

Now with a ONE YEAR Warranty! 

First rn iominunication 
/ 1 

ICOM Amerlca, Inc.. 2380-116th Aue NE, Bellevue, WA 98004 / 3331 T o ~ l ~ r ~ ~ o d  Drlue, SuIte 307, Dallas. TX 752. 
All staled ~ ~ u l f l u t l o n s  are a!wroxlmate and waJm to change wllhout notlce or obllg.rllon All ICOM radlor slgnlrlrmlty exceed FCC regulaIlonr Ilmltlng spurlou% emlsslom 751: 



lhat To 
ook For In  A 
hone Wtch 
I? hc..~ u.5~ I<# c l~ r id r  
lac patch is ri!lhl h,r U<III 

rt, (itrt ~lc*ritlv u-hat it 
llch 41r,r1lrl r l n .  t l  patch 
,r,uld: 

Ci\.t. I ~,rnl~lt*tv c.ontrol I t 1  

thv rncrhile., c~llcru,ing h ~ l l  
hrvitk in ~q,vr,+li<~n. 

Nc~t t~ltc.r(i.n. with 1111~ 
nc~rln.tl ~,pvrdlitm <PI vcnlr 
I  ti^ 11 +lr#,~lld 
1101 1,-qi~irc, WOII 111 cr111. 
nec~ altll diwo1111~rI ci10- 
IPS Ianr flip \u,ilrh~.*!l 
ri,Cn, litnc. UOII u.i~Ii 10 

IIW 1,<3&1r ritd~c, ;I\ ,I n<Br. 
m,%I l~a%fs \ldIton. 

N~II d ~ l w n d  on vol11111u or 
CCJIIPIC h svtrinq* c~f uollr 
rndit, 11 s l l ~ ~ u l ~ l  work t111, 

sanlv ruqdrdlvss of ufhil l  
yrn~ 111, witlt t l l ~ s r  c011- 
lruls. 

V11t (III(IIII~I IIC ilhlc 
hear u,$tlr h;l\v s l i t t i~~n 
slwnhrr witlt 1 1 1 ~  p.1tc11 
ins~nllo.cl. Hvni~.n~l~rr ,  UIIII 

have <I hn\c. \ration hr-  
cituu. ~hcsrc. dre ~~ iob i lv \ .  
ON1 ( ) I  I l l 1  M MI(;lIT 
N I I ' I )  111 l I' 

The pal'-h s l l # ~ ~ l l d  ha\.c, 
s~ i tnd i~ rd  Ir;ltl~r*.s .?I 

ne, ~.ytra c.<,\c. Thew' 
shr~ulrl incllldc. ~lro!lranl- 
tnahlc tcr l l  r ~ ~ s l r i r l  (clip 
su,i~c hv\l. ~ C D I I I ~  or rc>tdrv 
dinlinq, pr#,!lri~rnmahl~, 
pn lu l !  rat~d d c l i v i t v  
timpr\. nnel frcrllt palll*l 
indicnrors #,I c.ll,lnn~*l ilnd 
pnrcll .ilattl\. 

ONLY SMART PATCH 
HAS A U  OF THE 
ABOVE. 

low Mobile 
Bperators Can . 
injoy An 
Lffordable 
'ersonal Phone 
'atch. . . 
\(.111111111 1111 <.\II('III11\,I* 
r,Jlw.vtt8r 
111111111 'tnv I 'M Irl~~i(.~.ivt.r 
.I5 r l  l',i,+. .1.1111111 

Thv v,<-rvr I\ ., 5IMl'I.I S 
nu~ 'q~ , t~c l~ .  111~ SPlAHT 
P..vrcI I. 

;MART PATCH 
s Easy To Install 
,, ,,,,t,!ll .7filAi<l l!.ll'('tl. 
131111~t I 1111, ~ i l ~~ l~~co lc t r v< l  
~ ~ I ~ X I I O . ~  'itvlv 1il>ht~1 <.,slalt* 

, ,,,I, ~,ll,l!~~. r,T,.,\<,r 
iw r i n~~ t~ ,~ I< t r ,  1'1-1, A I I ~  

'>U,.l. .\ ,,lt~~llll,ll f l l l < b t l t ~  

qwd i, l~rsni, l~*<l Icar C ~ ~ I I .  

v r  tittt~ yotlt IIIIIIIII. \\'c- 

."I.  \ l > l r l , c l  .11111>1~." . . 
r 151 

SMART PATCH 
Is All You Need 
To Automaticalty 
Patch Your Base 
Station To Your 
Phone Line. 
I -I. .\MAHI I!*lTCll fa!r 

Mol~ilc lor rwwttc ltCt\cl 
III ~'lltrrlv 1111'' virl \ i t l ~ l ~ l ( , \  

l,,l,,.. (,,.,. I1q I . I  . bltbhilv Mt4~iIv ti,! ~ r t -  

I,, l l  l1,1<1. ..!.I- 

lit,trc b,r ~ ~ v t c ~ ~ ~ ~ l r ~ c l  rrltl#lv 
Iwv lig 2 I 

II*I~.I~IIOII(' lillv 111 111<)1)1;1. 
1,,r r f~ l l , ~# l#~  hilsl.I. 

SMART I'tlTCII IIW% 

\ltlI'l I 'X  I%!\Sl '-.I!\~ 
I ' M  )V I OC III'MI W I : k g ,  

l,#,lIl ~,r,l#n#tn~ l3.1%4. \let 

I SMART llAT(lf 
'low\ 11115 U~I~IOIII intvr. 
fvri~wl tv1111 tht, t~a*r~ii.lI 
$ 1 ~ .  c n f  u'mr r,td~n~ 

Communications Electronics Specialties. Inc. 
I,( I I%#,\ 2'J:itI. titntvr I 'd~l<. I lL8rvl~t :{2701l 
I t~ l t .1~11t~1~~~ 1:i1)5) (~15-047.1 Or u U  toll-free (800)327-9956 

im 
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before you panic, get the facts 
Picture yourself in a quiet restaurant with your spouse or friend. Without warning, the peaceful 
atmosphere is disturbed by a loud discussion - its content quite private in nature - from across the room. 
It gets your attention and you find yourself listening. But suddenly you're jolted by an authoritative voice 
directed at you, informing you that you've just broken the law. Your offense: listening to a private conver- 
sation. 

That scenario, half-jokingly told to me by Joe Schroeder, W9JUV (see Presstop), has a remnant of truth 
in an analogous situation. There are presently in the works two bills (HR-3378 in the House of Representa- 
tives and S-1667 in the Senate) that could make it a federal crime to listen in on certain conversations 
received over the airwaves. 

Before you panic, listen to the following facts. Several voice and data-handling organizations - specifi- 
cally the Cellular Telecommunications Industry Association (CTIA), the Electronic Mail Association, Telo- 
cator, paging, and video conferencing industries - do not want their communications intercepted. Sounds 
reasonable enough. The problem, as I see it, is in their methods. These groups are lobbying (quite strongly, 
I might add) for Congress to pass what is now known as the Electronic Communications Privacy Act of 
1985, which would prohibit anyone in the United States who has a general coverage receiver or similar 
type device from listening to transmissions at will. If, for example, you inadvertently tuned your receiver 
or scanner across a cellular phone conversation and continued to listen, you'd be breaking the law. 

The problem is not the desire of these industries to protect their customers' privacy, but their assump- 
tion that the general public should be asked to forfeit its right to listen to radio transmissions without 
restriction. 

What about us Radio Amateurs? Aren't we excluded from this situation? Yes and no. In preliminary hear- 
ings, six broad categories - including Amateur Radio - were considered. But when the subject of Ama- 
teur autopatches came up, an initial response from one of the subcommittee members was that since the 
telephone is involved, reception of these types of transmissions might not be part of the exclusion. 

Keep in mind that both the House and Senate subcommittees drafting this act - which, incidentally, 
may turn out to be the single most important piece of legislation affecting us since the 1934 Geneva Radio 
Convention accords - are still in the preliminary phases of the project. This is the time to let your senators 
and representatives know that you're very interested in these bills even before they come out of the Senate 
and House subcommittees." You want your representatives to acquire the facts and understand your con- 
cern about potential encroachment on and abridgement of your operating privileges. It might not hurt for 
you to remind them of the helpful services Radio Amateurs have provided and will continue to provide 
to the public in emergencies - without desire for or expectation of recompense. It would be nice to leave 
them with some positive suggestions that they could take to the subcommittees drafting the legislation. 

The problem, as mentioned before, is one of fear: people in the commercial communications industries 
are concerned about possible interception of their signals. But as foolish and unworkable as it would be 
for the "authorities" to tell all the clients in the hypothetical restaurant scene to close their ears, so would 
it be for the government to tell radio owners what kinds of transmissions they should or should not listen to. 

What would make more sense would be for the cellular and other voice and data-handling organizations 
to utilize some form of encryption - be it non-standard forms of modulation, tone insertion, inversion, 
or coding. The necessary technology exists, and one application of it is in daily use in police departments 
across the country. Otherwise, just imagine a scene in a penitentiary, wherein one pathetic soul is asked 
by his cellmate, a thrice-convicted murderer, what his crime was. . .and the poor soul replies, with great 
timidity, that he was caught listening to a radio transmission. 

Rich Rosen, KZRR 
Editor-in-Chief 

"In the House of Representatives, the Subcommittee on Courts, Civil Liberties, and the Administration of Justice; in the Senate, 

the Subcommittee on Patents, Copyrights, and Trademarks. 

4 January 1986 



Incredible Flexibility! 
TheTM-211A 2 rn and them-411A 
70 cm transceivers combine ultra- 
compact size with an impressive 
array of features to give you maxi- 
mum flexibility in mobile operations.' 

flexibility! I 

I keep an eye on an ~mportanl channel 
when mon~torlng other frequencies 
F x t e n d ~ d  tr~c~t!fxncv s o v ~ r c ~ o ~  on L m 

TM-211A covcrs 1.32 149 MHz 

T x t ~ r  ~l.:! speaker. , .  . 
~ M C - 4 2 s  ;ebtltnr UPI~IOWN hand A hlgh-c~~~all ly external communications rhr .  tr r , lc l t r , ,  ,II~III I 1,;111rrl IS ~l+.!;~gned m~r:roptionr! MC-55 (8 p~n )  rrloblle slleaker 1s provided for the hest sound to Increase op(?r,jt~ng and ~nstallnl~on lnlc:rcillhorlc wllll tlrrlr~ciul Ilmer (111a11ty. 

5-channel memory with multiple 
ease. panel 'lay he moved MA-.1000 d~j;jl hantl n ~ o b ~ l e  nnlrnn;~ 
provide [he t)est vlf:wing angle and wllh rlur,lexer . SW, , / 2  2 170 c.nl 

scanning functrons. hanrl~est access lo controls. 
The transceiver can scan the memory DCS-Digital C,,de Squelch, 

100 W ;lntr:nna tuners SW-100AIB 

channels or can be programmed to SWRIl~owrr rnr:tcr!; PG 3A nol:;r! 
Program your transt:elver to respond flltr-r ME :)oi c->rtra rnoh11~ ninunt scan all or a porllon of Ihe band. 

rei.t,lvr?r I<: ctls[~l:!y rnll!; tionfd 
TRIO-KENWOOD COMMUNICATIONS 

,- r I,,,,, 1m1e <,.,vtr,. n,ar,,,;,p, ;,,<. ,,"3,l,>l,f,. f:,, .,I1 I,,<, K ~ , > W C , < > d  I,,,"SC ,,,".',% ,#,Xf rrl\, ' . f 2, c f ' \,MI<'< 
1111 W,.'.I W:,lfl,rl !>lll...I 

<,,,+,, .f,c,t lmr.. 3 t ~ f  f~r~rt . , ,  ,$tr v r t > , < , ,  I In ! ll,t?!L)? w!lht,z~l tnt>fM l' T Y  l > ~ ~ l ~ ~ ~ l l ~ ~ f l  
Cnnll,ton. (;.~hlnrrtt.t '10:'?(l 



A SER ICllJ9 F'D'l-EW'T IAL Tt4REAT 'TO ESI'ABL ISHEII AMATEUR RADIO PRAC'TICES may be develop ing 
,as t.he "E lec t  r.onic Conimc.~r.ri c a t i o n s  P r i vacy  Act o f  1985" moves toward c o n s i d e r a t i o n  by bo th  
t . h ~  U. S. Senate arid Iklouse o.f Rearesentat ives.  'The two b i l l s ,  I-iR..-3378 i n  t h e  House and - - -~ - ~ 

S-i667 i r i  t t ~ e  Senat el  were i r - ~ i  t i a l  1 v i n tended  t o  simp1 y nial::e ear l i e r  Congressional a c t i o n  
i i qd ins t  wi r -e tappi r iq  apply  t o  r-adio-r .elayed da ta  t . ransf e r .  They p rov ided  an o p p o r t u n i t y  
t h a t  was quic1::l y se ized  by t h e  c e l l u l a r -  te lephor ic  i n d u s t r y ,  a1 ready deep1 y cor~c:erried about 
Llip sectrri.t:y (3-f i t c  8011) IlHz cornmunicatioris as scanner-.; move i n t o  t h e  micr-owave reg ion .  

Alttioucllr fimatf?ur Radio I s  (3rie Se rv i ce  Spec1 f i c a l l  y Exempted, a long  w i t h  f i r e ,  p o l i c e ,  
dl14 st.vc:r.cil, uI:trc:?r-s. .fr-tiin t:he h i  1 I s '  pr .o l i ib i  t i c~ r r s  aqa ins t  ~.~nauLtior-iaed " i r i terc :ept io~ i , "  i t s  
L . l r ~ r  e I . a ! r~ t i l ~ y  "pr ut..ac.l.. i .ur~ist" c-bar-actet. cou ld  d r ' a s t i c a l  l y char~ge, i f  not. p r o h i b i t ,  some 
pup1.11 dr .  Atnateilr ser.v ices. FYor- examp1 e, ttir? b i  l 1 s ' d r a f t e r s  would appar-entl y c h a r a c t e r i z e  
any " i n t e r c ~ p t i o r r "  o f  a rad io - - re layed  telephorre c:onversatiorr by anyone except  those  
acl:ucil l y pa r - t i  tri.pa.tir~cj as ,A f e d e r a l  cr-ifne wit:h pussit11 y no excep t ion  f o r  Amateur 
k\\u.t.opat.ctics c3r phone pe\,t.c:hir\y! Drre si.tbcorrinii.ttee s t a f f  rneniber has even been qiroted as 
. fee l  r11u th,eL .%I. 1 Alna.tec..tr- i n t e r  connec t ion  w i t h  I:.l~e t-eleuliorie svstem i s  ooss i  b l  v i 1 l e o a l .  

I t~ouqtr t h e  f'renii se Pr i vacy For. f3adi o- -Carr ied Personal Comnrur.~i c a t  i oris i s  a 
wor-ttly oft@, tl..is t.1ills c::ould, i r ~  e.ffect-, r - es~ lh t  i n  a case o f  c l a s s i c  over l : : i l l . .  I r r  i t s  
rrr esprit: f o rn~ ,  t : h ~  1ropor;ed l t ? g i s l  a t i o r l  c:oirld, -for. eb.' .,,trnple, ,.. dec l a re  vas t  po r - t i ons  o f  .the RF 
spactr.t.r~n, i ~ r c l u d i r i q  most o f  l:.he shor-t alid lorrg wave bands, i 1 l e q a l  ter r i . t o r y  f o r  t h e  SWL 
or o ther  raclic.i hobbyist .  not: t.o nielit.iorr t h e  t-errs o f  m i l l i o n s  o f  scanner owners i n  t h e  
1J.S. Thus .far- t h e  Ledyue's pos i  t . i o r ~  kids beell o~ re  o f  " w a i t  and see," i 1 . 1  apparent b e l i e f  
tt1a.t. Anla.teur F?at:lio ' 5  "f??:enrpt.ion" w i  1 % be si.tf . f i  c i  ~!r . i t  t o  s tave  o f  .C any nega t i ve  e f  f ec ts .  
H ~ w ~ v a r - ,  i 1 . 1  i:l.)f? dbseric:~ o f  s.trolrq A n ~ d t e ~ ~ r  represeri ta. t ior? i r i  p r -o tect ior i  o f  cur rent .  nmateur 
p r i v i  l eges  iincl pract. ic.es, t h e  b i  11s '  i r n p a ~ t  on Amateur Radio cou ld  a c t u a l  1 y be q u i t e  
cjeveY"e" 

61nate~lr.s Should Corrtac.t. l ' t ieir: Serra.kor.rj and Represen ta t i ves  and adv ise  them o f  t h e i r  
d e ~ ~  C O I I C ~ ~ I ~  t h e  r : ~ u t e ~ i t i a l  e f f e c t s  o f  .thest. b i  11s on bo th  Amateur- Radio arid o t he r  
c i t : i zo r l r i '  a c t i v i . t i e s .  O.ffer-s o f  t e c h n i c a l  exper t i s e  a5 t.o t h e  l e q i s l a t i o r ?  ' 5  e f  f e c t s  might  
IJL. welconleil Ihy I-ha 1eqisl~:a't::or-55 as we l l .  Ele su re  t o  i n s i s t  ' that  they  1::eep you adv ised as t o  
pr.oqr.ess iirrd sic~ni. f icarr t : .  chstrrc)es as t . t ~c  b i l l s  nruvc? toward passage. 

IFiOI) lCJL(3CA'T ICJN I..iA!i; LiE:EN ASSIGNED 'TI--IE lY00..-20GIlZ) P::l..iZ BAIVD, t h e  FCC anrrounced i n  ear-l y 
IV~lveinbt.r . Air~at..t?c.~r Radio w i  11 , t~owever , cc~rrZ.ir'ir.ct! t.o share that.  p o r t i o n  u f  1.60 meters on a 
Sec.ulrciar y L.i'+si r. IrnpeLur for. ~:II(.? sIri . f t :  was WAR(3 " 7 ' 9 ,  wl.lj. c l ~  e:.:pc+nded the  AII broadcast  band 
t..~y.~w~ir(:.I .i~~t..c.~ F i d c l . i ~ ~ l o ~ . . a t i i : ) r ~ ' ~  .f:orm~)r lhVIS.--1705 1::1-12 s l o t .  II-Ic~LI~~I ct "Secoridary" s t a t u s  mearrs 
/4(ndt.ectr C.)I:IE:!~ ,:if:~.i~. li fi~t.(st.. I.dl.::e p,:i;ti I 1%; ,l.:o .ivc.ri d I, 1.1 tur.f:er i ~,I:I w l  Lh opt?r-at i  uns  o T t h e  1 3 -  i rnar- y 
t.,tsc:r I:;, , 1 t ic? I IE:~. f:,!.f + c:!~.,, t. 1.111 ~)I~II~*~..E.!I (r $5 she.11.11 e l  Lie? r ~ e y  :L i. cj i t:) l c,. 

I,l.i;l:~t !; 1.31. IJl.cIc!l.~-i~~d liacii.c..r:Ic.~c.at.~o~~ !iiy!a.Lc?(ns l',o~.~ld kle L.icc?~.-isrd or1 lbI1) as ear- ly  as 
f.int,Jc!r. , 1 9 ~ ) ~ :  ,..!, tsl..~t. I IO large--?ic;ilb! ntovement t o  t . t~eir .  new ba11d i s  expected 1.1rrti 1 mid-1987 

. . ,51itJ ovc:~,~ t.lieri 1.1si3ue ir s.I:.j. 11 l i b : . t ? l  y .kc> be 1 i c ) t i L  arrd inost l  y i n  l i m i t e d  qaoqr-aphical 
eas. 

A (.;CJt~IFF.:flENCf~ IlS 1.)15;CL!SC.i F'F;I'!GF<E:SB AND F'RCII::IL.F:IIS I:lf' 'THE. vOl..lJN'l"EER EXI>IIIINEK PROGRAM i s  
t.ir.ili,j ~ i l  .rr~~~ct:l c.ic.~r i . 1 1 ~  I tic rJr I alidu t lafnf :~s.t  . I'larct~ I 9, 1986. Sponsored by C:ABI- (Cr~uric i  1 t o r  
Ci(f id.t~r~~r f t r id iu E;.:af~iirrir~q) , tl.11' ~ ~ ~ 1 ' 5 s i o r 1  w i  I. l bt! O ~ D E : ~ I  .t.u it1 1 VECs, VEs, etrrd o ther  i n t e t . es ted  
pdr  I. .I cli; wtlrt l ~ c r  C;/.)I:iE ,nernber .; ut #-rut. C:or~t.irc t 'C:I4RE tor f  ctrLl.rer. dc2tdi 1 s. 

I:/'rF:ZL:. Ileirrt>or s t ~ j  b~ Hcct es Have Now Becr~ Set.. allcl a1 1 wt~o ' v u  r.c?clucr.t ed i . r ~ f  orrnat.iorr or1 t h e  
11cr.w 11dt.1 o ~ r a l  VLrC ~ I ~ . ~ J I . I : I  r:d.I:.i (311 %l111~1ld hi \ve I . . ~ C C ? ~  VW(J i ~ ~ e ( ~ ~ L ~ e r ? ~ h i p  i r i  f  ortnet i  or1 by now. Ucres For. 
a VEI: i ~ r  cj..t~~in&tt i,l_rrr a r e  :$25 per year ,  wl- i i le Oerrer-a1 frlc:."irfibers (VE:s acc red i t ed  by a member 
VEC:) cr~usl.. pc+y 6lV.i <.r1ilrt.t~i1l.y. Dt..tes for. A\: .-l..ar.ge membc?r-.; (VEs w i . t t . 1  accr -ed i ta t ior r  f rom a 
r~ori.--(.:fiRE i~ieint.~c.v ) ancl Asz,oci e tes  (ar~vt::)r~e e l s e )  tcre + 15. 

(:ARE Nuw I.lc4s A F 'e rma~~t?~ i t  Ivlcai 1 i n y  Address: I .  11. Hu;.: OCr6,  Ciletlvi t+w, I 1  1 i ~ r o j  s b0025. 
filvlk'i f:l!liS Wt.IC1 ' Vtl:: L..(:!ST' THE: If< 1.. I LENSES NAY NI:3 1 lJSE ONl:)7 HEFi 'iMfi'TEUH ' S S r A  r I ON for- any 

F ~ t t .  t.l~c.?r / \ l ( r~~~l .~? i .~ t -  c :~~ . )~ rd l : J .~ r i .  t l ~ e  C:on~tntni. ssi ! :~ner-s d a c l d ~ d  i n  a Rauor-t arid Or.dl-r- ol-I F'R I)ocl:.et 
85-"rl. 'T t~ t !  cjuest. ior~ tiad a r i s e n  i n  t.he L ~ i s e  o f  a .f+ormer West Coast Amateur whose 1 icer lse 
brad healrl r-avol::ed .fur. v ar . . '  l o u s  violat:. i .~.ins al.1~1 whch wa~ilec:l t o  r-emrdil~ a c t i v e  us rng  . f r i ends '  
st. ,:\ k. i orrs. "rl'lu t:larr per.t. cilrls ., .' .to ,\l'iy {\i11at e1.1r 1 icerr!i.ee wl,iose 1 i i : . e r~%e tras beer? revol;:ed or  
?:tu:spc.11d6:d .fat ,a1 1 o r  p a r t  o f  1.Ire 1 ice~.rsc? tr.r.cn, who ha:; s1.1r.r-eritjer-etJ h i  5 1 j.cerise .For 
c..cir~c...rl. 1tr.t i f : ~ l i  i l r  c..c:ir~r~t:?~l..%orr w i . t . b ~  arl a c t i o n  ctyairl!s.l. t ~ i ~ r ~ ,  or wt~o i s  sub i s c t  t o  a "Cease and 
1)c?sxstu order, tl.lalr rc.l~,ttc!!s t.o 1i.i.~; LAtn,al.oc~r- Radio ac:: t iv i t ieu. 

F.ir i vi. 1. eqos .:tbove '50 Mliz (250 wa.t:t.s ni"~>: i r~lurrr) L I S ~  114 urrl y c~)innierci erl t rar ls(ni  t t  i r ~ g  equi  pi~ier~,t :  
I  I W L : I ~ :  : \ I -  y  i ~ r . + l l i t i ~ r  =in(.i c3pcratiun, ve ry  ba!si.c theor 'y,  ari-Lelir'ras, 
p r ~ d  r t . . ~ l  b:!s. Movj. IIU .t.o t . t ~e  secc~rrd l eve1 wui.tl.d reql.tir e or11 y a I:>--.WPM code e:.:am and wuirld 
e:.:.Lerr~J t l ~ e  saino p r i v i  l t?qes below 30 Mt.iz. Tchp 1evt.l woc~ltj r -equ i re  pass inq ;in e:.:am o1.1 
"ac:Jvtrrrct.c.J e1ect:r or i i  c: , theory, " t.kic?ri per r r ~ i  t. u s i  rry home.-.~biri l t. r q u i  p~riwnt and L I ~  t o  a L:i 1 owat t .  
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Handy Handful ... 

TI< 2600A ~ h o w n  TR 3fi00A1savadabl~~ lo, / O  t r r ,  ,>ilt.r.#lli>rl 
Cornplele rervlce rnanllJh are .avarlablr l o r  ,111 Ino Krrlwo<lrl  Iranzrclvws and rrrorl . ~ r - t . c s n r l e c  
! ; , ~ P c I c , ~ ~ ~ ~  andprtces arr suh,t)cl lo clrang~ w!lflolrl rlnllC(' or ohbg.ll~oo 

TRIO-KENWOOD COMMUNICATIONS 
1111 W ~ s l  Walnut S l l r ~ l  
C o r n ~ l o r ~ .  Callloln~a 1)0?:17 



AFFORDABLE PACKET RADIO FROM RaFJ 
An identical TAPR TNC 2 clone with a new cabinet and added features ... for an incredible $129.95. 

$12gg5 All yw need Is your rig, home computer with a RS-232 serial port and a 

MFJ-1270 
termlnal program. If you have a Commodore 64. 128 or VIC-20 you can use 
MFJ's o~tional Starter Pack to oel on the alr immediately. You (let Inteffac- 

Join the excltlng packat radlo revolutlon ~ n d  enjoy error-free CO~rnunlCI- 
l o n r  ... for an incredible $129.95. 
MFJ brlngs together efficient manufrcturing and TAPR's ~ ~ U C S O ~  Amateur 

Packet Radio) leading edge technology to brlng you affordable packet radio. 
You get a nearly identical clone at the widely acclaimed TAPR TNC 2 with 
identical software and hardware. It's In a new cabinet and Includes a TTL 
serial port for extra versatllity. 

Here are MFJ's latest and hottest produc 
SUPER 

MFJ4.96 

Sl69.95 
Prim sl~:h@d SU% to $169.951 Get a full feature 

Super Keyboard that sends CW/RTTY/ASCII for 
the price of a good memory keyer. 
Y w  gel the convmlence of I d a d l u t d  kIvbolrd 

-no program to load-no interface to Wnnect- 
just turn it on and it's ready to use. 
Thl: 5 mode Supr Keyboard lets you send CW. 

Baudot. ASCII, use it as a memory keyer and for 
Morse Code practice. You get text buffer, pro- 
grammable and automatic message memories. 
error deletion. buffer preload, buffer hold. 

TRIPLE OUTPUT LAB POWER 
SUPPLY M F J ~  3149.95 

Lab quallty power supply ylves you plenty of 
voltage and current lor all your analog and dig- 
ital circuits. 3 completely isolated outputs. 2 
variable 1 5-20 VDC a1 0.5 amp and a ltxed 5 
VDC at 1 amp. Connecl in series or parallel 
for higher voltage and current It's short cir- 
cuit protected, has excellent line (typ.0.01%/ 
V) and load regulation (typ.O.l%). Lighted m a  
terr monitor volt./cur. 12x3~6 In. 110 VAC. 

CROSS-NEEDLF SWR/WATT 
METER M F J ~ ~ S  559.95 

buttons select three power ranges that give you 
ORPtolull legal l~ml t  power readlngs Reads 20/ 
200/mX) W forward. 5/50/500 W reflected and 1 1 
to 1 5 SWR on easy-to-read two color scale Llght- 
ed meter Needs 12 V 5 10% full scale accuracy. 
6% x 3% x 4% Inches 

ing cable. terminal software ontape or disk and cornplate lnstiuctlons ... 
everything you need to get on packet radio. Order MFJ-1282 (disk) or MFJ- 
1283 (tape). $19.95 each. 
Unllke machine rpwlflc TNC:, you never have to worry about your MFJ-1270 

beina obsolete because you chanoe computers or because packet radio stand- 
ar0s;nange You can use any computer wlth an RS-232 serlal port and an ap- 
propriate termlnal program If packet rad~o standards change. software up. 
dates WI I be made ava ~aDfe as TAPR releases them Also speeds In excess of 
56K bauds are Dosslble wltha su~tanle external modem1 Trv that wlth a ma- 
chine specific TNC or one without hardware HDLC as highei speeds come into 
widespread use. You can also use the MFJ-1270as an inexpensive digipeater. 

It features the latest AX.25 Version 2.0 software, hardware HDLC for full du- 
plex, true Data Carrier Detect for HF. 16K RAM. simple operation plus more. 

Joln the packet radio revolutlon now and help make hlrtory. Order the 
MFJ-1270 today. 

:ts for improving your station's performance. 
2 KW COAX 
SWITCHES . MFJ-lm 

inrtlnt(v o ~ s c t  IW $19.95 
antenna or rig by 
hrnlng I knob. Or- $29.95 MFJ-l7Ot 
ganizes coax cables 
and ellmlnates plug- 
ging and unplugging. 
Unused terminals are 
grounded to protect 6mi6m 
your equipment for stray RF, statlcand Ilghlnlng. 
2 KW PEP. 1 KWCW. For 5010 75ohm. Negligible 
loss. SWR. and crosstalk gives high performance. 
SO-239s. Convenient desk or wall mounting. 

MFJ-1702. $19.95. 2 porltlonr. Cast aluminum 
cavity construction gives excellent performance 
up to 500 MHz w~th better t h a ~ ~  60 dB isolatinn a! 
450 MHz. Heavy duty. low loss swit~h has less 
than 20 milliohm contact resistance. less than 0.2 
dB loss and SWR below 1 :1.2 2 x 2% x 1 inches. 

MFJ- lm,  $29.95.6 potllonr. 'Nhile markable 
surface for recording ant, pos~tions. 8'/2 x 1% x 3 in. 

ANTENNACURRENT 

MFJ, $79.95 
Thl: now brwkIhm MFJ Anhnm 

Currant Pmbs lets you monitor RF 
antenna currents-no connections 
needed! Determine current distri- 
bullon. RF radlallon pattern dnd 
polarizafiw of antennas, transmis- 
sion lines, ground leads, building 
wirinq, quy wires and enclosures. 

lndiuts i n n t m ~ u ~ o n  Ilne ndlatlon due to high 
SWR, poor shielding or antenna tbnbafance. 

Data3 rrradlatlon from ram gutters and guy 
wires that ca:, distort antenna rield panerns. 

Dated RF ndlatlon from ground leads, power 
cords or build~ng wlring that can cause RFI. 

Oetormlne If pround system IS effective. 
Plnpolnt RF Imlugo in shlelded enclosures. 
Locats the WSI place lor you1 mobile antenna. 
Urn as tuned ftela strenght meter. 

Manlton RF current by sensing magnetic field. 
Uses an eleclrosta~~cally shielded ferrite core. FET 
RF ampltfier, op-amp meter ctrcult lor excellent 
sensilivitv. selectivitv. 1.8-30 MHz. Has sensi- 

MFJ's Best VERSA TUNER 
M F ~  $149.95 

MFJ's bert 300 watt tuner Is now even~bettw! 
The MFJ-949C all-in-one Deluxe Versa Tuner II 

gives you a tuner, cross-needle SWR/Wattmeter. 
dummy load, antenna switch and balun in a new 
compact cabinet, You get quality conveniences 
and a cluner-free shack at a super price. 

A new cros+needle SWR/Wanmeter gives you 
SWR, forward and reflected power-all at a sin- 
gle glance. SWR IS automatically computed with 
no controls to Set. Has 30 and 300 wan scale. 

Run up to 300 wans RF outpul-and match co- 
ax, balanced l~nes or random wires from 1.8 thru 
30 MHz. Tune out SWR on dipoles. vees. long 
wires, verticals, whips, beams/quads. 10x3~7 in. 

DIGITAL SWR/WATTMETER 

-- 
Fully automalc Dlgitll SWR/Wanmeter reads 

SWR 1:1 to 1:99d1reclly and tnstantaneausly-no 
SWR knob to set. Huge 0 6 inch brlght Orange 
digits make across-the-room reading easy. 12 
segment LED bar graph wanmeter gives inslan- 
taneous PEP readings up to 2M) wan RF output. 

Good, brd. ml~nutch trlcolor LEO: Indlute 
SNR condltlon:. Small sue (5'/1 x 4% x 1 In ) and 
easy-to-read digital d~splay makes 11 ldeal for mo- 
bile use For 50 ohm systems. 1.8-30 MHz. 12 
VDC or 110 VAC wtth MFJ-1312. $9.95 

MOBILE ANTENNA MATCHER 

- .. - 

rla outs out more power and qenerates lescheat. 

.. 

OBLIGATION. IF NOT SATlSFlEij RETURN WITH- 
IN 30 DAYS FOR PROMPT REFUND lless shlpplng) 

One year unconditional guarantee Add $5.00 each 
shipping/handling Call or write for free catalog. 
over 100 products. 

tlvtty, ba;ldswltch. t h e  controls, telesmptng an- 10-80 meter whtps. Easy plug-ln ~nstallatlon. 
tenna for field slrenght meter 4 x 2 x 2 ~nches instruct~ons. Flts anywhere, 2%~2%ln.  

MFJ E-~F DEALER. CALL TOLL-FREE ;;:T 

MFJ ENTERPRISES, INC ( Carl 601-323 5869 In MISS nf id  oulslde 

Box494 Mt~,r~ss~pp~ Slate. MS39762 1 m"f'nen"fal USA Telex53-4590 MFJ 
'lKV 

-- 
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comments 

Novice Privileges 
Dear HR: 

With reference to T. Dillingham's 
(KABDOE) comments concerning 
Novice privileges, ("Comments," Sep- 
tember, 1985, page 151, it seems 
KABDOE wants a "reward" for being 
a Novice for six years. This is itself a 
reward, as originally the license was a 
one-year, non-renewable affair, and 
before that, of course, did not exist at 
all. 

I can't believe that anyone who 
aspires to increased operating privi- 
leges can't master the skills necessary 
to pursue their interests in a six-year 
period. 

The tone of this letter suggests that, 
for some at least, adding any addi- 
tional benefits would only make them 
more complacent, thus defeating the 
purpose. 

Ray Cunningham, W3YBF 
Ambler, Pennsylvania 

Dear HR: 
We are in sorry shape, I fear. A 

casual chat with our Section Manager 
revealed that many Amateurs in 
Nebraska are against the ARRL's 
enhanced Novice Privileges Proposal 

- some adamantly so. If this is true 
throughout the United States, I think 
we have big problems in that I believe 
this is just the attitude that will be the 
death of our hobby. Look at the 
numbers on page 9 of the August, 
1985, issue of QST. The numbers are 
still not in our favor. 

One of the favorite arguments 
seems to be that the bands are crowd- 
ed enough already. Oh, really? Has 
anyone tried operating the HF bands 
on a weekday mid-morning? People 
who work nights should be made a 
target of our efforts if there is a general 
feeling that the bands are too crowd- 
ed. The bands certainly are not over- 
populated most weekdays. 

Some repeater operators are con- 
cerned about losing 220 MHz to 
Novices because they may have to find 
new territory for their control links. 
Yes, there are lots of repeaters.. .pro- 
bably more than we need in many 
areas, although not in Nebraska. But 
if they could take away band privileges 
by state they could easily revoke 220 
here since the control links wouldn't 
even occupy a space of several kHz, 
let alone 5 MHz. We are not going to 
keep the band if we just use it for con- 
trol links. We must get more people on 
the band one way or another. A space 
can be reserved for the control links by 
band plan as is done now. Novices can 
respect band plans, too: they must on 
the HF bands, and do. 

As one who acquired Novice 
privileges when phone operation was 
permitted on 2 meters, I see no pro- 
blem in once again permitting Novices 
to operate phone. This, as has been 
stated in League literature on the sub- 
ject, is even less of a problem now 
since the Novice license is renewable. 
During my term as a Novice, the 
phone privileges were taken away. I 
have often wondered whether this was 
a contributing factor to the seemingly 
low numbers of hams my own age (32) 
and other hams licensed about that 
time (19661 on-the-air. 

It's time to wake up, folks. There will 
still be plenty of room for those of us 
who like to tinker and prefer CW and 
SSB ragchews. But we have a dual 
problem: lack of population on the 
ham frequencies will lead to their loss, 
and ultimately to the loss of the hob- 
by; the lack of population will become 
worse if would-be newcomers are not 
interested in joining our ranks. This is 
the only real stab at a solution yet pro- 
posed and it appears to be one which 
has been given much forethought. 
Hams spoke out against no-code. Here 
is a compromise. Let's put away pet- 
ty differences and get behind it for the 
continuance of our hobby. 

Michael S. Lennen, KDBEV 
Omaha, Nebraska 

to key or not to key? 
Dear HR: 
Print this if you like. It's just for fun. 

To Key or Not To Key 
To key or not to key 
- that is the question. 
Should we drop the code exam? 
Dismiss the simple switch 
Or retain the day when ability 
was reckoned by the fist? 
To master the key 
is to be 
a radioman. 
To scorn the key 
is not 
to be. 
2001 - a CW odyssey. 
What a sci-fi mode! 
For each Jedi knight, 
a practice oscillator 
was dutifully stowed. 
Even on the Enterprise 
Uhura copied code. 
Does the future hold 

digital radio? 
Eighty-meter beams on 

a chip? 
Or will we turn 'round 

to see 
Digital radio 
to be 
the key? 

Bob Zavrel, W S X  
Sunnyvale, California 
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a frequency and level standard 
A little black box 

and some digital pulse magic 
produce a frequency-stable, 

high-level generator 

A good RF signal generator needs an effective elec- 
trical shield around its generating circuit. Without such 
a shield, it would not be possible to guarantee an accu- 
rately determined output level over a wide range of 
frequencies. In other words, the output attenuator 
would lose its credibility." 

Shielding an RF circuit requires more than just plac- 
ing the components behind a metal wall. Leakage and 
radiation will occur from almost anything electrical that 
happens to protrude from the circuit enclosure. Some- 
times a rather sophisticated filter system is required 
for stopping the interference that would otherwise 
spoil the output-level calibration, particularly at low 
levels and at high frequencies. 

This shielding requirement is only one reason a good 
RF signal generator is usually an expensive piece of 
test equipment, and difficult to build yourself. For me, 
it was the reason behind the rather unusual design of 
the frequency and level standard, which, of course, 
is just another name for a signal generator. 

design concept 
In principle, the idea is simple. A circuit contained 

in a hermetically sealed box can't have any filter prob- 
lems if there's nothing to filter in the first place. That's 
why I thought of designing a signal source without 
external controls, power cable, tuning, or level meter 
- just a box with an output connector. Everything 
except the output is kept inside. 

Thinking a bit further, putting such a drastic princi- 
ple into practice was not as easy as it sounds, and a 
few concessions were unavoidable here and there. For 
example, it's difficult to tune an oscillator and to have 
its frequency displayed through a solid shield. Conse- 
quently, I had to restrict the output signal to cover only 
a certain number of predetermined frequencies. 

The simplest way to obtain many fixed frequencies 
simultaneously is by adopting the frequency-marker 
principle; that is, by deriving harmonics from a crys- 
tal oscillator. This also guarantees good frequency sta- 
bility. To keep the many signals separate from each 
other they must be labelled; I gave them, therefore, 
different amplitudes, making them clearly distinguish- 
able. This was done with the help of a very elemen- 
tary digital processing circuit. 

A simple action - such as flipping a switch - could 
pose a problem if it had to be done through a metal 
shield. But this is also no problem: mercury switches 
mounted inside the circuit can be actuated simply by 
turning the box to a different position. 

The part that needs most switching, the variable 
output attenuator, is kept outside the shielded 
enclosure. This allows the signal generator to produce 
a uniform, but accurate, signal level over a wide fre- 
quency range. In fact, it turns out that it's not only 
the generator itself, but also the variable attenuator 
that determines the eventual level accuracy at higher 
frequencies. And the outboard attenuator can be easily 
replaced by an improved version at a later date. 

The cost of the active components (six ICs, includ- 
ing the voltage regulator) should come to not much 
more than $3.00. To sum it up, at least for many appli- 
cations, the box-with-plug idea works the way I hoped 
it would: as a good signal generator that is neither 
expensive nor difficult to build. 

synthesizer 
Many people who've tried to calibrate a receiver fre- 

quency scale using a frequency marker have had the 
experience of being confused by the different, but 

- 
'That IS to say, RF from a poorly shielded generator could combine with a By Hans Evers, PABCX, Am Stockberg 15, 
highly attenuated signal and provide erroneous results - ~ d .  D-5165, Hurtgenwald, West Germany 
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look-alike, signals. It is therefore an advantage to 
introduce signals that belong to a different order in 
the spectrum hierarchy. First the 1-MHz markers, for 
instance, then the 100-kHz markers, and so on. Usually 
this is done by turning a switch. 

.To avoid using such a switch, I tried a different 
method. The coarse markers were labelled by 
emphasizing their amplitudes (fig. 1 ). After frequency 
division of a 1-MHz crystal-oscillator signal, pulses of 

fig. 1. Typical output display spectrum as seen on a frequency- 
spectrum analyzer. Multiples of 100 kHz harmonics have sig- 
nal strengths corresponding to the standard S9. The MHz  
markers are about 20 dB stronger; the 10-kHz markers are 20 
dB weaker. 

different lengths arrive at the NAND gates. The 
product is used to interrupt the stream of 1-MHz 
oscillator-output pulses at regular intervals by longer 
or shorter spaces (fig. 2). 

The underlying mechanism that produces the differ- 
ent phenomena may be easier to understand when you 
realize what the pulse sequence would look like if the 
polarity had been reversed. Tuned circuits in a receiver 
recognize certain patterns in the stream passing by and 
therefore respond to certain rhythms. Thus, for exam- 
ple, the one-pulse space in the otherwise steady flow 
of 1-ps (1-MHz) pulses represents, in fact, a pulse of 
relatively longer duration. If such an event occurs regu- 
larly every 10 ps, it is capable of causing a response 
in a circuit tuned to a multiple of 100 kHz (being the 
repetition rate of the space). 

The reason amplitudes of the 1 -MHz markers stand 
out from the rest is not difficult to see. The train of 
1-ps pulses with each 10th pulse removed produces 
more energy in a circuit tuned to a 1-MHz multiple than 
to one tuned to a 0.1-MHz multiple (where, at the 
same time, the circuit has to manage with only one 
out of ten pulses). 

The two-pulse spaces responsible for the 10-kHz 
markers (occurring every 100 ps) produce energy that 
must be shared over 100 times as many signals in the 
frequency spectrum. This explains why the 10-kHz 
markers are so much weaker than the others. Of 
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fig. 2. Method by which the frequency spectrum is synthesized by creating patterns in a digital pulse sequence. - 
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course, all this tampering with pulses makes the total 
architecture rather complex. It is, therefore, not sur- 
prising to find that there's a practical limit to where 
the results remain acceptable, and where further 
refinements would create a less orderly spectrum. 
What happens is that if the mixture of pulses and 
spaces in between gets too complex, less-wanted pat- 
terns become recognizable. This results in poorly 
determined amplitudes. Therefore only the 100 kHz 
position (only multiples, all with identical amplitudes) 
should be used as a level standard. The spectrum- 
analyzer pictures show how the amplitudes tend to 
become irregular as the frequency spectrum becomes 
more complex. 

POWER SUPPLY 

7 8 L 0 5  

(BOTTOM V IE  Wl  CRI 
5 . I V  

CSV 
SIGNAL K ILLER 

0 \r 
01 

l O l H l  
MARKERS 

ON/OFF  I 
t 5 V  TO 
P I N S - U 5  

OSCILLATOR 3.3h 

Thus the imperfection is not so much the result of 
what a typical analog thinker (as many Radio 
Amateurs appear to be) might suspect: the wiring. 
Digital circuits are remarkably tolerant of construction- 
related problems such as breakthrough or crosstalk - 
and, for that matter, of poor layout, messy wiring, and 
horrible-looking breadboard creations. What is also 
appreciable is that from .the synthesizer output on- 
ward, only the absolute amplitude may change. The 
amplitude ratios between the different orders of fre- 
quency, once they have been encoded into a digital 
pattern, are not likely to be changed by following 
wave-shapers, amplifiers, or other analog circuits. 

Figure 3 shows the circuit as it was eventually 
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adopted; fig. 4 shows the socket connections of the 
ICs. Note that an electrolytic capacitor is provided at 
each individual IC for additional voltage protection. 

Figure 5 shows an oscilloscope display of a detail 
from the synthesizer output pattern showing some 
1-pulse spaces (indicated by A) responsible for the 
100-kHz signals, as well as the 2-pulse spacing (B) that 
produces the 10-kHz markers. Figures 6, 7, and 8 
show the different frequency spectra that are created 
by the pulse patterns given in fig. 2. 

output stage 

The output stage consists mainly of a pulse shaper, 
or "harmonic producer," based on the fact that the 
shorter the pulse duration, the more frequencies are 
produced, and consequently the frequency spectrum 
will be wider and the harmonic amplitudes more uni- 
form, though lower. 

How short should the pulse duration be for obtain- 
ing a reasonable compromise between frequency 
range and output level? For lack of more specific 
information in the otherwise plentiful literature on fre- 
quency markers, I investigated a few circuits I found 
in Amateur Radio publications. 

The output of a 7400-type NAND gate turns out to 
have an impedance of about a few hundred ohms and 
could, if necessary, be safely connected to a 50-ohm 
load. (The IC would even survive a full DC short from 
its output terminal to ground, if it ever came to that.) 
However, to permit a proper match into a 50-ohm 
device, such as an attenuator, a small network is 
inserted. This also permits an increase in frequency 
response at the high-frequency end of the spectrum. 

Figure 9 illustrates some of the networks that I tried. 
Note the important improvement by the one shot in 
fig. 9B. This simple circuit turns out very short pulses 
indeed. In this circuit, the last NAND gate receives the 
pulse directly at its top input. The pulse is inverted at 
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fig. 4. Socket connections of integrated circuits used in 
fig. 3. 

The frequency and level standard outside its enclosure. Nor- 
mally the entire circuit, power supply, and all control elements 
are inside the black metal box; thus all RF leakage is elimi- 
nated without the need for any filtering. 

the bottom input, and is delayed only by another 
NAND which acts as the inverter. As the output of 
a NAND gate is low only if both inputs are high, the 
total effect could perhaps be compared with letting 
a signal rush through the circuit, and immediately slam 
the gate shut behind it, chopping its tail. Thus, using 
an ordinary 7400, all output pulses have a duration that 
can't be longer than about 10 nanoseconds, the delay 
time of the inverter. The circuit produces adequately 
short pulses for creating a reasonably flat frequency 
response that covers all HF bands, requiring only a 
slight correction. 

The 7400 also exists in a more than three-times-as- 
fast Schottky version, the 74S00. This device produces 
even shorter pulses and makes it possible, at least with 
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fig. 5. Synthesizer output signal as displayed on oscilloscope. 
At A one pulse is inhibited. repetition rate 10 ps. At B two 
successive pulses are inhibited, repetition rate 100 ps. 

some correction again, to  create a flat response that 
comfortably includes the 2-meter band. At  the time 
the spectrum (which starts to roll off at 160 MHz) 
reaches 400 MHz, the amplitudes have dropped by 
about 15 dB. This would still make a good frequency 
marker for the 70-cm band. 

In the final circuit (fig. 3) an extra 50-ohm, 6-dB 
attenuator is inserted. This puts the output level at 
-73 dBm and provides isolation between the 
frequency-correcting network and a possible capaci- 
tive load at the output connector. 

The - 73 dBm level was chosen for a good reason. 
It allows sufficient compensation of the frequency 
response for including the 2-meter band. It also cor- 
responds with the IARU-recommended S9 level at HF 
bands. By leaving the output unterminated, the open- 
circuit output voltage produced by every multiple of 
100 kHz ( I I X )  kHz position) is 100 pV, or S9 at the 
high-impedance input terminal of an HF receiver. Ter- 
minated into a 50-ohm receiver antenna input, the vol- 
tage drops to the IARU-recommended 50 pV. 

Once the receiver S-meter has been calibrated for 
this level, the other S-points are easy to determine by 
halving the voltage for each lower S-point on the scale. 
To put it more practically, each S-point change in level 
corresponds to 6 dB. Just a few examples: S8 = - 79 
dBm, 5 3  = - 109 dBm. 

Somewhere in the last NAND lies the borderline 
between the digital and analog sections of the circuit. 
From this point onward, carefree wiring concepts are 
better abandoned. The resistor network between the 
NAND and output connector requires careful layout 
consisfent with good VHF practice. The resistors are 
best mounted free from each other and from other 
components, and with their wires as short as possi- 
ble. Printed-circuit technique is not recommended 
here. 

The shield box is electrically insulated from the cir- 
cuit ground except at the output connector, through 
the coaxial cable. 

oscillator 
Experimenting with ICs of the 7400 series, one may 

find that the different blocks, with their low input and 

fig. 6. 100 kHz position. Top: typical segment of output fre- 
quency spectrum as displayed on spectrum analyzer. Each 
signal frequency is a multiple of 100 kHz and has a level of 
-73 dBm + 1.5 dB, up to at least 30 MHz. Bottom: spectrum 
displayed over full usable frequency range. Although signals 
are no longer individually distinguishable, the display shows 
signal levels within 2 2  dB up to 160 MHz. 

fig. 7. Position: 1 MHz + 100 kHz. Spectrum of 100-kHz 
marker signals. with 1-MHz marker amplitudes emphasized 
by approximately 20 dB. 

output impedances, aren't the ideal elements for build- 
ing a crystal oscillator. If the crystal isn't very active, 
the oscillator won't work. Nevertheless, the reason for 
using this circuit is that the NANDs - four of them 
combined in one IC - happened to be available, and 
they draw supply current whether they are used or not. 

If the circuit doesn't work, it may well be possible 
to wake up a lethargic crystal by using different values 
for the resistors and capacitors in the oscillator circuit. 
However, it's also possible to overdo it, causing the 
oscillator to produce parasitics. In case of persistent 
recalcitrance, any other oscillator using one or two dis- 
crete transistors may do the job just as well, consum- 
ing only a few milliamperes of extra current. 
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fig. 8. Position: 1 MHz + 100 kHz + 10 kHz. Spectrum is 
shown with all markers in operation. 

power supply 
One disadvantage of the closed-box technique may 

be that it doesn't leave much opportunity for monitor- 
ing the battery-supply voltage. That's why a voltage 
regulator, supplied by a banery that has some voltage 
to spare, is incorporated. The 9-volt battery can be 
drained to the point at which its actual voltage drops 
to 6.4 volts before the regulator gets in trouble trying 
to keep up its 5-volt output (that is to say, this is what 
I found; the 78L05 specifications state a minimum in- 
put voltage of 7 volts). As soon as the regulator out- 
put becomes affected, the RF output level of the total 
circuit becomes unreliable. Responsibility for this is 
mainly the last NAND in the output stage, producing 
pulses with lower amplitude and consequently less 
energy. 

The problem of the aging battery is solved by apply- 
ing a form of euthanasia. The "signal killer" circuit is 
based on the principle that it is better to  have no sig- 
nal at all than one on which you cannot rely. As soon 
as the banery drops below 6.4 volts, the RF output 
signal is cut off abruptly (fig. lo), before it can cause 
incorrecttest results. This is done by blocking a NAND 
in the main signal path through a NAND inverter and 
a transistor. 

When the appropriate moment arrives, the act is 
performed swiftly, even in case of a very slowly deteri- 
orating battery voltage. The threshold is set by poten- 
tiometer R1 (fig. 3) to make the RF output signal dis- 
appear just before a reduction in amplitude occurs. 

Because an output signal that suddenly disappears 
can be disconcerting, I found it useful to provide a 
means of alerting the user to the imminent demise of 
the banery. If the box fails to deliver its output signal, 
just turn it to the position 1 MHz + 100 kHz + 10 
kHz. If only the 10-kHz markers are still present, this 
is a sign that the malfunction of the generator is the 
result of too-low banery voltage, and that there's no 
reason to expect anything worse than having to 
replace the battery. 
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The battery is normally switched on and off by a 
mercury switch, a miniature glass bulb in which a 
droplet of mercury makes contact between two wires, 
depending on the position of the device. With some 
three-dimensional imagination, it's not difficult to see 
how, using a switch, a circuit can stay switched on 
at a maximum of three different positions of the box. 
This is done by mounting the switch in the circuit wir- 
ing at an oblique angle with respect to the three axes 
of the box. Similar switches are used for switching the 
1-MHz and 10-kHz markers. 

If mercury switches are difficult to obtain, it 
shouldn't be difficult to think of something else, such 
as one or more reed switches and a movable magnet, 
for example. Another method would be to use a steel 
ball (a ball bearing, for example) that can roll around 
inside a little plastic box with contact wires, or in a 
little box made of printed-circuit board (fig. 11). 

The total battery consumption at 9 volts is about 
43 mA with all markers operational, or about 36 mA 
in the 100 kHz position. 
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attenuator 
The type of outboard step attenuator shown in the 

photograph has been described already in many 
Amateur publications. In this case, miniature toggle 
switches and 114-watt carbon resistors are used. The 
resistors are mounted on the solder lugs of the 
switches, with their leads kept as short as possible. 
For the rest of the wiring, copper braid (taken from 
thin coaxial cable) is used, soldered over the full length 
of the solder lugs. Braid is not essential insofar that 
it doesn't seem to extend the flat portion of the fre- 
quency response; however, I found that it can give 
a considerably smoother result at VHF. 

Production tolerances in the resistor-manufacturing 
industry appear to have greatly improved over the last 

9 8 7 6 4  6 5 4 

B ~ T T E R I  VOLTAGE I V I  

fig. 10. RF output as a function of battery voltage. An 
unnoticed drop in RF output level, resulting from an 
exhausted battery, is made impossible by the action of 
a "signal killer." 
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fig. 11. Substitutes for a mercury switch showing sug- 
gestions for an inclination switch using a steel ball. In 
position sketched: a-a ' closed contact, b-b ' open 
contact. 
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decade. At one time, a 10-percent resistor was almost 
bound to show a tolerance between 5 and 10 percent. 

Today it's not unusual to find that ordinary 10- 
percent resistors are in fact not much more than 2 per- 
cent off the mark. And as more accurate ohmmeters 
become available to Radio Amateurs, it's no longer 
difficult to obtain reasonably precise resistors. 

The required values for the attenuator are obtained 
by parallel combinations. In each combination it is 
mainly the lower-value resistor that is critical and which 
should preferably be within 1 to 2 percent. (Tolerances 
of resistors are like those of voltages, and the same 
rule-of-thumb applies: for small variations, each per- 
cent corresponds to 0.1 dB.) Alternatively, each com- 
bination should be brought as close as possible to the 
ideal value by selection and trial and error, using an 
accurate (digital) ohmmeter (fig. 12). 

Most descriptions of this type of step attenuator 
remain rather vague about the performance, particu- 
larly at higher frequencies. Therefore, f ig. 13 may be 
of interest, because it shows the test results of this 
home made attenuator, built with no particular care 
other than ordinary construction techniques. The 
device is accurate within 1 I10 of a dB or thereabouts, 
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fig. 12. Design parameters of toggle-switch attenuator with standard-value resistors. Practical column lists parallel corn- 
binations that most nearly meet ideal values. (All values in ohms.) Note: / /  means placing the two resistors in parallel. 

UD to 65 MHz: that is. as accurate as the resistors could 
be selected with the available DC ohmmeter. 

Figure 13 also shows the reason for the apparent 
reluctance to publish test results: at VHF precision 
tends to become questionable. Nevertheless, the gen- 
eral performance is still within the tolerance of the sig- 
nal generator, about k 1 dB uncertainty at 144 MHz. 

That the discrepancies are mainly the result of the 
many twists and turns in the signal path through the 
switches is also clearly demonstrated. Even with all 
attenuators in the OUT position (0 dB), the wavy 
character of the curve remains. This gives hope; it's 
not impossible that (cheaper) slide switches and N- 
type coaxial connectors would make an improvement 
on VHF. 

calibration 
The accuracy of the frequency can be checked and 

corrected by adjusting the oscillator trimmer while 
compari'ng a signal with one of the short-wave stan- 
dard signals such as WWV in the USA, or GDF in 
Europe. Because the circuit doesn't contain any vari- 
ables in the form of tuned circuits, the output level 
of -73 dBm should be fairly easily reproducible for 
HF by using the components as described. Up to, say 
30 or 40 MHz, the frequency response should remain 
flat within reasonable limits, even if the output trim- 
mer is simply replaced by a 10 pF fixed capacitor. 

In the multitude of standard-size 100-kHz harmonics 
there appear to be two exceptions where the ampli- 
tude seems to behave a bit freakishly: at 100 kHz itself 
and at 1MHz. I found relative levels of -4  dB and - 10 
dB, respectively. As yet I have no fully satisfactory 
explanation to offer for the phenomenon; it's difficult 
to speculate to what extent these findings may be typi- 
cal for the circuit. 

The output can be calibrated by comparing the level 

Toggle-switch attenuator. 
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of one of the 100-kHz harmonics (except at 100 kHz 
and at 1 MHz) with that of a signal from an RF gener- 
ator with a reliable output attenuator, using a radio 
receiver as a frequency-selective balance detector. A 
signal-strength meter is not absolutely essential. By 
comparing two beat tones, one immediately after the 
other, providing that they both have the same pitch, 
one should be able to match levels well within 1 dB. 

However, a professional RF signal generator could 
be difficult to  procure, and for the average Radio 
Amateur a more common audio generator might be 
more easily available. Audio levels are more accurately 
determined using an audio voltmeter or an oscillo- 
scope. Most audio generators cover 200 kHz, and a 
level comparison could be made on a long-wave radio 
receiver, using an audio meter or the human ear. After 
all, the 200-kHz harmonic is just as strong as any other 
harmonic in the entire HF spectrum of the generator 
and, even if it sits at an extreme end of the range, it 
provides a perfectly typical specimen upon which to 
base the level calibration. 

In case level corrections appear to be necessary, the 
resistors in the attenuator between output trimmer and 
coaxial cable can be replaced to change the 6-dB 
attenuation into a different value. Figure 13 supplies 
the data. 
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I Masterc 1 AmEx ,. , 1, 

8 - 
Exclusive! Resonant : ~ a r a  K- - 

Meters- at MHz : Straps for user - -- IEX) - E x p i r e s  : 
fine tuning ~ w . 1 0  10 28 675 : rl Check Money Order i 

KW-12 NEW 12 
KW 15 15 

24 B50 : 10 W M L J ~ M  or reouest tree full line catalog of i 
21 275 j b, 

KW-20 20 14 175 1 
,. call : rluns, ant8 

1 0  *. ..A,, 

3nna relay 

-800-5 
s and ants tnna traps 

27 KW-30 NEW 3 0  10.125 ! 
KW-40 4 0 7.250 ' 
KW-BOCW 80CW 3.625 j 24 ~ U U M ~ - I   VAT^ A WEEK! i 
KW-80F 80F 3.875 ; NYlHflAKlCAN residents please use coupon ; 

: or call collect 315-437-3953, 8-5 EST 
Need customized traps for a Special frequency? j 1 week delivery lor credil card 

2 weeks for personal check Now you can get them! Add 30% to standard price. i 
FREE catalog PC184 describes a complete line 60 DAY MONEY BACK G TEE i : UnadiflalReycollnline of baluns, remote antenna relays, and antenna : oivls,on ol Microwave Company, I 

trans in the 10-60 meter band. : 6743 Kinne Streel. East Svracuse. NY -.....' 
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PC/XTm COMPATIBLE COMPUTER 

ARE YOU LOOKING FOR AN IBM COMPATRE COMPUTER? 
DO YW KNOW WHAT COMPATIBLE WILL MEET YOUR NEEDS 
NOW AND H THE FUTURE? ARE YOU CONFUSED? 
THE FIRST T M  TO CLEAR UP IS THE QUESTION OF WHAT 
COMPAT@lUTY REALLY IS. YOU PROBABLY THINK THAT ALL 
COMPATIBLES ARE THE SAME. WELL LET ME TELL YOU THAT 
THEY ARE NOT. SOME OF OUR COMPETITORS HAVE THEIR 
OWN DEFINITION OF COMPATIBILITYn SOME MACHINES ARE 
HARDWARE COMPATIBLE AND SOME ARE SOFTWARE 
COMPATIBLE. VERY FEW ARE BOTH, MIR UNIT WAS 
DESIGNED TO MEET IBM SPECIFICATIONS SUCH AS 8088 CPU 
135W POWER SUPPLY, 8 EXPANSION SLOTS, 256K RAM, 
OPTIONAL 8087 CO-PROCESSOR 10 OR 20 MEGABYTE HARD 
DRIVE ENHANCED VIDEO FOR HIGH RESOLUTION GRAPHICS. 
STOP IN FOR A FREE TEST DRIVE AND BRING ANY SOFTWARE 
OR HARDWARE YOU MAY HAVE TO TEST OUR SYSTEM. 

MEMORY 256K EXPANDABLE TO 640K 

DISK STORAGE MAXIMUM 4 360K FLOPPY DRIVES 

FEATURES 

PROCESSORS INTEL 8088 16 BIT 4.77WZ PROCESSOR 
OPTIONAL 0087 MATH CO-PROCESSOR 

* IBM STYLE CASE 
108 KEY KEYBOARD 

* 90 DAY WARRANTY 

* 2 DS/DD FLOPPY DISKS 
* 254K RAM : 
* COLOR GRAPHICS CARD 

8K BIOS 8 SLOT MB 
135W POWER SUPPLY 

DISPLAY 640 X 200 BLACK & WHITE GRAPHICS 
320 X 200 COLOR GRAPlCS 

KEYBOARD IBM STYLE 108 KEYS LED INDICATORS 1 

OPERATING SYS IBM PC-WS CP/M-86 VENlX MS-DOS 
COMPAQUE-DOS COLUMBIA-DO9 ETC . 

SOFTWARE RUNS FLIGHT SIMULATOR DBASE Ill 
FRAMEWORK SYMPHONY LOTUS 123 
IBM DIAGNOSTICS GW BASIC WORDSTAR 

OPTIONAL 10 OR 20 MEGABYTE HARD DRIVE 

IBH PC IBH XT AND IBN llT ARE RECISTERED TRADEMRKS OF 
ItirtMtaTIomK D W I M ~ ~  nhcnmn 

AVAILABLE AT: 

AZOTIC INDUSTRIES 
2026 W BELMONT 

CHICAGO ILL 60618 
312-975-1288 

More Details? CHECK-OFF Page 126 January 1986 21 



PACKET RADIO.. . 
. . gF:g . . . 

pd # 
THE FASTEST GROWING PART OF 

*?, ;+. 
Q ,.;..a 
5 . - L  

AMATEUR RADIO TODAY 
is already providing high speed, error free, communications on many 

5 - 

3 .  amateur bands for qso's, data transmission, emergency traffic, dx'ing, 
$;;+$ 
. traffic nets, mailboxes, endless experimentation, and soon.. . 

@-:$ 
(.-.,- satellite operation. 
d 24.. 

networks contlnue to grow, as does the number 
of hams who enjoy th~s  new and excltlng mode 
The ~ncreas~ngly popular PACKETERM IPT 1s 
contr~but~ng to phenomenal growth In amateur 
packet rad~o by prov~d~ng a full funct~on packet 
term~nal In a compact, portable unlt 

ALL YOU NEED FOR PACKET OPERATION 

IS A PACKETERM IPT AND YOUR RIG ! 
~esigned for true 
(with its optional 
h~l l toppinq! 

8 portability, the IPT is equally a t  home in your ham shack or 
carrying case) treking in the country for battery powered 

A single ca-ble connects to  your transceiver .... thats all there IS to  it! 
Use i t  wi th your base station, mobile, or wi th your HT on that hilltop!!! 

FEATURES: 9 inch portable terminal and full function tnc combined 

66 commands available - the most widely used, f ield proven 

programming . 
Built-in LSI modem ; 300 o r  1200 baud, 200 or  1 kHz audio shift 

* stores setup parameters wi th power  o f f  - uses l i thium battery 

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

74 key, fu l l  travel keyboard wi th  14 function keys forcommands, 

ca lls, e tc. 

* * printer po r t  - RS232C serial 

optional printer, carrying case, and  dc adaptor (13.8 VDC) 

kkacketerm. PRICES: IPT COMPLETE 5995 
Box 835, Amherst, NH 03031 PRINTER 6349 

(603)-673-6630 DC ADAPTOR $1 25 

TNC (BOARD ONLY) $275 
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a calibrated S-meter 
Meaningful signal 

reports are possible 

- here's how 

Long ago a wonderful idea emerged that would 
make signal reporting, gain measurements, antenna 
comparisons, and propagation studies as easy as read- 
ing, reporting, and comparing meter values. This idea 
came to be known as the S-unit system of signal 
reporting. Sometime later an S-unit "standard" was 
set, in which each S-unit change represented a level 
change of 6dB and S9 was referenced to 50 microvolts 
rms in a 50 ohm system. This standard was straight- 
forward and simple. S1 was 48 dB below 50 micro- 
volts, near the practical lower limit of receiver sensi- 
tivity and noise floor. This standard offered the 
Amateur community a method of quantifying signal 
reporting and other useful measurements. Tables 1 
and 2 are included to illustrate the nearly 180 dB of 
dynamic range common in Amateur Radio equipment 
and show where the S-unit scale fits in at the threshold 
of receiver sensitivity." 

Nearly half a century has passed with very little con- 
formation to this or any other level standard. For prac- 
tical purposes, the RST system as practiced today is 
a farce - yet it's the most common exchange be- 
tween stations. Consequently, meaningless guessti- 
mates echo endlessly through the ether, apparently 
for lack of something more meaningful to say. This 
ironic state of affairs is especially troublesome in light 
of the advantages standardization and conformation 
could afford. 

By nature, Amateur Radio is a quantitative hobby 
embracing the technology and science of multiple dis- 
ciplines. Why, then, is the basic RST number abused? 
- - -  - - 

" From rnlnlrnurn d~scern~ble s~gnal at the recelver to rnaxlrnurn legal output 
from a h e a r  - Ed. 

The more cynical among us might suggest that we're 
simply locked into a bad habit, or that you must give 
S9 signal reports to get rare QSL cards. There's prob- 
ably some truth to the first notion; the second, even 
if true, is a poor reason for general abuse. After care- 
ful investigation, however, more subtle reasons 
emerge. The basic problem is simply that modern 
receivers generally do not have calibrated S-meters. 
Standards differ drastically from one manufacturer to 
another and from one unit to another. Most Amateurs 
know their S-meters are probably not calibrated and 
consequently give politely inflated signal reports. 

Receiver manufacturers will respond only to cus- 
tomer demand; this is reflected by the multitude of 
"bells and whistles," compact size, and sleek styling 
found in modern Amateur equipment. Because 
Amateurs appear not to care, important specs have 
actually declined over the past several years. Dynamic 
range, on the other hand, has been improved because 
it has received much attention in the literature. 
Amateurs have become aware of this important phe- 
nomenon and now often ask equipment dealers 
embarrassing questions. I hope this signals a trend 
toward increased consumer demand for improved 
radio performance rather than for superficial enhance- 
ments that may have little or no effect on actual 
performance. 

To be fair, lack of concern from the Amateur com- 
munity is not the only reason that receiver manufac- 
turers have not offered calibrated S-meters. There are 
real technical problems inherent in doing so. Provid- 
ing consistent front end mixer gain over many fre- 
quency bands, for example, is a major problem. All 
amplifiers and attenuators ahead of the S-meter cir- 
cuit must have identical gain on all bands and frequen- 
cies within these bands to assure consistent readings. 
Furthermore, most S-meter voltage sources are de- 
rived from the AGC circuit, and the response of these 
circuits varies widely - not only among receiver model 
types, but among individual units of similar types as 

By Robert J. Zavrel, Jr., W7SX, P.O. Box 
24845, San Jose, California 95154 
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well. Table 3 shows the extent of this deviation among Receivers for cellular radio systems require a re- 
popular receiver types. 1 , 2 r 3  This unpredictable devia- ceived signal strength indicator (RSSI) function. The 
tion from receiver to receiver of the AGC voltage response of this required logarithmic measurement 
versus received signal strength represents the most must conform to 3 dB accuracy over an 80 dB dynamic 
difficult obstacle to setting an S-meter standard. The range. This function represents an ideal signal source 
first problem can now be solved by broadbanding front for S-meters and other RF measurement equipment 
ends, using flat response mixers, and employing 
modern RF components and layout techniques. The 
second problem has been alleviated with the introduc- 
tion of the Signetics NE604, an FM RF integrated cir- 
cuit designed primarily for the cellular radio market 
(fig. 1 and 2). 

IF ,iJ-b ,kip 
DECOUPLING 

QUADRATURE 
INPUT 

g IF AMP 
DECOUPLING 
IF AMP 
OUTPUT 

LIMITER 
DECOUPLING 
LIMITER 
DECOUPLING 
LIMITER 
OUTPUT 

TOP VIEW 

fig. 1. Pin-out of N E W .  

table 1. Power and voltage levels common to Amateur 
equipment. 

d B M  power (watts) volts (50 ohms) 

+ 70 10 kW 707.0 V 
+HI 1 kW 223.0 V 
+50 100 W 70.7 V 
+40 10 W 22.3 V 
+ 30 1 W  7.07 V 
+ 20 100 rnW 2.23 V 
+ 10 10 rnW 707.0 mV 

0 1 rnW 223.0 rnV 
- 10 100 pW 70.7 rnV 
2 0  10 pW 22.3 rnV 
- 30 1 crw 7.07 rnV 
4 0  100 nW 2.23 mV 
-50 10 nW 707.0 pV 
- 60 1 nW 223.0 pV 
7 0  100 pW 70.7 pV 
-80 10 pW 22.3 pV 
9 0  1 PW 7.07 pV 

--  100 100 fW 2.23 pV 
- -  110 10 fW 707.0 nV 
--  120 1 MI 223.0 nV 

I 

LIMITER 

I 
b 

SIGNAL 
STRENGTH 

b 

i.- 

QND I VCC 

121 
fig. 2. Functional diagram of NE604. 
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I table 2. Power and voltage levels for the nine S-units. I 
volts (50 ohms) 

50.0 pv  
25.0 pV 
12.6 pV 
6.3 pV 
3.2 pV 
1.6 pV 

792.0 nV 
397.0 nV 
199.0 nV 

such as field strength meters. The NE604 performs this 
function by providing a current source which is typi- 
cally sunk through a 100 kilohm resistor (fig. 3). The 
high impedance voltage produced at pin 5 is then 
buffered by an op amp (NE532) to drive a linear ana- 
log voltmeter or other suitable display. The DC volt- 
age output is plotted against RF level input in fig. 4. 
Responses for unattenuated and attenuated inputs are 
given. 

The RF input to the NE604 can be taken off an IF 
amplifier stage operating up to 15 MHz. The higher 
RF levels associated with the later IF stages make them 
more attractive as drivers for the 604. Very light 
coupling can be employed (3 pF) with these stages 
to prevent any undesirable loading to the receiver IF 
amplifier. Figure 4 shows that the unattenuated ampli- 
tude input range for the 604 is about -90 to - 10 
dBm. The effect of the fig. 3 input isolation circuit is 
to move the effective range up about 20 dB. Because 
the RSSl function is mode independent, the S-meter 
will function for CW, AM, SSB, or FM. 

A simple LC filter should be placed between the IF 
and limiter stages (pins 12 and 14) to reduce broad- 
band noise. Optimum performance of the 604 occurs 
with a 6-volt power supply, but will work over a 4 to 
8 volt range. Supply current is only about 2.5 mA sug- 
gesting battery powered operation for both Amateur 
receivers and accurate field strength meters. 

C AND L 
TUNED T O  I - F  

N E B 0 4  

I 2 s 4 s l 6 1 7 l e  , 

Except as lndlcaled, daelm4l 
valuer of csp.cllansa are In micro. 
farads kF);  olhers are In plcolat- 
ads (pF); reslrtances are In ohms. 
I = 1.m M = 1.OW.m 

fig. 3. Complete S-meter circuit. 

0 -1 I 
- 1 2 0  1 - 100  1 - 8 0  1 - 6 0  1 - 4 0  1 - 2 0  1 0 1 + 2 0  

-110 - 9 0  - 7 0  - 5 0  - 3 0  - 10  + I 0  

R F  I N P U T .  d a m  

fig. 4. Output voltage versus RF level input. 

building an S-meter circuit L 

As stated earlier, each S-unit represents a 6 dB 
change in RF signal strength. For each 10 dB change 
in RF input, the 604 circuit output will change about 
1 12 volt. If S1 is referenced to the lower limit of the 
604's dynamic range (about 0.3 volts output), then S9 
will be 48 dB higher (about 2.7 volts output.) Each S- 
unit will represent 0.3 volt of output meter calibration. 
A standard linear 0-5 volt meter can be calibrated for S- 
units and "dB over S9." With an 80 dB dynamic range 
and 48 dB difference between S1 and S9, 32 dB 
remains for the "dB over S9" calibration. Furthermore, 
the S-meter can also be calibrated in dBm and/or RF 

Except as 1ndlcat.Q declmsl 
values 01 capcltanc. a n  in mloo 
farads GF); othen are In ~ A o l a r ~  

N E 6 0 4  

ads (pF& r.sls1ances a n  In ohms. 
k = I,W M = I.OO0.m 

fig. 5. Input calibration control. 
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New rigs and old favorites, plus the best essential accessories for the amateur. - 
3671 I P,>II~N?J QUANTITY DISCOUNTS AMPHENOL 
HOUSI(~I\ 1~ 711~00~3913 v ,  , I ,  'IZ,.I lhreeol yourlr~rndsand i . .  ; '  t 1': :!)S~vrrolatc 1 25 
CALL FOH ORDERS or,~e-r r.f !d,si,r:,. 6UrLlrl four lot prlces For example 11L1t :tt n'clticrr RGHX 30 

1-713-570-7300 OR ICOM IC3.'[10 $1820 00 831J iJo,il)lc Female UHF 2 00 

1-713~C,20-0550 Call lor lour I,! prlces on other rtgs 82-61 N Male 3 00 
H2-97 N Fcvnale Bulkliead 

ALL ITEMS ARE GUARANTEED OR SALES PRICE 
3 00 

82-63 lnllne Female N 4 00 
REFUNDED 82-98 N elbow 9 00 

EQUIPMENT 
New 82-202-1006 N-Male t1ls9913 5 00 

Kcr~worl<l Call lor prlces on all Kenwood I C'E H S Guy cable. Rohn US. 

Nrw Kilrllronlcs UTU-XT 31900 t o m  I t  250 00 

Kenwrmcl TS940S contesters del~ghl Call 3 16' t H S cable 21000 

Icom H/1!00 ?',-2OOOMh7 799 00 1 4"Guy Cable 6100 # 7  x 7slrand. mpon 15c'll 

r Alpha t i  TOI List-15% 
3 1 6  Guy Cable 3700 # 7  x 7 slrand (mporl 12c'll 

Icom771P 27A Call 3 8 x 6 ERJ Turntlt~ckle 7 95 

Icon1 IC3200 489 95 3 ' l f i  Wtre Rope Clips 40 

Sianler. ST;'OT Iialldl Talkie 299 00 1 4"wlrecl1ps 50 

Herlericy UC 107 VHI- 7 Cnnnnel Hand, Talkre I!iO 00 Porcelain 500D Gov Insulalor (3 16) 1 69 

1~:~xn lC/3'> 799 00 Porc~laln 502 Guy Insuialors 11.4) 2 99 

ACCESSORIES 
1V.W V~t~w. . l .~ !  Anli!nn;fi Iunvr 89 00 
kitst1 It(;.{ Ilt,.4 IiC!, Sl,,l k 
l i<vl  IIM Ill 140<,17~ Mtki? II~,I~%P! 8 .  < ,  .,.3 3.) 
<;:;I l'!,";ll<, l',,lCIl Ill .ti,'l !I!> 
I I l l k l  / /  .111I<, r . b r t i l l ~ ~ i l  ~11111l.il 
,lll1lllllll~l,'l I;'!, 00 
l111,I 43 W.~lltnr~lr~r C;III 
I ~ [ K I  I IC-~IICVIIS t l  !I!IOO A I 4800 In S t n ~ h  
11.11w.1 CNli?OR ;'O ?OO ?000W I00 95 
Il.!~w.# CNII:IO 1411~~1!~iI ?O ?OOW I?O 110 

KEYS 
111.11~111.1 6 Vll)llll>lt.x Lklss 10"h 
111.111-111'1 1.. I1I)W II~,/,IO"C~I SCl,'W!: R sp11110:: <Ill 
9l111111,.::': ::11'1-1 

I X1l . l  ll.lll,l l11111hIl~I1!1 

Vllllllllll.\ (:.lll~lllll I:J.ii' $:'(I 00 W I ~ L I I C I I I I S ~  

MF.1 Suflrr k t~v l~n . t r~ l  #.19G l ti9 00 

TUBES 
C:i,~l~!~\Kl)~.lh,. H~ytl,icf~111~111 Tt1bt3s s1i)ck 
01 lil. l l iR I 1 95 
r ,MI,,),- .I 109 95 
L;[ l r ,~i , ,~~l~~, l l  I,~I,,~S C.111 
L;l I?P) !A 6 00 
I;L. BISliC 1 1 !15 

BOOKS 
Wl. >.lt,;k SAMS TAO ARRl RSGR A~npco 
11,1,1~,~ P,,I>+ Call 
%XI>(- 01 ~IIP I~es l  buvs ales Ill? RSGR ttoohs 

CALRAD 65 '87 SWH RI'I,IIIVF POWPI M ~ l c r  37 95 
3- 150Mll;. kW a 

PACKET POWER 
a\[ A )'&(;.I t i o , ~  FITTY ASCII AMTOR also 199 00 
4t.A PKtIO soon 
~ANTHONII:S PACKFT 199 00 
COM27l A Grt*,~t p.lt.kzl raao C.111 

SERVICES 
\l~qnrr~twI anv late l l l ~ d ?  ug (10 00 
1 ILII lw C,>,Ilf7s ~ r l ~ ~ > l c i  Cd 

ANTENNAS 
AHX?R V.5 ?MCV-5 ISOPOLE 44 95 
A4 289 95 
402CD 279 95 
N P ~ ,  Clishcr 111 LAC-3 Llghlnlnq 
Arresle* 7 95 
:I!,WR NI~W 15EL 2MBeam 79 95 
AOP~ I Cornolole Oscar Antenna 140 95 
B ~ ~ l l ~ ? r n ~ i !  HCGV RO- IOVerl~cal 125 00 

Ham4 1701ill(81 T7X CD45-2 C-111 
KL M Hi Wor d C:lilss Se'rles 
Ar~Ien!,,~s Call D o j ~  

OTHERANTENNAS 
L;I!:,,,~, Kt~\<j,jc h 1700 
Avar~ll API:, I .IF oft Glass Arllcflna 33 00 
Ar!leco;'M I ,  tl Mit(i MoL>I~I Cofnp 25 00 
Av,rril~ APR4.IO 5ti nn ql.lss 30 00 
F'h~lly Slrnrl C.111 

SURPLUS 
Zi,lllns I ~ ~ r r l r  75s R?S.KWM? 75AO KWS.1 Spec~ly 
F?ul No 
Motlrl .l3 3:> Tclr31v[~e I0000  Cach 
Loc.11 P#cki,l. Orllv 
:"I Pin Sol t ic r l~ l i~  dl[) sockrls 25 Each 
51qn;11 f 1 ; 1 1 1 c ~ t t ~ ~  1 x .~ : l  Hrlllacf~lnerll 
Y;r<<su :'OH 211,' 25 00 Each 
SOIICI SI,II~> I1fXA Rc:placemenls 15 00Each 
Sc,rrarr;~~\ U,.!non H,~dar UPIPCIO~ 211 95 
15OMFLI 400V DL' 1 91 
1 !>Amp 3110V l~ i l l  wave brldoe recl~l~er 1 !I5 
? !,A i o ( r~ t ' ~V  1 ~ o x v  diode 29c Each or 

19 00 100 
0015 IOKV I '15 

3N2111 95 
.I 1nr.h I r ~ r t ~  rvd I 95 
3(;5[7F, au 1 95 
Snnvn AAA 4A Ncads w tabs 2 50 r a  
? .I 5 6 H p ~ n  m ~ c  r~lirgs 4 00 
Closeoul on 119s & arcessores All the lllne Call 
We mav hav#%~,hal  you're ooklng lor 

BELDEN 
!XI13 , *  Ics.;. 5olld center toil hrald shleld 45cII 

HOOO 14Ga slritnded copper an1 wire 

H4.18 8 cond~slor rotor cable 
9405 Hravy J,i~v.?-lGGa 6.18Ga 
9758 RS8r 
X.r0:1 M)c Cao c 3 Condclr 8 shield 
1('0Fr~! 8214 .%ends lnslalled 
R66!1 i t(i' lV7ll~O cO~10er braid 

COMPUTER STUFF 
Konlrofl~cs UTU X I  319 00 
Fils any compijlcr (even yours') Sollware 
Avn~lahle 19 00 ~ ~ 

Morse Univers~ly (Great CW program 
lor CD4) 39 00 
AEA Nrw VHF 1?00 Comtnq 

USED EQUIPMMENT 
A c.cluipnlvnl ~ h r d  clean. wllh 90daywarranty and 
30 ilav Iri,ll SIX morill~s lull trade agalnsl new equlp- 

POLICIES 
Mirrlmuln order $10 00 Maslercnarge. VISA, or 
C O D All prlces FOB Houston, except as noled 
Priccs suhjecl lo change w~lhoul notice Items Sub- 
l rc l  to pllor sale Call a t l v l ~ m ~  lo cherk the status o l  
your order Texas rssldenls add sales lax Dals all. 
lulks 



volts. The receiver has now evolved into a valuable 
RF test instrument. 

Because it might overshoot the actual peaks of sig- 
nal intensity, an underdamped meter is not recom- 
mended for S-meters; critically or slightly overdamped 
meter movement is preferred instead. An LED or LCD 
bar graph would also make a suitable display. Digital 
readout displays are not recommended for S-meters 
because of their inferior peak reading response. 

The RF input impedance at pin 16 is about 1500 
ohms. Other capacitor and resistor values can be set 
for a given IF signal level range, including a potentiom- 
eter for a calibration adjustment (fig. 5). Calibration 
consists of placing a 50 microvolt signal at the antenna 
terminal, peaking the response by fine tuning the VFO, 
and adjusting the pot for S9. Correct meter tracking 
will now be automatic. 

This circuit will provide an accurate S-meter read- 
ing if certain precautions are taken. Most S-meters use 
the AGC voltage as the control voltage. Although the 
RSSl generated voltage would also be ideal for the 
AGC voltage source, the S-meter linearity would 
require the AGC function to be disabled. Alternatively, 
the meter can be calibrated with the AGC "on". Either 
way, the NE604 will also allow you to know exactly the 

table3. Tested S9 r V  sensitivity for some popular rigs. 

radio S9 I rV)  radio S9 (rV) 

FTW1 50 Omni D 36 
TS-820 200 Triton IV 20 
58104 265 Atlas 350 XL 150 
FT301 95 FTW1 8 
TS-520 110 Argonaut 10 
FT7 180 TS-820 110 
TS-120V 180 FT301 S 30 
TR7 20 SB303 70 
75S3B 250 KWM2 60 
IC701 20 FTlOlE 10 

n n p t  as lndk#t.d, d-lml 
WY.S or UPC,~,'IF. a n  In nrrro 
tarads (PFX olhen an In picolsr 

> NE804 ,as BFL t.msr.ncas a n  tn onmr , ; ,.Om ,A = I.Om.ow 

5 
101 

50) 

fig. 6. Meter zero calibration. 

amount of gain limiting present at any time by compar- 
ing the S-meter readings with and without AGC. 
When not using the AGC, any RF or IF gain controls 
must have a "calibrated" position. Furthermore, if gain 
varies with frequency, as in older receiver designs, any 
array of trim pots controlled by the bandswitch could 
be the answer. 

An important feature of this circuit is that relative 
dB measurements will be very accurate even if the 
absolute reading is not calibrated. This is a useful 
practical on-the-air feature for accurate antenna gain 
comparisons. 

Figure 4 shows that the output voltage never goes 
to  zero. A meter zeroing control should be easy to 
build with the addition of a few more op amps and 
standard DC offset techniques (fig. 6). 

This is a simple project that can transform your 
receiver into a field strength and RF voltmeter. More 
importantly, it can transform meaningless numbers 
into valuable measurements. 

references 
1. COOL, December. 198). pages 550-555. 
2. Sidney Kaiser. WBGCTW. "Measuring Receiver Dynamic Range." ham 

radio. November. 1979, page 56. 
3. Doug DeMaw, WlFB. and Wes Haward. WZOI .  "Modern Receivers 
and Transceivers: What Ails Them?'OST. Januaty, 1983. page 11. 
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NEW 70 CM ATV TRANSCEIVER 
ALL YOU NEED IN  ONE BOX 

FULL COLOR. SOUND. k LIVE ACTION lust like broadcasl TV. Get on this 
exc~ting amaleur vldeo mode at our affordable ready to go price. 

WHAT IS REOUIRED FOR A COMPLETE OPERATING SYSTEM? The TC70.l~ 
downconvener outputs toany TV on ch 3 lor receiving. Connect a g w d  70cm 
anlenna and low loss coax. Plug in any composile vldeo source you wan1 lo  
Iransmlt: Camera. VCR, computer, etc. Plug 10 any low Z dynamlc mlc or use 
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passive audio filter design 
part 3: attenuation equalizers 

and driving, terminating audio filters 

0. -- --- -- I--- - *  

N O R M A L I Z E D  C O M P O N E N T  

V A L U E S  

fig. 1. Low-pass attenuation equalizer. 
( A )  schematic of equalizer with ideal inductor; 
(BI schematic of equalizer with real inductor. 

I Improving the 

response of filters 

constructed with 
low-Q inductors 

In parts 1 and 2'.= of this series, it was shown that 
two effects of using low-Q inductors in a filter are a 
general decrease of the passband response as fre- 
quency increases and a roundoff near the theoretical 
cutoff frequency. These effects are most noticeable 
with the responses of sharp cutoff filters, such as the 
elliptic low-pass filters described earlier. To a certain 
extent, these effects can be reduced by adding a high- 
pass filter in series with the low-pass, giving a band- 
pass response. 

The classical method of correcting this roundoff of 
the amplitude response (other than by using higher- 
Q inductors) is by using an attenuation equalizer. Do 
not be put off by the name; equalizers are very simple 
and can produce a dramatic improvement in filters with 
low-Q inductors. I will now outline the design of these 
equalizers and show the effect they can produce on 
some of the filters already described. 

low-pass attenuation equalizers 
The schematic of an ideal low-pass attenuation 

equalizer is shown in fig. I(A1, along with equations 

By Stefan Niewiadomski, 29 Mackinley Ave- 
nue, Stapleford, Nottingham, NG9 8HU, England 
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fig. 2. Response of ideal low-pass attenuation equalizer. 

that define the normalized (1-ohm, 1-rad/sec) corn- 
ponent values in terms of a constant, K.3 Figure 1(Bl 
shows the equalizer with a resistor, R4, added in series 
with L1 to simulate the low Q of the inductor used 
in the actual equalizer. The theoretical response of the 
ideal network is shown in fig. 2. 

At zero frequency, the equalizer has no loss. As fre- 
quency increases, the attenuation increases, asymp- 
totically approaching a finite value of (YCO dB at infinite 
frequency. The value of am is given by: 

am = 20 log K 
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fig. 3.0-2 kHz response of 500-ohm. 500-Hz low-pass attenuation equalizer showing simulation results for various values of K. 
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fig. 4. Schematic of 500-ohm, 500-Hz Butterworth 
highpass filter in series with IiOQ.ohm, 500-Hz low-pass 
attenuation equalizer (values of equalizer components 
given in table 71. 

where K is the constant used to calculate the com- 
ponent values. A t  the normalized angular frequency 
of 1 radlsec, the attenuation is a m / 2 .  

A low-pass equalizer is intended for use with a high- 
pass filter, constructed with low-Q inductors, to cor- 
rect its response near its cutoff frequency. I will use 
the Butterworth 500-ohm, 500-Hz highpass filter 
described previously to illustrate the effects of a low- 
pass equalizer. The normalized equalizer component 
values must therefore be scaled to 500 ohms to match 
the highpass filter. The scaled equalizer will then pre- 
sent an impedance at its terminals which is purely 
resistive and equal to 500 ohms at all frequencies. The 
half-attenuation frequency of the equalizer does not 
necessarily have to be equal to the filter cutoff frequen- 
cy, but this represents a good starting point. The final, 
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fig. 5. 300-1000 Hz response of 500-Hz Butterworth 
highpass filter with 500-ohm, 500-Hz lowpass equalizer 
for various values of K, showing simulation and prac- 
tical results (original highpass filter practical response 
also shown for comparison). 

fig. 6. Highpass attenuation equalizer. 
(A)  schematic of equalizer with ideal inductor; 
(B)  schematic of equlaizer with real inductor. 

* 

3, 4, 5, and 6 dB, respectively, and attenuations at 
500 Hz (for the scaled values) of 0.5, 1, 1.5, 2, 2.5, 
and 3 dB. Component values for the scaled impedance 

scaled values of the equalizer are therefore set for 500 and half-attenuation frequency are obtained in the 
ohms and 500 Hz. same way as for filters,* so the normalized values in 

Table 1 shows, for six values of K, the I-ohm, table 1 can be used to obtain practical values for any 
I-radlsec component values; the exact 500-ohm, 500- impedance and half-attenuation frequency. 
Hz values assuming an ideal inductor; and rounded Figure 3 shows the simulated response of the 
values with a value entered for R4 to model the real -- 

inductor, L1. These six K's give values of aoo of 1,2, *See part I, September, 1985, page 30. 
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fig. 7. Response of ideal highpass attenuation equalizer. 
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500-ohm, 500-Hz equalizer with the rounded values 2 kHz, the responses flatten out and approach the 
and real inductor. Curves are plotted for the six values maximum attenuation of l ,2 ,3 ,  and 4 dB. The curves 
of K tabulated in table 1. For K = 1.122, 1.259, 1.414, for K = 1.778 and 2.000 show more deviation from 
and 1.585, good agreement with theory was found, the theoretical responses, having half-attenuation 
the half-attenuation values being 0.5, 1, 1.55, and 1.95 values of 2.7 and 3.25 dB. However, at 2 kHz the max- 
dB, respectively. At the maximum frequency plotted, imum attenuations of 5 and 6 dB are approached. 
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fig. 8.0-10 kHz response of 500-ohm. 3-kHz highpass attenuation equalizer showing simulation results for various values 
of K. 

table 1. Low-pass attenuation equalizer component values. 

500 ohm, 3 kHz 500 ohm, 3 kHz 500 ohm. 3 kHz 500 ohm, 3 kHz 
1 ohm, 1 radlsec theoretical value rounded value 1 ohm, 1 radlsec theoretical value rounded value 

component value ideal inductor real inductor value ideal inductor real inductor 
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Having shown by simulation that low-pass equal- normalized component values. This equalizer has been 
izers can be built with practical, preferred-value com- obtained by an identical transformation to that applied 
ponents, the effect on the Butterworth 500-ohm, 500 to a lowpass filter to transform it into a highpass filter. 
Hz filter will now be shown. 

The schematic of the Butterworth filter combined 
with the low-pass equalizer is shown in fig. 4. Figure 5 
shows the simulated response of the Butterworth 
highpass filter in series with the 500-ohm, 500 Hz 
equalizer. Again, the responses for six values of K are 
shown, as well as the practical response of the original 
filter. How much improvement in the response has 
occurred? 

If we take the difference in attenuation between 1 
kHz and 500 Hz (which should, in theory, be very close 
to 3 dB) as a measure of quality, the improvement can 
be assessed. For the unequalized filter, this figure is 
about 5.5 dB; for the filter with the equalizer of 
K = 1.122 it is about 5.7 dB; with K = 1.414, it is 
about 5.3 dB; and with K = 2.000, it is about 4.3 dB. 
There has been a gradual improvement in the response 
as K increases, but of course the price to be paid is 
a corresponding increase in the 1-kHz (and beyond) 
insertion loss. This loss can be compensated by in- 
creasing the gain of the active devices in the audio 
path. With this particular example, however, it is 
doubtful whether the fairly marginal improvement in 
response is worth the extra components required and 
the extra insertion loss suffered. 

highpass attenuation equalizers 
The schematic of an ideal highpass attenuation 

equalizer is shown in fig. 6A with equations for the 

8- 

K - 2 . 0 0 0  

- U N E O U A L I Z E D  F I L T E R  

P R A C T I C A L  R E S P O N S E  

0  8 

0  0.5 1.0 1 . 5  2.0 2.5 3.0 3.5 

* PRACTICAL F R E Q U E N C Y  1 1 H z I  
RESPONSE 

K.1 414 

fig. 9. 0-3 kHz response of 1-dB/50-dB 5branch %kHz 
elliptic low-pass filter with 500-ohm, %kHz highpass 
equalizer for various values of K, showing a simulation 
and practical results (original low-pass filter practical 
response also shown for comparison). 

C 

table 2. Highpass attenuation equalizer component values. 

500 ohm, 3 kHz 500 ohm, 3 kHz 
1 ohm, 1 radlsec theoretical value rounded value 

component value ideal inductor real inductor 
1 ohm. 1 radlsec 

value 

500 ohm. 3 kHz 
theoretical value 

ideal inductor 

500 ohm, 3 kHz 
rounded value 
real inductor 
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fig. 10. Schematic of 1-dBl50-dB elliptic low-pass filter in series with highpass equalizer for K = 1.414. 

27"H l8rnH 0 . 3 3  
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fig. 11. 0-3 kHz response of 0.18-dBl50.1-dB 7-branch 
3-kHz elliptic low-pass filter with 500-ohm, %kHz high- 
pass equalizer for various values of K, showing simula- 
tion and practical results (original low-pass filter prac- 
tical response also shown for comparison). . 

0 

I 

That is, the inductor has been transformed into a 
capacitor, the capacitor into an inductor, and their 
values are the inverse of the original values. Figure 
6B shows resistor R4 added in series with L1, as 
before. The theoretical response of the ideal network 
is shown in fig. 7. This response is the inverse of that 
of the low-pass equalizer. 

The method of calculating am is identical to the low- 
pass case, and again the half-attenuation angular fre- 
quency is 1 radlsec. 

0 

Table 2 shows the component values obtained for 
the same six values of K as before. This time, however, 
the values have been scaled to 500 ohms, 3 kHz to 
make the equalizers compatible with the 1-dB/%-dB 
and 0.18-dBl50.1-dB low-pass elliptic filters described 
previously. 

Figure 8 shows the simulated response of the 
500-ohm, 3-kHz equalizer with the rounded values and 
real inductor. Curves for the six values of K are plotted. 
The simulations show good agreement with theory, 
having half-attenuation values close to the theoretical 
values at 3 kHz. For K = 1.122, 1.259, and 1.414, the 
curves approach 1, 2, and 3 dB respectively, as ex- 
pected. However, for K = 1.585, 1.778, and 2.000, 
the asymptotic values are a little abovethose expected. 

Figure 9 shows the simulated response of the 
1-dB/%-dB elliptic low-pass filter in series with the 
highpass equalizers of table 2 for the six values of K. 
For these simulations, the equalizer was inserted after 
the filter, but which comes first is not important. The 
practical response of the filter with no equalization is 
also shown, and the progressive effect of increasing 
the value of K for the equalizer can be seen. Only the 
responses up to 3100 Hz are shown, because above 
this frequency they are almost indistinguishable. The 
difference in minimum stopband attenuation between 
the unequalized filter and the filter with the K = 2.000 
equalizer is only about 1 dB. 

As shown in figure 9, the smoothest passband 
response is obtained for K = 1.414. The passband 
ripple up to 260 Hz now meets the design specification 
of 1 dB, with approximately 1.5 dB more loss before 
the design cutoff frequency of 3 kHz is reached. The 
total attenuation difference between 100 Hz and 3 kHz 
is therefore approximately 2.5 dB, compared with ap- 
proximately 3.6 dB for the unequalized filter. The 
penalty paid is a decrease in the differential between 
the minimum passband and minimum stopband atten- 
uations from approximately 53 dB to approximately 50 
dB. 
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To verify the simulation results, the equalizer with 
K = 1.414 was built and connected to the output of 
the practical 1-dBl50-dB filter. The schematic of the 
combined network is shown in fig. 10. The results are 
plotted in fig. 9 for comparison with the simulated 
response. Very close agreement with the simulated 
response was obtained. In practice, slightly less inser- 
tion loss is seen at all frequencies than in the simulated 
response. 

The way in which the highpass equalizer modifies 
the 0.18-dBl50.1 -dB elliptic low-pass filter is shown 
in fig. 11. The equalizer component values are those 
shown in table 2. A flattening of the passband 
response can be seen, particularly for K = 1.259. The 
equalizer for this value of K was built, placed in series 
with the 0.18-dBl50.1-dB filter and the combined 
response measured. The schematic of the combined 
networks is shown in fig. 12, and the practical results 
are plotted in fig. 11 for comparison with the simulated 
response. Again, good agreement with the simulated 
response was found. The real insertion loss is slightly 
less than expected at all frequencies. 

Ripple in the practical response for the combination 
with K = 1.259 is now less than 0.4 dB up to 2.5 kHz. 
Although this is still more than the theoretical max- 
imum for the ideal low-pass filter, it is a considerable 
improvement on the unequalized response (approxi- 
mately 1.5 dB). 

33mH l8mH 
0.47 

22mH 

driving and terminating 
audio filters 

0 

Whether passive audio filters are incorporated into 
existing equipment or included in new designs, correct 
rect source and termination impedances must be used 
if predictable results are to be obtained. Figure 13 
shows some methods commonly used to interface 
these filters. 

Figure 13A shows a common emitter amplifier that 
uses 01, which can be almost any commonly available 

transistor. The output impedance of this amplifier is 
equal to the collector resistor, Rs, so this should be 
chosen to be the same as the source impedance of 
the filter. The base and emitter resistors should be 
chosen to set the DC voltage at the collector of 01  
at a value that allows an AC swing compatible with 
the signal level being handled. The output buffer amp- 
lifier, 02, is an emitter follower. The input impedance 
of the transistor in this configuration is very high, so 
the termination seen by the filter is the parallel combin- 
ation of R1 and R2. R1 and R2 should therefore be 
chosen to terminate the filter correctly and set the DC 
operating conditions of 02. If a DC path exists from 
the input of the filter to ground or to the output, then 
the input DC blocking capacitor, CI, will be required. 
If a DC path exists from the output of the filter to 
ground, then Co will be required. The RC network in 
the supply line prevents any signal coupling from input 
to output through the buss, which would degrade filter 
performance. 

Transistor 02 can be replaced by an FET stage. The 
termination impedance for the filter will then be pro- 
vided by a resistor from the gate of the FET to ground. 

Figure 138 shows an operational amplifier circuit. 
Because the output impedance of an operational amp- 
lifier with feedback is very low, the source impedance 
for the filter has to be provided by resistor Rs. The 
termination for the filter is provided by RT. The feed- 
back resistors for the operational amplifiers can be 
chosen to provide any reasonable value of gain for 
these stages. Of course, the techniques of figs. 13A 
and 138 can be combined, and the final configura- 
tion can be chosen to make the best use of available 
components. 

You may have noticed that the source and termi- 
nation impedances for all the filters previously 
described is 500 ohms, which, of course, is a non- 
preferred value. The importance of providing the cor- 
rect impedances is often stressed, so how critical is 

0.018 

\ I  

38 January 1986 

-500 OHMS 

- 
/T 

0 

0.1 

1 I 

h 

fig. 12. Schematic of 0.18-dBl50.1-dB elliptic lowpass filter in series with highpass equalizer for K = 1.259. 
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this matching? My own experiments have shown that 
the E l 2  values* of 470 and 560 will give slightly 
increased passband ripple, but not enough to be 
noticeable in practice. One interesting point is that an 
increase in passband ripple, even if it is caused by mis- 
matching a filter, tends to give an increase in stop- 
band attenuation (though this is not recommended as 
a method of obtaining better stopband performance.) 

Often the simplest way of adding an audio filter is 
in the low-impedance headphone output of a receiver. 
A method used to couple the comparatively high- 
impedance filter (typically 500 ohms) to the much 
lower impedance audio output is shown in fig. 13C. 
Transformers T I  and T2 have a turns ratio equal to 
the square root of the ratio of the filter and speaker 
or phone impedances. One low-power transformer 

0 R 

O t SUPPLY 

Rs R I  

"See Niewiadomski, part 1, September, 1985, page 17. 
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- 
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suitable for matching an &ohm phone output to 500- 
ohm filters is the Mouser Electronics No. 42TU400, 
(8/500 ohm c-tl transformer with PC leads ($1.67 
each). 

mismatched sources 

... 

0 
FROM RECEIVER 

HEADPHONE SPEAKER OR 

OUTPUT F I L T E R  HEADPHONES 

fig. 13. Various methods of connecting an audio filter into the audio path: (A)  transistor circuit; (6) op-amp circuit; and 
(C) transformer-coupled circuit. 

-: 02 

Though transformer coupling is the easiest method 
of incorporating an audo filter into an existing design, 
it is also the most likely to result in filter mismatches. 
One source of 'mismatch is that the headphone out- 
put of a receiver may come directly from the audio 
power amplifier, which will have a very low output 
impedance - typically less than 1 ohm. The filter input 
is therefore most likely to be driven by a too low source 
impedance. This can be alleviated to a certain extent 
by inserting a low value resistor in series with the con- 
nection to the low-impedance winding of TI. A loss 
in signal will result, but it can be compensated for by 

C RP 
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I N O R M A L I Z E D  S T D P B A N D  ANGULAR FREOUENCY 

fig. 14. Minimum stopband attenuation versus normal- 
ized stopband angular frequency of 5-branch elliptic 
filters for various values of passband ripple amplitude 
(Ap). 

increasing the volume level of the receiver. Another 
source of mismatch is the speaker or headphones 
themselves, which can often have an impedance 
which varies with frequency, thereby mismatching the 
output of the filter. Additional losses and mismatches 
can occur in the transformers. Despite these problems, 
a filter connected into the output of the average 
receiver will result in a considerable reduction in hiss 
and hum as well as unwanted shifted frequency SSB 
signals, thereby providing a corresponding increase in 
intelligibility. 

significance of passband ripple 
One notable effect on the performance of a filter 

using rounded component values and low-Q induc- 
tors is an increase in passband ripple. The question 
that has to be asked, therefore, is whether this is a 
significant effect in practice for a filter used in a radio 
receiver? I will try to answer this question by looking 
for other sources of audio ripple in a receiver and 
assessing what amplitude this ripple might typically be. 

The first element which may introduce any signifi- 
cant ripple is the IF SSB filter. Although these filters 
are usually of very high quality (and expensive), they 
typically have a passband ripple of 1-3 dB. This ripple 
value may effectively be doubled if you are communi- 
cating with someone using the same model of trans- 
ceiver as yours, since the peaks in ripple produced in 
the other station's transmit IF filter will tend to be at 
the same frequencies as in your receive IF filter, and 
vice versa. 

Probably the biggest source of ripple in a receiver 
is the loudspeaker, which inherently has a nonlinear 
electrical power input to sound pressure output char- 
acteristic. Typically, a Cinch loudspeaker in free air 
exhibits a 9-dB ripple from 1 kHz to 3 kHz in its sound 
pressure o ~ t p u t . ~  When mounted in a metal case, with 
many cavities formed by metal dividers and printed cir- 
cuit boards behind it, even more ripple may be 
produced. 

Another source of ripple is the response of the 
human ear. Experiments performed to measure the 
thresholds of audibility for pure tones5 indicate that 
the ear exhibits approximately 8 dB variation in the 
range 1 kHz to 3 kHz, being more sensitive at high 
frequencies. 

A similar effect to that caused by the loudspeaker 
response will also be caused by the microphone at the 
transmitting end. I do not have any typical figures for 
this ripple, but it could be similar to the loudspeaker 
value. 

These factors tend to negate attempts to minimize 
the passband ripple of an audio filter in a receiver. In 
this context, I believe that the passband ripple found 
in the filters described here is insignificant for most 
practical applications. Since in many cases increased 
passband ripple can be traded for rapid rolloff and/or 
greater stopband attenuation, advantage should be 
taken of the relative insignificance of passband ripple. 
This trade-off can be seen from fig. 14, in which 
curves of minimum stopband attenuation (As) are 
plotted against normalized ripple cutoff frequency for 
5-branch elliptic filters of 0.1,0.5, and I-dB passband 
ripple.3 It can be seen that for a normalized start of 
stopband angular frequency of 1.5 radlsec, an extra 
10 dB of stopband attenuation can be obtained by 
using the 1-dB rather than the 0.1 -dB filter. Alterna- 
tively, the 50-dB stopband attenuation figure can be 
achieved at 1.42 radlsec rather than at 1.7 radlsec 
by using the 1-dB rather than the 0.1-dB filter. Another 
approach is to use a lower-order filter with a higher 
amplitude of ripple for a given application to achieve 
an attenuation comparable to a higher-order filter with 
a lower amplitude of ripple, thereby saving compo- 
nents and cost. 

Considerable opportunity for experimentation 
remains on this question of passband ripple amplitude, 
specifically in regard to the point at which the ripple 
amplitude becomes both noticeable and objectiona- 
ble, as well as values produced by modern receivers 
and transceivers. 

summary 
In this series of three articles, it has been shown, 

using simulation results, that rounding each compo- 
nent of an audio filter to the nearest preferred value 
does not result in a drastic change in performance. 
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Though the results obtained are not as good as with 
the exact component values, they would be indistin- 
guishable for most practical purposes. This result in 
itself can considerably simplify the construction of 
filters using high-Q inductors, as exact values of capa- 
citors and inductors do not have to be obtained or 
selected. 

When low-Q inductors are used in filter designs, fur- 
ther degradation in performance takes place, but again 
acceptable results are obtained. Toko lORB inductors 
were used in the experiments described here. Very 
small and inexpensive, they allow complex filters to 
be built compactly and inexpensively. 

Several designs of elliptic low-pass filters and one 
Butterworth highpass filter have been described. All 
have been tested and shown to be thoroughly practi- 
cal. Construction details have also been provided. The 
results obtained suggest that tables of normalized 
filter designs (which have for many years been used 
only by professionalsl can now be used by Amateurs 
with the confidence that near-to-theoretical responses 
can be obtained. It has also been shown that these 
passive filters can be cascaded to form bandpass 
filters; construction details have been provided. 

Attenuation equalizers have been shown to be a 
practical method of improving the response of filters 
constructed of low-Q inductors. These fairly simple 
networks, whose design procedure has been de- 
scribed, can be cascaded with the filters described 
here. Simulation and practical results have been 
presented to show the improvements obtained. 

Computer simulation of filters and other networks 
has been shown to be a powerful design aid. As well 
as showing the effects of varying component values, 
simulation also shows that calculations such as scal- 
ing to the final cutoff frequency and impedance values 
can be confirmed before any components are bought. 

Some methods of driving and terminating audio fil- 
ters have been described, ensuring that the correct 

source and termination impedances for the filter are 
provided. 

Finally, some of the factors that affect the ripple 
amplitude in the audio passband of a receiver were 
discussed. This indicated that efforts to minimize the 
passband ripple of an audio filter can be negated by 
other factors. Therefore, it can be more advantageous 
to trade increased passband ripple for better stopband 
performance at the design stage to obtain improved 
overall performance. 

The experiments have been carried out entirely with 
Toko lORB inductors, which are very compact and 
inexpensive. Other inductors, such as those manufac- 
tured by Dale or Miller, may also be suitable for audio 
filter applications. 

I hope this series of articles has convinced experi- 
menters and builders that audio filters can be con- 
structed easily, either by using the designs presented 
here or by selecting other designs from tables of nor- 
malized component values. With passive designs, per- 
formance far superior to that obtainable from active 
designs can be obtained; perhaps passive designs will 
become popular again in Amateur equipment. 
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Amateur microwave bands 
M y  dictionary defines microwaves 
as the frequency range between 1 milli- 
meter and 1 meter, the region between 
infrared and short-wave radio frequen- 
cies. Most Amateurs, however, con- 
sider the microwave bands those 
Amateur frequencies allocations above 
450 MHz. 

In the United States, we are pres- 
ently allocated over 23,000 MHz - not 
counting all the frequencies above 1 
mm (300 GHz). This is a huge re- 
source. Compare this with less than 50 
MHz below the microwave frequen- 
cies, of which 10 MHz are currently 
under attack (420-430 MHz), where 
greater than 99 percent of all Amateur 
operation takes place. For comparison, 
I've listed the Amateur frequency allo- 
cations above 450 MHz in the micro- 
wave bands in table 1. 

As stated in last month's column, I 
haven't written much about the micro- 
wave bands because I felt I had to first 
establish a solid base at the VHFIUHF 
frequencies.' With the past 24 col- 
umns in this series behind us, that base 
is now in place. With this in mind, I 
hope now to devote some of my col- 
umns specifically to the microwave fre- 
quencies. Therefore, this month's col- 
umn will serve as sort of an introduc- 
tion to the microwave bands, frequen- 
cies in use, and activities thereon. 

a look back 
First, let's take a glance at the past. 

Amateurs have really only operated on 
the microwave frequencies since 
World War 11.2 Most microwave oper- 
ation in North America has been con- 
ducted on the 23 cm (1215-1300 MHz), 
13 cm (2300-2450 MHz), and 3 cm 
(10-10.5 GHz) bands with a little 

table 1. Major worldwide Amateur microwave frequency allocations. Many coun- 
tries share the same frequency bands, although the frequencies may be shifted 
slightly. 

band frequency 

33 cm 902-928 MHz 

notes 

Available in USA since Sep. 28 
1985. Canada has same but on 
A31 F3 only. 

1215-1240 still available in Canada, 
but recently withdrawn in USA. 
Some countries in Region 1 do not 
have the full assignment. Others 
have power or ElRP restrictions. 

2310-2390 was removed from USA 
use on November 6, 1984. Many 
Europeans cannot operate below 
2320. Japan has only 2400-2450. 

Some area restrictions apply. UK 
and West Germany have 
3400-3475. 

Some area restrictions apply. UK 
and West Germany have 
5650-5850. 

1 12 mm 24-24.25 GHz 24-24.05 in West Germany 

1 6 m m  

47-50 GHz 47-47.2 in West Germany, 48-50 in 
USA. 

1 4 m m  71-76 GHz 75.5-76 in West Germany 

2 mm 142-170 GHz 165-170 GHz in USA, 142-144 GHz 
in West Germany. 

1.2 mm 240-250 GHz 248-250 in West Germany 

1 mm 300 GHz and above No restrictions in USA. 

activity on 9 cm (3300-3500 MHz), 6 
cm (5650-5925 MHz), 12 mm (24-25.25 
GHz) and 6 mm (47-50 GHz) thrown 
in. In fact, the only reported North 
American Amateur contacts above 50 
GHz are in the optical frequency 
bands, those frequencies above 300 
GHz!~ I've updated the DX record table 
and the latest records (as of this date) 
are shown in tables 2, 3 and 4. 

During World War II, the military 
classified frequencies by assigning let- 

ter designations to the various bands. 
Some of those designations are still in 
use today, especially in reference to 
older surplus gear.Table 5 shows 
these designations. However, tri- 
Service designations have now 
changed to a more orderly list; the 
more recent band designators are 
shown in table 6. 

Until recently, most Amateur gear 
used on the microwave bands was 
commercial or surplus equipment that 
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table 2. Worldwide claimed microwave terrestrial DX records. 

frequency record holder date of QSO prop mode dx miles (km) 

1296 MHz KH6HME-N6CA 6/24/84 Tropoducting 2472 (3977) 

2.3 GHz VK5QR-VK6WG 2/17/78 Tropoducting 1170 (1883) 

3.3 GHz G3LQR-SM6HYG 71 11 183 Ducting 576 (927) 

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

10 GHz IOSNY/EA9- 7/08/83 Ducting 1032 (1660) 
IOYLI/IE9 

24 GHz 13SOY/3, 4/25/84 LOS 180 (289) 
IW3EHQ/3- 
14BER/6, 14CHY/6 

47 GHz HB9AMH/P-HB9 6/11/84 LOS 33 (53) 
MINIP 

474 GHz K6MEP-WA6EJO 6/09/79 LOS 15 (24) 

only one oscillator at each end of the 
path that is modulated for transmitting 
and provides the LO for receiving. This 
LO was often a klystron; in more 
recent designs, it's often a Gunn diode 
oscillator. 

Polaplexers were primarily used to 
set DX records between mountain 
tops using portable gear - with "port- 
able" meaning gear that could be car- 
ried by two men and a boy! Indeed, 
the SBMS 9 cm record for North 
America still stands ( table 3) .  
The polaplexer's days seem to be num- 
bered, and the gunnplexer is rapidly 
replacing it on the 3 cm and 12 mm 
bands.5 

table 3. North American claimed microwave DX records by propagation modes. 
The records are listed alphabetically by mode. Ducting is suspected where the 
paths are mostly over water. No efforts are made to separate ducting on over- 
land paths, so they're grouped under "tropo". 

frequency record holder date prop mode dx miles (km) 

1296 MHz KHGHME-N6CA 6/24/84 Ducting 2472 (39771 
K2UYH-VK5MC 12/06/81 EME 10,562 (16995) 
W4WSR-WA5TKU 6/03/85 Tropo 1112 (1790) 

2.3 GHz PAOSSB-W6YFK 4/5/81 EME 5491 (88361 
W4HHK-W8YIO 7/28/83 Tropo 583 (938) 

3.3 GHz K6HIJ/6-W6IFE/6 6/18/70 LOS 214 (344) 

5.6 GHz K5FUD-K5PJR 9/20/77 Tropo 267 (430) 

10 GHz WA4GHKl4- 8/07/84 Ducting 297 (478) 
WD4NGG 
W7JIPI7- 7/31/60 LOS 265 (426) 
W7LHL/7 

24 GHz KXOO/O, 8/24/85 LOS 74 (119) 
WOMXY 10- 
NKOPIO, 
WAOVSL/O 

48 GHz W2SZIl- 9/08/84 LOS 0.3 (.5) 
WA2AAU / 1 

71-250 GHz None reported 

Above K6MEP-WA6EJO 6/09/79 LOS 15 (24) 
300 GHz 

table 4. Worldwide claimed EME Microwave DX records. 

frequency record holder date of QSO prop mode dx miles (km) 

1296 MHz PAOSSB-ZL3AAD 6/13/83 EME 11595 (18657) 
2304 MHz PAOSSB-WGYFK 4/05/85 EME 5491 (8836) 
3300 MHz and above: None reported. 

looking forward 
Before 1970, many of the micro- 

wave records were held by North 
Americans. Then the British and Ger- 
mans started to take on the challenge. 
Before long, many of the European 
countries were there in great numbers. 
When you look at the worldwide DX 
records in table 2 and compare these 
with the North American records in 
table 3, you must conclude that 
there's plenty of room for challenging 
DX records. Furthermore, I'm not 
aware of any successful Amateur EME 
activity above the 13 cm band (table 
4). 

At the present time, narrow-band 
modes such as CW and SSB are start- 
ing to take hold even on 3 cm, a hot- 
bed of activity in the UK. The state of 
the art advances rapidly. Needless to 
say, the Europeans have a good track 
record. So let's get in on the ground 
floor and see what we in North 
America can do! 

Unless you're a radio astronomer, 
it's no fun to listen-to white noise. 
Activity on the microwave bands, 
especially above 13 cm, will be suc- 
cessful only if individuals band 
together and concentrate their efforts. 
We have the technology - all we need 
to do is spend the time and make the 
effort. 

was often borrowed or modified by The San Bernadino Microwave The FCC has finally allocated the 33 
Amateurs for their use. The.primary Society (SBMS) was an early sup- cm or 902-928 MHz band to radio 
modes of communication were often porter of the microwave bands with Amateurs in the USA on a secondary 
wideband FM and pulse.2 their "p~laplexers."~ This scheme uses basis. Canadian Amateurs already 
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have the band, but only for A3J emis- 
sion. What a great challenge this band 
offers! Gear for this band is easier to 
design and more readily available than 
gear for the upper microwave bands. 

microwave frequencies and 
modes 

Most of the North American activity 
below 9 cm is now on CW and SSB. 
Many years ago weak signal operators 
used multipliers from 144 MHz to go 
to the 70 cm and higher bands. As a 
result, the weak signal frequencies of 
432.0 MHz (144 X 31, 1296 MHz (144 
X 9), 2304 MHz (144 X 16), 3456 MHz 
(144 X 24). 5760 MHz (144 X 40), and 
10368 MHz (144 X 721 became estab- 
lished and are still recognized world- 
wide. 

Because CW and especially SSB will 
probably become widely used, the 
transmitters and receivers presently 
employed must be upgraded. Some 
Gunnplexer operation on 3 cm and 12 
mm will undoubtedly continue. But 
these units will probably be upgraded 
with frequencylphase locking, improv- 
ing frequency stability and hence weak 
signal operation. 

The prime weak signal calling fre- 
quencies on the lower microwave 
bands have mostly shifted to 1296.1 
and 2304.1 MHz to allow EME exclu- 
sively between 1296.0-1296.05 and 
2304.0-2304.05 MHz. EME on the 13 
cm band will be somewhat fragmented 
since many European Amateurs can 
no longer operate below 2320 MHz, 
and the FCC has removed 2310-2390 
MHz in the USA. Therefore, cross- 
band operation (2304.0 to 2320.15 
MHz) is now in use. The ARRL VUAC 
has recommended 903.1 MHz as the 
weak signal calling frequency on 33 
cm, with EME between 903.0 and 
903.05 MHz. 

propagation 
Radio propagation on the micro- 

wave bands is somewhat different 
than on the VHFIUHF bands. Aurora, 
while theoretically possible, has yet to 

The most common modes of micro- 
wave propagation will probably be line- 
of-sight (LOS), tropospheric bending, 
tropospheric ducting, scatter, and 
EME. Scatter will undoubtedly become 
more popular for DX since it's very 
prevalent at microwave frequencies. 
Large stationary objects (buildings, 
hills, mountains, and such) as well as 
aircraft and lightning make excellent 
scattering media.3 Scatter is often 
overlooked, but even local operation 
may be enhanced between stations 
that have obstructed paths if each sta- 
tion aims at some large hill, building, 
TV tower, or other structure that they 
can both "see." 

The biggest impediments to DX on 
microwaves will be foliagelevergreen 
attenuation, feedline losses, low trans- 
mitter power, and narrow antenna 
beamwidths. The latter problems can 
all be improved with continued 
development in state-of-the-art equip- 
ment (see below). 

Therefore, with the exception of 
EME, the DX records on the micro- 
wave bands will probably be shorter 
than the VHFIUHF records until bet- 
ter equipment becomes available and 
activity increases. For more informa- 
tion on the subject of propagation, 
refer to references 3 and 6. 

_I_- 

operation now uses crystal controlled 
converters, with 28 and 144 MHz IFs 
most popular. This permits most of the 
weak signal types of emissions to be 
used. 

Adequate RF filtering, especially at 
the image frequency, is required for 
low-noise operation. Allowing other 
RF frequencies outside the band of 
interest to enter the receiver lowers 
performance, especially if the signals 
are strong. If a 28 MHz IF is used, 
filtering is more critical. 

However, simple filter designs such 
as the interdigital type are now availa- 
ble to Amateurs.'~* These filters are 
particularly easy to design using corn- 
puter programs that can change the 
mechanical and electrical specifica- 
tions at will. Construction is not 
beyond the hand tool level. 

The present state-of-the-art permits 
noise figures below 3 dB up to 25 GHz. 
Only a few years ago this would have 
been unheard of except with the use 
of parametric amplifiers and masers, 
both out of the reach of most Radio 
Amateurs. 

Microwave bipolar transistors are 
now inexpensive and can deliver 1 to 
3 dB noise figures through 4 GHz. 
Affordable (less than $25) GaAs FETs 
can now provide less than 2 dB noise 

be reported. Meteor scatter, sporadic figures through 3 ~ m . ~  The lower noise 
E, F2, and FA1 are theoretically impos- receiving equipment figure high mobility electron transistors 
sible on these frequencies. Almost all microwave weak signal (HMETs) are coming.1° Although they 

CRYSTAL 

OSCILLATOR 
1 

January 1986 47 

2 3 c m  CONVERTER 

I F  = 2 8  MHz 1 0 5 . 6 6 6  317 .0  6 3 4 . 0  1268 .0  MHz 

I F  = I 4 4  MHz 9 6 . 0 0 0  2 8 8 . 0  5 7 6 . 0  I I 5 2 . O M H z  

> 

X 3  

MULTIPLIER 

* 

CRYSTAL 

OSCILLATOR 

X  2  

MULTIPLIER 

I 3  cm CONVERTER 

IF  = 2 8 M H z  9 4  8 3 3  2 8 4  5 5 6 9 . 0  1138 0  2 2 7 6  MHz  
I F -  1 4 4 M H z  9 0 . 0  2 7 0 . 0  5 4 0 . 0  1080  0  2 / 6 0  MHz 

fig. 1. Recommended multiplier scheme for a 1296 and 2304 MHz converter/transverter. 
(See text for further explanation.) 

)- 

X 2  

MULTIPLIER 

L . 0  OUTPUT 

' - 0 

X 3 

MULT IPL IER  

- 
X 2  

M U L T I P L I E R  

L.O. 
OUTPUT 

' ' O I- 1-- 
X 2  

MULTIPLIER 

X  2  

MULTIPLIER 



presently cost around $150.00 (if they 17. Other low noise circuits are also 
can be obtained at all), they reportedly acceptable, especially those with good 
will eventually be less expensive than input VSWR. 
GaAsFETs since they're easier to 
manufacture. transmitters 

The local oscillator (LO) of a micro- Multipliers are fine for the micro- 
wave converter is very important. As 
I've stated in previous columns, the 
basic oscillator for VHFIUHF and 
above should be an overtone crystal 
type in the 90-120 MHz reg i~n. " , '~  
Not only will this reduce phase noise, 
but it will improve stability, generate 
fewer spurs, and require less multipli- 
cation.I3 AS a result, there will be fewer 
birdies and fewer LO products to be fil- 
tered out. 

Multipliers should also be clean. I 
recommend that doublers be used if 
possible since they're more easily 
filtered and more efficient. If triplers 
are used, they should be limited to 
about 400 MHz on the output. Some 
recommended combinations for 1296 
and 2304 MHz are shown in fig. 1. 
Many types of mixers have been used 
over the years. The through-line single- 
diode type was commonly used on 
microwave frequencies in the early 
days2 More recently, interdigital 
mixers and the anti-parallel harmoni- 
cally pumped mixers have been used, 
since they require a lower frequency 
LO at a sub-harmonic of the desired 
f requen~y. '~ , '~ , '~  

However, I prefer the balanced 
mixer They're usually 
broadband and represent 50 ohms at 
all three ports (LO, RF, and IF). Hence 
they're easy to work with, especially 
in a modular converter. The double- 
balanced (DBM) type with four diodes 
is preferred, and are becoming quite 
easy to obtain and are reasonable 
priced (usually $10-40 for 1-4.5 GHz), 
with the MDS and TVRO market pav- 
ing the way for the 2-5 GHz spectrum. 
The DBM usually requires about 5 
milliwatts of LO power. 

Finally, the post amplifier (the one 
following the mixer) should have a low 
(1 to 2 dB) noise figure to lessen the 
preamplifier gain requirements. A suit- 
ably low noise figure bipolar preampli- 
fier that will cover any IF from 14-150 
MHz is described in references 12 and 

wave bands. As mentioned before, 
144 MHz transmitters used to be multi- 
plied all the way up to the desired 
microwave band. However, their fre- 
quency stability left something to be 
desired. 

If you decide to use a multiplier 
scheme, there's a preferred method 
that has been used by many micro- 
wave and contest  station^.'^.'^ Basi- 
cally, it uses a 96 MHz oscillator which 
is multiplied up to 1152 MHz. This is 
a convenient frequency since its sec- 
ond, third, fifth, and ninth harmonics 
allow operation on 2304, 3456, 5760, 
and 10368 MHz respectively, as shown 
in fig. 2. Coincidentally, 1152 mixed 
with 144 MHz yields 1296 MHz as a 
bonus! 

However, the transverter is rapidly 
becoming the most popular scheme 
for getting on the microwave bands. 
Since only one LO is required per 
band, it significantly lowers the cost 
and reduces complexity, not to men- 
tion construction time. Properly built, 
it will have excellent frequency stabil- 
ity. In addition, a transverter allows 
CW as well as SSB operation at the 
flip of a switch on the exciter. 

The only problem with a transverter 
is that a separate oscillator is required 
for each microwave band, unlike the 
1152 MHz transmitter scheme just 
mentioned. Many simple two- or three- 
band schemes have been proposed to 
lower the number of required 
oscillators. 

Recently a more or less universal 
microwave scheme was proposed 
using a single o s ~ i l l a t o r . ~ ~  Although it 
may at first seem complicated, it 
would make a dandy add-on type of 
building block, since once the first 
block is in place, bands can be readily 
added. The disadvantage of the 
scheme is that a separate converter is 
required at 288 MHz. However, that 
frequency is a snap to work with and 
will be high enough to make image 

table 5. Major microwave band desti- 
nations used during and after World 
War II. Note that there are some over- 
laps to add to the confusion. 

frequency IGHz) designation 

0.10 - 0.225 G 
0.225 - 0.390 P 
0.390 - 1.55 L 

1.55 - 5.2 S 
3.9 - 6.2 C 
5.2 - 10.9 X 

10.9 - 36 K 
12.9 - 18 KU 
26.5 - 40 Ka 

36 - 46 Q 
46 - 56 V 

table 6. Modern Tri-Service microwave 
band designations in present use. 

frequency IGHz) designation 
0 - 0.25 A 
0.25 - 0.5 B 
0.5 - 1 C 
1 - 2  D 
2 - 3  E 
3 - 4  F 
4 - 6  G 
6 - 8  H 
8 - 10 I 

10 - 20 J 
20 - 40 K 
40 - 6 0  L 
60 -100 M 

rejection a trivial problem. The basic 
scheme is shown in fig. 3. 

obtaining power 
Power amplifiers aren't always 

required on the microwave bands. If 
solid-state multipliers are used, up to 
several watts can be generated on the 
lower microwave bands. 

Solid-state bipolar transistors can 
generate several watts of power up 
through 6 GHz. Power MOSFETs that 
generate several watts at 1 GHz have 
been demonstrated. Power GaAs 
FETS that can deliver 5 to 10 watts of 
output through 10 GHz are also 
available. 

Until recently, the 2C3917289 has 
been the king of transmitting tubes on 
the lower microwave bands. Single, 
two, four, six and even eight-tube 
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99 "Dual-Band Leader! 

treqGncles, &s the 70 cm FM band 
(440.000-449.995 MHz), all in a single 
compact package. Only 6-318 (161)W 
x 2-318 (60)H x 8-9/16 (217)D inches 
(mrn), and 4.4 Ibs. (2.0 kg.). 
Single-function keys allow easy 
operation. 
Large. easy-to-read LCD display. 
A green, multi-functlon back-llghted 
LCD d~splay for better vis~b~lity. Indi- 
cates frequency, memory channel. 
repeater offset. "S" or "RF" level. VFO 
AIB, scan, busy, and "ON AIR:' Dlmmer 
swltch. 
Front panel illumination. 
10 memories with offset recall and 
lithium battery backup. 
Stnres freouencv, band, and reoeater 

transn-111 fr~iqur!nt:~l?:. ~rid(~pendenlly for T\IV-L(IflnnA u .Y U odd repeater offsets, or cross-band 
(2 m170 cm) operat~on. 

2-m/7Ch~1 FM transceiver. 
The first is  sti l l  the best! The original 
FM "Dual Bander!' TW-4000A delivers 
25 wat ts  output on  both VHF and 
UHF in a single compact package. 

2 rn and 70 (.:rn FM in a compac: 
package. 
Covers the 2 m band (142.000-148.995 
MHz). lncludina certain MARS and CAP 

ntciy be rr.vtirsc3tl 11y prc?sslng erthr:r the 
"UP" or "DOWN" buttons on the 
microphone. 
Priority watch function. 
Unlt sw~tches to memory 1 tor 1 second 
every 10 seconds, to monitor the actlv- 
~ t y  on the pr~orlty channel. 
Common channel scan. 
Memories 8 and 9 are alternately 
scanned every 5 seconds. Elther chan- 
nel may be recalled ~nstantly. 
High performance receiver/ 
transmitter. 

offset Memory 0 stores recelve and 440 995, etc ) The scannlng d~rectlon Kenwood dealers 

I 
- 

! , , <  ,, GaAs FET RF amplil~ers on both 2 n i  
i : ; , , t >  , . ~ l ) ; ? i : i t ~  ,I~I.F-:,.I.: ports. and TO cm, high performance rnono- 
Use of separate ar~l(!nnas 1s rccom- lith~c crystal filters ~n the 1st IF section. 
mended. Ttils r;~rnr~l~f~es antenna provlde hlgh recelve sens~t~v~ly and 

- . . - . . - . - . . 

VS-1 volce synthes~zer MC-42 UPIDOWN ni~c:rophone 
TU-4C two-lrequency CTCSS lone encoder MC-55 8-ptn mob~le nilc. wlth tlme-out llmer 
PS-430 DC power supply SW-100B SWR1powt:r meler 
KPS-7Af1xad stat~on power supply SW.2008 SWRlpowl?r meter 
MA-4000 dual band mob~le anlenna w~th SWT-llSWT.2 2 mi70 cm antenna luners 
duplexer PG-3A notse lllter 
SP-40 compact mob~le speaker MB~4000 extra mour~ln(] bracket 
SP-50 moblle speaker 

KEIL',, '- - - 
TRIO-KENWOOD COMMUNICATIONS 
111 I Wrsl  Wil ln~l l  S l r w l  

matchlng and min~rnlzes loss. However, 
mobile ~nstallat~on:, may require a 
slngle antenna The opt~onal MA-4000 
dual band mohlle ;~ntenna comes with 
an external duplexr2r. 
Programmable memory scan with 
channel lock-out. 
Programmable to scan all memories, or , 

'WOOD 

excellent dynamlc range. 7 he h~gh  
rel~ab~l~ty RF power modules assure 
clean and dependable transmiss~ons 
on elther band. 
Optional "voice synthesizer unit:' 
Installs ~nslde the TW-4000A. Vo~ce 
announces frequency, band, VFO A or 
B, repeater offset, and memory channel 

Cunl l l l t? f~ <r?lt,!rc lndllild1.s i l i P  ,#~,11611111. 1111 .,I1 f l i i l  Kl.lltlr(irli1 Ir,lri,:( i , t v l - l <  .!lill 111',, 1 . I (  ( * . .  ..(,,!t... 
5,>+, <IN <,f,O!,~? 40,r 1,r , , .<<5 ,#,? <,,L,~P,~! fi) rth,rl<lc. v,!lll<,,,l !l<,It~ t. < j ,  <',l,I,<l<#l,~>,~ 
Anler'na maq mounf IS no1 Kenwood sunplipc 

only 2 m or 70 cm rnemorles. Also may . number. 
be programmed to sk~p channels. Repeater reverse switch. 
Band scan in selected 1-MHz 
segments. 
Scans w~thin the ctlosen 1-MHz seg- More TW-4000A information 
nient (1.e.. 144.000 144.995 or 440.000 1s ava~lable from author~zed 



Message 
MasterTM 

* e 0 e  -'lwo* - 
"4 - "(C - (", - ~eal-voice messaae svstem - - - 

For any repeater or base 

Now you can communicate vital information even when 
the station you are calling is not on the air - with 
Message Master. Message Master is a solid state voice 
recording system which can record messages just by 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to 
deliver your messages let Message Master deliver them 
for you - any messages in any languageand in your own 
voice! 

Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- 
ers. It can even be connected to an autopatch device to 
exchange messages between your radio system and the 
telephone network. 

MESSAGE 
VR 4 

Create messages Just by talklng. Message Mastefs 
'real-volce' technique saves YOUR VOICE In dlgltal 
memory to dellver messages In your own volce. lan- 
guage and dlaiect. 

Mallbox-style operatlon gives lndivldual message 
deilvery senlce to 100 system usem. 

Easlly added to any repeater or base statlon for re- 
mote operation wlth only four connections. 

Speclal features Include callsign Identlflcatlons, tall 
messages, and bulletln messages. 

Dlgltal measage storage provldes Instant playback of 
stored messages. 

Message Master is a multi-user system with mailbox 
style personalized message service for a hundred users. Modular memory meets Your exact needs from 2 to 8 

With 8 minutes of message storage it can store minutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would vou like vour ca l l s i ~n  identifications, Serving all your repeater needs 
tail messages, and bul~et i~messa~essent  in 
real-voice? M~~~~~~ ~~~t~~ can send them . - Mark 4 Repeaters and Repeater Controllers are THE PER- 

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

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

Almost like magic. Message Master knows - Mark 3 Repeaters offer the winning combination of high per- 
when to send identifications and tail mes- formance and high value. - 
sages so it needs no special control signals 
from your base or repeater. - LR-1 Repeaters boast superb RF circuitry at an economical 

price. 
Call or write for further information before - MR-4 Receivers with 7 helical resonators are the only receivers 
you make another wasted call. to choose in harsh RF environments. 

Commercial users: Ask for a brochure on - PA-100 Amplifiers with rugged TMOS power FETs give you a 
the Message Master Electronic Dispatcher continuous duty high power signal. 
with group 

HlW 

. - .  - 
and all call messaging. 

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

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

(61 7) 372-3442 
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amplifiers have been used through 
2304 MHz." 25 The eight-tube ampli- 
fier design described in reference 24, 
however, is not recommended, be- 
cause this design offers very low effi- 
ciency (30-40 percent). 

Recently a new single-tube 23-cm 
amplifier design using a UHF TV tube 
was introduced. It will reportedly 
deliver over 400 watts with a 10 dB 
gain.26 Other tubes and designs are 
available. Traveling wave tubes (TWT) 
will deliver up to 100 watts at micro- 
wave frequencies, although those 
above 10 watts are rare in Amateur cir- 
cles. The outstanding properties of the 
TWT are that it is broadband (typically 
one octave), has good linearity, and 25 
to 35 dB of gain is typical! 

+ r 
1 4 4 M H z  0 

Amateurs are also using high-power 
klystrons, but they're difficult to obtain 
and quite high in price. Like TWTs, 
they frequently have gains of over 30 
dB. Magnetrons are another possibil- 
ity. If someone can find out how to use 
the type presently so common in 
microwave ovens, we could have a 
readily available, low-cost high power 
amplifier source for 13 cm! 

- 

antennas 
The principal types of antennas used 

on the microwave bands are the Yagi, 
loop Yagi, horn, and the parabolic 
dish. Because of the critical dimen- 
sional requirements, the Yagi will prob- 
ably not be widely used except below 
1300 MHz. But the loop Yagi, with its 

M I X E R  

unique mounting and matching 
methods, should be a good performer 
where 19 to 21 dBi of gain is required 
with low wind resistance up through 
at least 3500 28 The micro- 
wave horn has only moderate gain (10 
to 20 dBi), but is widely used on 3-cm 
gunnplexers and as a feed system for 
parabolic dishes where low gain or 
controlled beamwidth is required. The 
parabolic dish, with its high gain, will 
probably remain the standard antenna 
for the microwave bands because it's 
easily designed, has predictable gain, 
and is easy to feed.'$ 

1 2 9 6 M H z  
-- 0 

2 3 0 4  MHz  
--O 

MULTIPLIER 

feedlines 
The microwave bands are a transi- 

tional region for feed line^.^^ Coaxial 

X I 2  
1152MHz 
POWER - 

MULTIPLIER AMPLIFIER 
1 - 5  WATTS 

I 
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0 

X 3  
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0 

fig. 2. A frequency multiplication scheme for the Amateur microwave bands. (ref. 18 & 19). 
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cable is improving all the time; it's easy 
to work with, especially where bends 
or flexibility are required. It will proba- 
bly remain the most popular line at the 
lower microwave frequencies and 
slowly move up irl frequency as the 
state-of-the-art improves. In this 
regard, the air dielectric types of coax 
such as HeliaxTM are preferred. 

Waveguide will probably remain the 
most common type of transmission 
line on the microwave bands above 10 
GHz. It's readily available as surplus 
and has very low insertion loss. Don't 
overlook the possibilities of "G-line, " 
which has the potential for low loss at 
a very moderate cost - and you can 
"roll your own."30 

Z 8 8 M H z  0 

1 . L- 

commercial gear 
Those who know me well are aware 

that I prefer to build my own gear from 
scratch because it allows me flexibil- 

lOO8MHz  

ity in choosing features as well as the 
ability to make modifications and 
improvements without the fear of 
lowering resale value. It also yields a 
great sense of accomplishment when 
everything works! 

However, there's now a fair amount 
of microwave gear available not only 
from Amateur suppliers, but from 
commercial suppliers, too. Further- 
more, because the state-of-the-art in 
commercial equipment is moving 
ahead so rapidly, there's a lot of sur- 
plus equipment available to the 
Amateur. Check the Amateur maga- 
zines for further information. The 
microwave bands are no longer the 
exclusive territory of the homebrewer! 

1296MHz 

reference material 
There's plenty of material about the 

microwave bands available if you know 
where to look.31 Of particular note are 

the RSGB's VHF/UHF Manual, The 
Microwave Newsletter Technical Col- 
lection, The Gunnplexer Cookbook, 
VHF Communications, DUBUS, IEEE 
Micro wave Theory Transactions, and 
The UHF Compendium, for example. 
(For information on how to obtain any 
of these, see reference 31 .) Bibliogra- 
phies are also available.32, 33, 34 

Finally, numerous trade magazines 
are available for those engaged in the 
electronics field." The material is avail- 
able, but you'll have to take the 
initiative! 

- - 0 

summary 

M I X E R  8 +  MHz 
I 

In this month's column, I've tried to 
provide an introduction to the micro- 
wave bands. Because complete exami- 
nation of the topic would obviously be 
beyond the scope of this column, I 
strongly advise you to refer to the 
references cited. 
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fig. 3. A universal frequency conversion scheme for many of the lower Amateur microwave bands. (ref. 20). Note 1: If 432 M H z  is 
injected instead of 288 MHz ,  the output will be on 3456 MHz ,  the standard weak signal frequency. 
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TAPR TNC-2 IS NOW PAC-COMM TNC-200 
-Official TAPR TNC-2 design 
-World -standard AX.25 Version 2 protocol 
- Topquality components throughout 
- Full duplex hardware HDLC 
-Wired &tested, full kit, semi-kit, bare board 
- Five terminal data rates up to  9600 baud 
- Real time clock for date-time stamos 
- Expanded t o  16K RAM, 32K ROM 
- Latest mult~connect software 
- Five LED status indicators 
- Level 3 networking compatibtlity 
- Low-power CMOS draws 1OOma typ~cal 

D~scount 10 Oh for orders of five or more TNC-200s 
CMOS NMOS 

AssembledlTested 6219.95 199.95 Bare Board 39.95 
Full Kit 169.95 154.95 Cabinet & End Plates 29.95 
Full Kit Less Cabinet 144.95 129.95 - 

VISA 
Parttal Kit 84.95 79.95 -, 

Macintosh Owners: MACPACKETITNC200term gives pull-down menus, split screens, file 
transfers, automatic routing and more !! 669.95 (39.95 through January 3lst) 

ORDER TOLL FREE 800-835-2246 ext. 1 1 5 ( Kansas 800-362-2421 ext. 1 15) 
(No COD) Information 81 3-689-3523 Florida addresses add 5% 

PAC-COMM PACKET RADIO SYSTEMS, INC. r /  201 

4 0 4 0  W, Kennedy Blvd, Tampa, FL 33609 lntl TELEX 6502881526 WUI - 
THEY'RE ALL NEW FOR 1986! 
Slgn~flcant changes for 1986 mandate that all hams get both 
the North Amerlcan and lnternatlonal Callbooks DX'ers and 
Contester's note - Hav~ng both books 1s the only way you'll 
have all Fore~gn Amateur I~stings. 

NORTH AMERICAN CALLBOOK INTERNATIONAL CALLBOOK 
The old US Callbook has been expanded and The Forr~qn Lallbook 1s no morel In ~ t s  place 
now contalns the llstlngs of all hams tn North the new lnternal~onal Callbook ~ncludes all 
Amer~ca plus Hawall and US Possess~ons Th~s Amateurs ouls~de o l  the North Amer~can con11 
~mproved operating a ~ d  has all the latest calls nent All the latest calls~gns and OTH s are l~sted 
and OTH lnformat~on ava~lable at press t~me and to help ensure you get that prlzed OSL card 
w ~ l l  be an Invaluable reference gu~de W~th calls Universally recognized as the source of Inlorma 
from Panama lo Greenland every ham should tlon Order yours today 1985 

OCB-F86 Softbound $20.95 

OCB-US86 Softbound $21.95 

Order Both and SAVE. SPECIAL PRICE 
Reg. Price $42.90 SA VE $2.95 

Please enclose $3 50 to cover postage a n d  handllng 

ham 
radio--BOOKSTORE 

Order NOW. 
Fl* GREENVILLE, NH 03048 / 

\ J 



SERVICE CENTER 
for 

ICOM, KENWOOD 
a n d  YAESU 

HAS YOUR WARRANTY GONE 
SOUTH? 

When you're in need of service, 
you can rely on  our factory trained 
experience in Amateur, Marine and 
Land Mobile. 

"Write or phone, you' l l  be  
pleasantly surprised by ourprofes- 
sional approach to your service 
needs". 

Bob, KG70 
FCC NABER Lic 

Mon-Fri 10:OO-4:00 p m  
(206) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

23332 58th A v e .  West 
M o u n t l a k e  Terrace. Wa 98043 - 
22. & C.0.D.s welcome J l70 

Rush me my copy of the Dick Smith 
- 

I Catalog. I enclose $1 to covet shipping ) 

- 
.............................. I Address.. . 

... . . . . . . . . . . . . . . . . . . . . .  

zip .......................... 
DIC(I SMm El-ICS INC. 

The Amateur microwave bands are 
an exciting area for exploration and 
challenge. Surely they'll be the 
resource of the future - not just for 
casual chit-chat, but as the place for 
improving the state-of-the-art in com- 
munications and equipment design. 
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important VHFIUHF events: 
January 3: Peak of Quadranrids Meteor 

Shower predicted ar 2300 
UTC 

January 8: EME perigee 
January 11-12: ARRL VHF Sweepstakes 

Contest 
Februaq 4: EME perigee 

ham radio 

short circuit 
VHF/UHF world 

In the September, 1985 column, 
"VHFIUHF World" (page 451, the 2 
718-inch dimension shown in fig. 2C 
should be changed to + 2  112 inches. 
This is the height of the loop (from top 
to bottom), not the diameter, and will 
cause the loop to appear somewhat 
oval rather than round. 

During final adjustment, the loop 
Yagi should be tested for minimum 
VSWR. If it is not below 1.2:l (after 
adjusting the spacings between the 
first director and the reflector, as 
explained in the text) adjust the loop 
height carefully to  obtain the best 
match. After adjustment, the junction 
point where the driven element con- 
nects to the brass bolt and the trans- 
mission line should be thoroughly 
soldered together. 



ham radio back issue SALE 
$5 each - 5 for 

December 1984 
FEATURING: Solar powered ham station, 
Packet Radio, Quasi-bilateral IF, microstrip im- 
pedance program, transistor biasing, tuneup 
hints, cumulative index. 
November 1984 
FEATURING: Annual receiver issue, preamp, 
pulsewidth noise discriminator, IMD of cascad- 
ed stages, double conversion portable SW 
receiver, modular 2m receiver, receiving 
signals from outer space, receiver alignment 
system. 
October 84 
FEATURING: Adjustable power supply, low 
cost UHF tower, trap antenna design, the 
"smart" frequency counter, top loaded ver- 
tical, power dividers, compact keyer, Part 6 
VHF Yagi desgin. 
September 1984 
FEATURING: History of SSB, audio AGC, 
MLA-2500 modifications, software packet radio 
approach, SEED antenna, EM1 and digital 
radio, RFI solutions, OSCAR on your HT, Part 
5 VHF Yagi design. 
August 1984 
FREATURING: 3CX800A7 linear amplifier, 
How to Buy and recycle surplus parts, ALC cir- 
cuits, Part 2 cooling semiconductors, grayline 
fundamentals, computer DX'ing, Part 4 VHF 
Yagi design. 
July 1984 
FEATURING: lntro to VHFIUHF propagation, 
Part 1 cooling semiconductors, wideband VCO 
design, ground rod resistance, Part 3 VHF Yagi 
design. 
June 1984 
FEATURING: Tower issue, proper tower 
design, installation and maintenance, im- 
pedance matching, lowpass filters, Part 2 VHF 
Yagi design. 
May 1984 
FEATURING: Annual Antenna issue, Part 1 
Yagi antenna design, capacitively loaded 
dipole, remote controlled low band vertical, 
Part 6 phased vertical arrays, easy antenna 
matching, end fed 8JK, Part 2 branch-line 
hybrids, simple wire plow. 
April 1984 
FEATURING: Resonant circuits, graphic filter 
design, high voltage switching power supply, 
portable SW receiver, HP-IL serial loop, 
mastering the CW keyboard, programmable 
PL tone generator. 
March 1984 
FEATURING: Audio to microwave amplifier, 
ICs and static electricity, computerized moon 
tracking, key to 3 element Yagi design, noise 
cancellation circuit, speech synthesis for 
repeaters, hazards of electric shock. 
February 1984 
FEATURING: VXO frequency synthesis, ellip- 
tic lowpass audio filter design, HF receiver per- 
formance, transmitter tuning aid, better sound- 
ing SSB, VHF meteor scatter communications. 
Part 2 EMllRFl shielding. 
January 1984 
FEATURING: VHF power FETs, measuring 
noise figure, verticals over real ground, GOES 
reception, wide range ohmmeter, 2 meter V- 
antenna, Part 1 EMllRFl shielding. 

$19.95 - 10 for $39.95 - 20 for $69.95 

January 1983 
FEATURING: WARC band propagation, LF con- 
verter, Propagation, Remote site receivers and 
Repeater Operation. Simplex autopatch, Logic 
mate. 
February 1983 
FEATURING: 2304 MHz preamp, CB -10 FM, 
receiver, Cylinder and disk tuned VFO, Bobtail 
curtain antenna part 1. 
March 1983 
FEATURING: 15 meter SSB Transceiver, Bob- 
tail Curtain part II. Dual Voltage Power Supply, 
GaAs FET Performance, Modern Noise Bridge, 
Capacitively Coupled Hybrids, CW Zero Beat In- 
dicator. 
Aprll1983 
FEATURING: Inexpensive Video Monitor, 
Morse Time Synthesis, State-of-the-Art 
Touchtone R decoder, Remote Control HF oper- 
ation, Mihroprocessor Repeater Controller, 6 
meter amp. 
May 1983 
FEATURING: Vertical Phased Arrays part I, 
Stagger Tuned Dipoles, 20 meter Mobile Verti- 
cal, Short Verticals for Low Bands Part I, Inex- 
pensive Hardline Connectors, Log Yagi Simpli- 
fied Grounded Monopole with Elevated Feed. 
June 1983 
FEATURING: Measurement of PEP output 
Power, Short Vertical Antenna Design Part II, 
Vertical Phased Arrays Part II, Smart Squelch, 
10 GHz Ultra Stable Oscillation, Color TRS-80 
RTW, Digital CW. 
July 1983 
FEATURING: Amateur Packet Radio Part I, Ver- 
tical Phased Arrays Part II, R m  and Atari Mod- 
ular Two Band Receiver. 
Auguat 1983 
FEATURING: RF Synthesizers Part I, Amateur 
Packet Radio Part II, Testing Baluns, Hybrid 
Ring, Digital Audio Filter, Antenna Hinge. 
September 1983 
FEATURING: Linear Translators, Fail Safe 
Power Supply, RF Synthesizers Part 11, 10 GHz 
Weather Radar, Installing Effective Grounds, 
Locating Orbiting Satellites. 
October 1983 
FEATURING: Electrical Calibration Standards, 
RF Svnthesizers Part Ill. Vertical Phased Arrays 
Part i ~ ,  2 meter Amplifier, Vacuum Tube sub- 
stitution, 1750 meter transmitter, HF Hybrids. 
November 1983 
FEATURING: Compact SSB Receiver, Design- 
ing a Modern Receiver, Time and Frequency 
Standards, Time Domain Reflectometer, Optical 
FM Receiver, EMI/RFI Test Receivers, 
Shortwave Broadcast Receiver. 
December 1983 
FEATURING: Digital lonosondes, State-of-the- 
Art Autodialer, Time and Frequency Standards 
Part II, PCB Dangers, Vertical Phased Arrays 
Part V, Lightning and Electrical Transient Protec- 
tion. 

January 1982 
FEATURING: Wilkinson hybrids, Blanking the 
Woodpecker: part one, 2-meter transverter, A 
neglected antenna for 40 and 80 meters, phan- 
tom-coil VXO. 
February 1982 
FEATURING: Response of pi-L and tandem 
quarter-wave-line matching networks, Blanking 
the Woodpecker: part two, Improved power sup- 
ply for the Drake R-4C, Systematic design of 
crystal ladder filters. 
March 1982 
FEATURING: Microprocessor-based repeater 
controller, Blanking the Woodpecker: part three, 
Performance capability of active mixers, Simple 
tests for TTL ICs, Equations for determining an- 
tenna parameters, Easy matching sections. 
Aprll1982 
FEATURING: Stripline kilowatt amplifier for 220 
MHz, 2716 Eprom programmer, Performance 
capability of active mixers, Readout for the de- 
luxe memory keyer, Inductance meter. 
May 1982 
FEATURING: A quad owner switches, Dipole 
antenna over sloping ground, Inductance-tuned 
lowpass antenna matching unit, The half-delta 
loop, antenna geometry for optimum perfor- 
mance. 
June 1982 
FEATURING: Recommendations for 70-cm 
EME, Applying microcomputers to SSN,  The 
radiation of radio signals, Two-tone generator, 
The hybrid coupler, The big-amplifier power-sup- 
ply. 
July 1982 
FEATURING: Versatile communications re- 
ceiver, Design of the digital components of VHF 
and UHF synthesizers, Tandem pi networks. 
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* TECHNICAL FORUMS * ARRL AND FCC FORUMS * GIANT 3-DAY FLEA MARKET 
Starting Noon Friday 
All Day Saturday and Sunday 

+ LICENSE EXAMINATIONS * NEW PRODUCTS AND EXHIBITS * GRAND BANQUET * ALTERNATIVE ACTIVITIES 
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(Valid for all 3 days) 
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(Valid for all 3 days) 
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Dayton HAMVENTION 
Box 2205. Dayton. OH 45401 
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starts Jan. 1. 1986. 

(Admission tickets must be ordered 
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April 25. 26, 27. 1986 
Hara Arena and Exhibition Center - Dayton. Ohio 
Meet your amateur radio friends from all over the world at the internationally 
famous Dayton HAMVENTION. 
Seating will be limited for Grand Banquet and Entertainment on Saturday 
evening so please make reservations early. 
If you have registered within the last 3 yean you will receive a brochure in 
January. If not. write Box 44. Dayton. OH 45401. 
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ment Awards. Nomination forms are available from Awards Chairman. Box 44. 
Dayton. OH 45401. 
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Entrance for set-up available starting Wednesday. Special Flea Market telephone 
(51 3) 223-0923. 
Bring your family and enjoy a great weekend in Dayton. 

Sponsored by the Dayton Amateur Radio Association. Inc. 
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little crestfallen, is Young Squirt (YS), after all, you bought the shop manual 
a novice who has only recently up- and I got a workshop full of test equip- 

troubleshooting I: graded to General Class. ment. But what good does it do if I fix 
"Hiya, Young Squirt - what's the it?" signal tracinglinjection matter, a truck rut-, into your tower?" WOE pauses, knowing YS's objec- 

SCENE: It's one of those evenings 
when you can't determine whether the 
band has just died a little earlier in the 
evening than usual or somebody's 
stuck a pin through your antenna 
coax. Wise Old Elmer (WOE) is lei- 
surely tuning across 15 meters when 
the doorbell rings. He opens the door. 
Standing there, looking more than a 

Young Squirt replies, "Almost. My 
$800 Super Band-Buster Single Side- 
band (SBBSSB) transceiver died on 
receive - think ya' can help?" 

Now, WOE is one of those old-fash- 
ioned people who believes that if you 
give someone a fish then they eat for 
today, but if you teach them how to 
fish, then you feed them for a lifetime. 
"Well, Squirt, I reckon I could fix it - 

tion because he remembers a scene 
like that, oh, so many years ago, back 
when he thought the QCWA met in 
the local nursing home. 

"Well, answers YS, ... it'd get me 
back on the air." 

"Young Squirt," says WOE, assum- 
ing a fatherly tone, "you just passed 
a community college course in radio 
and nearly aced the General class 

FJ REC T I F ~ E R  

PREA UP 0 

FEEDBACK I-D- 
POWER TO S P E A K E R S  

D R I V E R  +-"- 
F E E D B A C K  D 

SUPPLY 

fig. 1. Standard radio receiver block diagram. 
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I fig. 2. Circuit of fig. 1 (standard receiver) redrawn to show signal injection. I 
license exam. Why don't I show you 
how to troubleshoot that rig of yours, 
and see if you can learn a thing or 
two?" 

YS is startled at the suggestion. 
Elated, but still questioning his own 
ability, he admits that WOE knows a 
lot more than he does, so puts his 
anxiety on hold. But when WOE heads 
over to the workbench - muttering 
something about getting out his fish- 
ing pole - the anxiety returns. 

With the transceiver on the work- 
bench, WOE directs YS to remove the 
top and bottom covers according to 
instructions in the service manual. 
Taking out a piece of paper and a 
stubby No. 2 pencil, he draws a block 
diagram of a standard radio receiver 
(fig. I). 

"Take a look at this picture, Squirt. 
Note the various stages. We have an 
RF amplifier tuned to the incoming sig- 

nal, a converter or mixer/local-oscil- 
lator stage that converts the RF signal 
to the IF frequency, an IF amplifier 
where most of the gain and selectivity 
are placed, a detector - let me draw 
a simple AM envelope detector, just 
for the sake of argument - and an 
audio amplifier chain. There might be 
various feedback loops in the audio, 
but we can leave them out for now. 
There might also be an automatic gain 
control (AGC) circuit. This circuit is 
simple compared with the SBBSSB 
receiver section, but it serves to show 
you how to bait your hook." 

"Huh? Bait my hook?" 
WOE smirks. "Let's talk a little 

about troubleshooting philosophy, 
YS," he says. "It'll help us think this 
process through. The vast majority of 
electronic troubleshooting problems 
involve either losing a desired path for 
current or gaining an undesired path 
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for current. " That certainly sounds 
simple, so Squirt figures WOE just 
might know a thing or two. "Further- 
more," WOE continues, "there is, in 
each stage, an AC path for current and 
a DC path for current. Although there 
are cases in which examining the DC 
path in each stage will allow us to iso- 
late the defective section of the 
receiver, it's more often the case that 
the signal path - an AC path - is the 
best way to attack the problem." 

"DC path, AC path?" YS asks, 
"that sounds familiar. 1 talked to Sally 
Solderburn last week, and she told me 
about using those ideas to trouble- 
shoot solid-state circuits." (Sally only 
recently obtained an Amateur license, 
but had been the Chief Engineer of the 
local National Public Radio FM station 
in their town for several years. She'd 
also spent several years repairing CB 
and taxicab two-way radios.) 
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"Yeah, Sally showed me a thing or 
two about troubleshooting solid-state 
circuits," replies WOE, "but let's get 
to that in a moment. The first job is to 
isolate the dead stage. There are two 
methods we can use: signal tracing or 
signal injection." 

Taking out another sheet of paper, 
WOE redraws the circuit of fig. 1 in the 
form of fig. 2. "In signal injection we 
use a signal generator to insert a sig- 
nal into the various stages of the 
receiver, while monitoring the output 
signal on the speaker or a pair of head- 
phones. 

"In the textbook case - I use that 
term because, practically speaking, 
there are telling indications that allow 
us to cut the process short - we'll first 
use an audio generator at the input of 
the audio output stage. If this signal 
creates an appropriate response in the 
output - that is, a tone in the speaker 
- then we move the signal generator 
back to the input of the AF preamps 
or the volume control. If the audio 
stages prove out OK, then we have to 
switch to an RF signal generator. At 
first, set the RF sig gen to the IF fre- 
quency. Inject the signal into the input 
of each IF stage (there are three 

stages, you know) and the output of 
the converter (or mixer, if that system 
is used). Finally, if all these stages 
prove out, as indicated by the signal 
getting all the way through to the out- 
put, switch the sig gen frequency to 
the RF frequency. This step's a little 
tricky, in some cases, because the 
receiver and sig gen aren't tuned to the 
same frequency; the dials are way off 
from each other. Rock either the re- 
ceiver or signal generator dial back and 
forth to find the signal. The last stage 
is the RF amplifier." 

YS marvels at the simple logic of 
stage isolation, but now wonders what 
"signal tracing" is: "Tell me, Wise Old 
Elmer," he asks, "you mentioned sig- 
nal tracing a couple minutes ago - 
what's that?" WOE reaches for his old 
Heathkit signal tracer and shows it to 
YS. "Well, Squirt," he begins, "the 
signal tracer is merely a high gain audio 
amplifier with a loudspeaker output. 
The input is a switchable probe. In one 
switch position the probe acts like a 
simple low-capacitance probe, while in 
the other it's a demodulator probe. 
This latter position will demodulate an 
AM signal." Turning the now well- 
used piece of paper over, WOE again 

- 

draws the simplified block diegram of 
a radio receiver (fig.3) and shows 
Squirt how to signal trace. 

"Remember how in signal injection 
we started at the audio output stage 
and worked backward toward the RF 
amplifier?" he asks. "In signal tracing, 
we work in the opposite direction - 
from the RF amplifier toward the AF 
stages. It's important to have the 
receiver tuned to some reasonably 
strong signal that will stay on the air 
for a little while. On some Amateur 
bands there are enough signals so that 
this is not a problem - 75 meters after 
6 PM for example - but in other 
cases, we'll have to supply a signal. In 
our area, WWV on 10 MHz is usually 
strong, so we can use the WWV mode 
of the receiver. Otherwise, simply con- 
nect a signal generator to the antenna 
terminals. Set the output frequency to 
the same frequency as the receiver 
dial. 

"Use the signal tracer in the 
'demodulator' mode (also called the 
'RF' mode on some instruments). 
Look for the signal first at the output 
of the RF stage, then at the converter 
(or mixer), at each IF stage in succes- 
sion, and finally at the input of the 

RF , - 
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detector. If the bad stage is not found, us to eliminate certain stages. You for AMISSB radios" and begins to 

then switch to the AF mode on the sig- know, professional technicians often write 

nal tracer, and continue tb the detec- make more money from merely with gain turned up, a 
tor and each of the audio stages in observing sets than from testing them. loud hiss indicates a lot is pre.. 
succession. " People like your friend Sally make their sent, so the problem is to the 

"The process of stage isolation," living by fixing as many sets per work- front-end. 
WOE continues, "is used to limit the 
problem area to a single bad stage. 
Once we determine which stage is 
dead, then we can use other methods 
to figure out which component is 
defective." 

YS is impressed. "Darn!" he 
exclaims, "that's simple, WOE. Why 
didn't I think of that?" 

"Hmmmm.. ." thinks WOE, "that's 
a good question." 

"WOE," asks YS, "you mentioned 
some shortcuts.. .what were you talk- 
ing about?" 

"Well, I don't mean to imply that the 
process isn't valid, because it works in 
almost all cases - in fact, it's never 
failed for me. But a little experience 
shows us that some indications allow 

LA CUE, INC. 
132 Village Street 

J o h n s t o w n ,  PA 15902 
orders only 

1-800-637-3300 , ,, 

ing hour as possible, so they're deeper 
in the bucks if an educated guess 
shortens the process." 

Squirt is now almost breathless - 
but whether from a desire to impress 
Sally or from the technical wisdom 
he's gaining isn't clear. "What kind of 
shortcuts are there?" he asks. 

"Well, let's take a quick look at your 
rig and see." WOE makes sure the rig 
is turned off and in the receive mode. 
He plugs in the AC power cord and 
turns on the power switch. "Run the 
AF gain control up and down through 
its range several times, YS," he 
directs. "Hear that scratching? Very 
few volume controls are perfectly 
clean potentiometers. Almost all of 
'em have enough scratching to let you 
know whether or not the AF stages are 
working." 

YS turns the control several more 
times, and sure enough, the speaker 
emits a rough scratching sound as the 
control is adjusted. 

"That scratching tells us that the AF 
amplifiers are probably OK," WOE ex- 
plains. "Now set the AF gain at or near 
maximum and turn the RF gain control 
all the way up. Notice that the set is 
all but dead - there's only a small 
hissing sound. That tells us that the 
problem is probably in the detector, IF, 
or mixer/oscillator (or converter) 
stages. If the mixer/oscillator and all 
following stages are working, and the 
problem is in the RF amplifier, then 
we'd hear a loud hiss amplified by the 
high gain IF amplifier. This hiss is a 
combination of thermal noise in the 
stages plus a certain amount of noise 
created by the heterodyning process. 
Listening to the receiver with the an- 
tenna disconnected is nearly the same 
sound." 

WOE takes out another sheet of 
paper, brushes away some instant cof- 
fee crystals, and makes a list for his 
young friend. He titles it "common 
faults and their indications, especially 

2. Picking up only a few stations in a 
normally crowded band (not 15 meters 
at 10 PM) could indicate a sensitivity 
problem. If there's not a lot of hiss, 
then look in the IF amplifiers (especially 
the early stages). The fact that the sig- 
nals are there, in the right place, ex- 
onerates the mixer/oscillator. 

3. A lot of signals, but with low 
volume, usually indicates that one of 
the latter IF stages, the detector, or 
one of the AF stages is faulty. If the 
volume control scratch is normal, then 
the AF stages are probably OK. 

4. Tune the radio across a busy band 
while watching the S-meter. If there 
are periodic deflections - indicating 
that the receiver tuned across a signal 
- but there's still no output signal, 
then the dead stage is between the S- 
metered stage and the output. 

5. A constant - or nearly constant - 
indication on the S-meter might indi- 
cate an oscillating IF amplifier or other 
stage. 

"Well, there you have it, Squirt. Think 
you can show me which stage is bad?" 

YS, who by now has had both his 
consciousness and confidence raised, 
mutters, "I expect so." 

next month 
This month we used a little "Elmer 

Scenario" to illustrate a little lesson in 
troubleshooting. Next month we'll 
return to our usual format and tell you 
what Sally Solderburn taught YS 
about troubleshooting. 

have a question for Joe Carr? 
Send your question to Joe Carr, ham radio, 

Greenville, New Hampshire 03048. While not every 
letter can be answered personally, he will try to 
answer as many as possible in this column. 
E d .  

ham radio 
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I Kantronics "."-" Y -  
NOW - for ANY computer, 

the intelligent terminal unit 
I that can change its spots. 

Can you imagine a terminal unit (TU) 
that has user programmable 

I parameters? Would you like to be able 
to vary the MARK and SPACE tones you 
use by computer control, save these 
parameters for next time, and be able to . change the center frequency and 

I bandwidth of the CW detector? All this 
can be done with the Universal Terminal 
Unit-XT by Kantronics. 

l magine a CW/RTTY/ASCII/AMTOR 
machine that operates with a TNC-like 

' I command structure, including 54 
commands. The UTU-XT does just that 

I with a 6303 microcomputer, 2K of RAM, 
I 

NOVRAM, and 128K of EPROM 
embedded inside. 

UTU-XT is also compatible to any 
computer with an RS232 or TTL (C-64) 
serial port - the circuit is built in. This 
allows you the flexibility to change I 

computers at any time. , 
UTU-XT operates CW from 6-99 I 

WPM, RTTY from 45 to 300 baud. ASCII 
from 110 to 300 baud, and AMTOR 

I 

modes A, B, and L. Selective RTTY and 
SELFEC are included. 
Suggested retail $359.95 

I /  - Yours . . . for Only $1.99 I 
'TMJ rramw' 
-- IDIO when you join 

NICA~~~JNS @ ELECTROMICS BOOK CLUB 
The Most Complete Ham Information Source Available. 

Regularly Sells for $45! 
From the Only Book Club that Delivers 

Over 1.000 Hundreds of top-quality books to select from! 
data-packed * Unmatched savings on every selection! 
pages, more Exclusive access to all the books 

than 1 0 i l l t a t i s  1 you want and need most! I 
I 

r E ~ ~ w n n c s  B o n ~  CLUB I 
mom good reasons to join ! @ P.O. BOX lo. Blue Ridge s~mmn. PA in16 1 

Save 209; to 75% on bookssuretoinnease your radio I Please accept my membership in the Electronics Book Club and send my Wpy of ( 
The JAB Hendim& 01 Radio Communicelrons (Book No. 1636H) billing me Only $1.99 

and electronics know-how plus shipping and handllng charges. If not satisfled, I may return the book w~thln 1 
NO-RISK GUARANTEE. ALL BOOKS RETURNABLE WITHIN 10 ( ten days without obligation and have my membership canceled. 1 agree to purchase 1 

DAYS WITHOUT OBLIGATION 3 or more books at regular Club Pr~ces (plus sh~pp~ng/handling) during the next I 2  
c lub News Bulletins. AII about current selections--mains, alter- 1 months, and may reslgn any time thereafter. 

nates. extras-plus bonus offers. Comes 13 times a year with hundreds 1 I 
of up-to-the-minute titles to pick from Name 

I 
Automatic Order. Do nothing, and the Main selection will be 1 

shipped automaticallyl But. . . if you went an Alternate selection--or 1 Address 
I 

no books at all-we'll follow your instructions. City 
I 

Bonus Boob. lmmediateiy get Divldend Certifcates with every book 1 zip Phone 
purchased good lor discounts of 60'%, lo 80'5.. 

I 
1 Valid lor new members ony. Fwslgn applicanls will receive wdering instrucllons. Canada musl 1 

~xcept lonal  Quality. All books are first-rate publisher's editions. I in US. currency. 111,s order sublec~ to acceptance by the Electronin rn club 
carelully selected by our Editorial Board. HR-1% 1 
\ ~I~IIII~~~I~III~I~III~I~ 
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TR-26OOA ~ese-ttr 
W l - s a m ~  rw,a,lon 
as !w leading HT 

TH-21ATJ41AT MA40 40' TUBULAR H.D. MAST 

MA-550 55' TUBULAR H.D. MAST 

.Why You Should Buy- 
SUPER-COMPACT 1. Will handle 10 Sq. Ft. 
2 METER MOBILE 

WINDLOADING 

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

1C-47A. 70CM SAVE! 

TOP-0F .THE .L INE  H F  T R A N S C E I V E R  

PAY REGULAR PRICE $m 

Free UPS Surfac~? 
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O I m I  W s d D I "  B"II,W,m. 
m* uumt CALIF. AND ARIZONA CUSTOMERS CALLOR VISIT NEARESTSTORE 
M B  " l i i i *  Alan,. 

o ~ e * ~  xsN.***e PHONE HOURS: 9:30 AM TO 5 9 0  PM PACIFIC TIME. ' 4+ .wo,,., A1,,222:,2-,vu STORE HOURS: 70 AM to 5:30 PM Mon. through Sat. 
L 

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

(714) 761.3033. (213) 860.2040. (415) 451-5757, (619) 560-4900. 
Belween Dlsneyland a Knolls Berry Farm Highway 24 Downtown Lell 271h olf.ramp Hnghway 163 and Clalremonl Mesa Blvd 

BURLINGAME, CA 94010 PHOENIX. AZ 85015 VAN NUYS. CA 914M 
990 Howard Ave.. 1702 W. Camelback Road. 6265 Sepulveda Blvd.. 

1415) 342-5757. (602) 242-3515. (818) 988-2212 
5 mlles soulh on 101 lrom San Fran. Atrport. f l  144 Easl ol Hcghway 17. San Dlego Freeway a1 Vlclory Boulevard 



I -' / 
Replace your HTs  awkward speaker-microphone with 
an rrearmicrophone. 
Dlacrete HT communlcatlons leaves you wlth both 
hands free. 
Allows voice communlcatlons In nolsy envlmnments. 
Our meartalk interfaces with almost all W s ,  which 
have external speaker microphone output jacks. 
Custom hybrld circult. 
Low power consumption. Transmits at SmA and lea8 
than 10uA when receiving. 
One year warranty. 

Dealer inquiries are invited. 

$99.95 includes IECS-200 control unit, Ear transducer, 
9V battery. 6-pin output connector and Instruction sheet. 
(Add 6% sales tax for California residents.) 

Custom made interface cable for TEMPO I 5  . a all ICOM 
HTs are available at $19.95 
FOR ALL PREPAID ORDERS, SHIPPING AND HANDLING 
CHARGE WILL BE PAID BY N-EAR-TALK. 

. 
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Measure Up With Coaxial Dynamics 
Model 83500 Digital Wattmeter 
The "Generation Gap" is filled with the "new" EXPEDITOR, the 
microprocessor based R.F. AnaDigit System. 
The EXPEDITOR power computer.. .you make the demands, it fills 
the requirements. 

. Programmable forward AND reflected 
power ranges. 

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

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

COAXIAL @ 
DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland. Ohio 44135 
216-267-2233 1-800-COAXIA 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 

short circuit 
K1 BQT transceiver 

The following corrections should be 
made to KlBQT's November article, 
"A Compact 75-meter Monoband 
Transceiver": 
AUDIO AMPLIFIERIAGC MOD- 
ULE: Schematic omitted IN914 in line 
from audio output to gate of Q1. Also, 
AGC delay may be too long with 2.5 
r F  on gate of Q1. If so, substitute 1 
or 1.5 rF. 
DRIVERIBPF MODULE: Q3 gate 
No. 1, resistor value should be 10k. 
Schematic omitted 0.01 between L4 
and gate No. 1. L4 is direct coupled - 
not link coupled - to 03. Also, 
schematic omitted RFCl on 04. 
EXCITER MODULE: Schematic 
omitted 0.1 bypass on U5 pin 3. Delete 
1 k resistor shown between mic gain 
and U6 pin 1. 
RECEIVER MODULE: Schematic 
omitted 0.1 bypass capacitors on U1 
pin 7, +R, and U3 pin 7. On PCB, 
move 0.1 bypass from ALC input to U2 
pin 5. 
Finally, use silver mica capacitors in 
the transmitter BPF. Parasitic oscilla- 
tion of the driver was traced to inferior 
quality ceramic capacitors in the two 
units. 

J 

SWLS - HAMS 
CALL TODAY FOR ALL 

YOUR SWL & HAM NEEDS 

*RECEIVERS *ANTENNAS 
*TRANSCEIVERS *RTTY 
*PUBLICATIONS *SWL 

YAESU*KENWOOD*ICOH 

HARDIN ELECTRONICS 
5635 EAST ROSEDALE 

FORT WORTH, TEXAS 761 12 
1-800-433-3203 
IN TEXAS 8 1  7-429-9761 
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ham radio 
let's hear it 
for the good guys 
1 have noticed a slight tendency, on 
the part of some high-tech people, to 
look down on hams and ham activity 
- as if such a hobby somehow les- 
sened the professionalism of those 
whose livelihood is RF engineering. 1 
challenge that notion. Quite to the 
contrary, experience as a practical 
operator cannot but deepen one's 
understanding of electromagnetic 
wave generation and propagation. In 
fact, if there are any computer kids 
among our readers who are not hams, 
we urge you to give it a try. It will give 
you much of the education, in this 
strange "new" field, that you're look- 
ing for. 

These interesting and encouraging 
words appeared in an editorial by Keith 
Aldrich, publisher of r f  design (August, 
1985). * 

Other Radio Amateurs in the tech- 
nical fields have noticed the profes- 
sional "snub" on occasions, but this 
is far outweighed by the great number 
of professionals that are hams. All one 
has to do is attend the Radio Amateur 
dinner and reception at the National 
Association of Broadcasters Conven- 
tion, or the Amateur luncheon held at 
the annual gathering of the Armed 
Forces Communications and Elec- 
tronics Association. You'll find an eye- 
popping number of top-notch profes- 
sionals - who are also enthusiastic 
Radio Amateurs - at these meetings! 
So, let's hear it for the good guys and 
for Keith Aldrich, who I hope will 
become a ham himself one of these 
days! 

the phasing SSB system - 
born again! 

Old-timers will recall the phasing 

'Cardiff Publishing Co., Inc., 6530 S. Yosemite Street, 
Englewood, Colorado 801 1 1. 

system of SSB. Remember the Cen 
tral Electronics 10A exciter? This 
thought should bring tears to the eyes 
of any sidebander who was active in 
the early 1950s. The phasing system 
died a quick death with the advent of 
the latest edition of the ARRL Hand- 
book. ( A  friend of mine chided me for 
including a short section on the phas- 
ing SSB system in the latest edition of 
Radio Handbook. My reply to him was 
that it is still a valid system of gener- 
ating a sideband signal and possesses 
some virtues that the filter system does 
not have. His only reply to me was a 
look of pity.) 

But now it looks as if the phasing 
system has finally come into its own, 
especially in the field of VHFIUHF 
operation. 

A major disadvantage of SSB is that 
it requires relatively inefficient linear 
amplifiers to reach high power levels. 
Unfortunately, reasonable efficiencies 
at VHF and higher are obtainable only 
with class C amplification, which 
precludes the use of a low level SSB 
driving signal. If the modulation takes 
place in the high level RF amplifier, 
however, linearity is not a problem. 
High audio power is required for high 
level modulation, but today's digital 
techniques make possible pulse-width 
modulated audio systems having a 90 
per cent, or better efficiency level. 

Finally, in some UHF frequency con- 
trol systems a subaudible tone must be 
transmitted to phase-lock the product 
detector of the receiver. A typical SSB 
crystal or mechanical filter does not 
pass frequencies closer to the carrier 
than 250 to 300 Hz without sacrificing 
sideband rejection. But with a phasing 
transmitter, there's no such problem, 
because there's no low frequency limi- 
tation to the audio signal transmitted. 
The system can handle modulation 
down to the DC level. 

The modern UHF SSB transmitter 

makes use of high-power FETs 
because of their high class C effi- 
ciency. A block diagram of part of the 
audio phase shift and modulation sys- 
tem is shown in fig. 1. The audio sig- 
nal is amplified and compressed and 
run through a bandpass filter. In the 
following buffer stage, the pilot or con- 
trol tones are added to the audio sig- 
nal. It then passes through a conven- 
tional audio phase shift network which 
provides two ports, separated by 90 
degrees in phase. A differential ampli- 
fier follows the network. The amplifier 
is temperature compensated by 
mounting the two units on a common 
thermal link so that stable and equal 
gain are achieved in the two chains. 

The audio signals are fed to a 
voltage-controlled astable multivibra- 
tor which has a resting frequency of 
100 kHz with a 50 percent duty cycle. 
This stage drives a monostable mul- 
tivibrator with a 10 microsecond reset 
time. With no modulation, these 
devices produce a square wave of 100 
kHz with a 50 percent duty cycle. Any 
change in the frequency of the voltage 
controlled multivibrator will result in 
the change in the duty cycle of the fol- 
lowing stage. 

The multivibrators drive switching 
transistors (01, Q2) that reproduce the 
driving signal at the appropriate power 
level. The output passes through an 
integrator (L,C) which provides an 
exact reproduction of the input audio 
signal applied to the system. A protec- 
tive diode (CR1) suppresses switching 
spikes that might damage the switch- 
ing transistors. 

The push-pull audio signals are fed 
to high level balanced modulators 
whose carriers are shifted 90 degrees 
in phase. The result represents cancel- 
lation of one sideband and reinforce- 
ment of the other. Upper or lower side- 
band can be chosen by reversing the 
audio phasing. 
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ASTRVN SALE1 SSB ELECTRONIC 

H5 7A 45 Y. Rb-J5A 12,J ', 

NI44-28.10 10W 2MTX XVRTR 2W" 

VS.2OM 114 95 VS.50M 223 -5 

0x437 PREAMP N F c Sdb 

KENPRO ROTORS 

KRIWIKRYH) - 125.sV154" 215W8. 73m 

KR.54001KR-5800 247 =I309 4218XL . 

HENRY AMPS 

2 KD CLASSIC 

AMP SUPPLY SBLAI44E 2MTR MAST MOUNT R F 
SWITCHED PREAMP.25OW THRU POWER. MAST MOUNTED PREAMPS: 
N F - IdblMbG 169" MVl44V 2 M W  R F.SW1TCl-i WITH 12V 

MlRAOE.FREE UPS BROWN ON ALL 1269-144 3W UP CONV 

8215 - 245." 
8108 - 149 95 
81016 - 235" D.IO~ON . 279 m 1269196 DlSH FEEDS 

0 - ~ 1 0 ~ .  251 m 2304 DlSH FEEDS 
~ p . 2  .9g  n 1296 SLUG TUNERS 65 95 COMING SOON' 

69 9, 13 EL 2MTR YAGI 
56 93 23 EL 1296169 YAGl 46" 19 EL 70cm YAGI 

SAVE YOUR EARS 
WlTH THIS HANDY 
SIGNAL ENHANCER 
$74.95 LESS power rupp~v 

$84.9" d m  r w e r  WPPIY podP8ld 

SEE AHIICLE m Sepl 85 Ham Radm Page 113 

Hildreth Engineering 
936ArdeaDmR Sunwde.CA94DB6 
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40m Phased Array 
-the Easy Way! 

&*T& * 
OPTI PHASOR'~ b y  Ba~leyTech 

m Chan e d l r e c t l o n  instantly 
m H~gh 8/8. a d j u s t a b l e  phaslng 

Low SWR over entlre 40m band 
m Just  2 d~poles glves 4 db galn 

AISO ara*lab!e mh matched 
$119.95 a,,*s.a~ I, 18,s 

Check MO VISA. MIC 
Call or Wllls lor Complele Catalog 

TET A n t e n n a s ,  Larsen, Hy-Galn. 
A l p h a  Del ta,  e t c  

SU- 
1587 U.S. 68 N Xenia. OH 45385 

(51 3) 3762700 

COMPUTER PROGRAMS 
FOR THE RADIO AMATEUR 

by Wayne Overbeck, 
and Jim Steffen, KC6A 

Here's Ihe llrst source book of computer programs 
lor the Hadio Amateur Hesldes coverlng COmpUtel 
basics, thls book glves yuu programs that wlll help 
you log, determine sunnse/sunset tlmes. track the 
Moon's path across the sky, use Greyl~ne ropaga- 
l ~ o n  and set up record systems for WAS. ~ X C C  
and VUCC, or any other award. You can either 
buy the book alone or you can buy the book Wlth 
the programs already on d~sk. Take full advantage 
o l  your computer w ~ t h  this well wrlnen source 
book 't r 1984. 1st edition, 327 pages. 

L IHA-0657 Softbound $16.95 
1 IHA-0657 with program $29.95 

spec~ly computer (see lhst below) 

[-1Program disk alone $19.95 
Progratlls available lor. Apple II (DOS and CP/M). 
IBM (00s). TRS~BO Model I and Model Ill and 
Commodore C-M. Please mark your order wlth the 
progralil dlsk you want 

Please include $3.00 rhippinp and hmdllnu. 

Ham Radio's Bookstore 
Greenville, NH 03048 
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fig. 1. Pulse-width modulator for drain modulation of FET. Q1 is a high current switching 
transistor. 

For high frequency operation, the 
RF phase splitter employs conven- 
tional coil and capacitor circuits. 
However, in the UHF region, these are 
replaced by a stripline hybrid circuit for 
stability and simplicity. 

So the phasing system rises from 
the ashes to take part in today's explo- 
ration and utilization of the UHF front- 
ier. Amateurs will soon rediscover this 
old technique and put it to new uses.t 

the compact dipole: the 
general case 

In previous articles I've discussed 
coil-loaded, compact dipoles of 
interest to the Amateur who wants to 
operate on the HF bands but has 
limited antenna space. The designs 
shown, which placed the loading coil 
in the middle of the dipole leg, 
represent specific instances of the 
general case, where the loading coil (L) 
may be placed at any point in the 
dipole leg (fig. 2). 

There are good reasons why the 
loading coil is centrally located in a 
dipole element. If the coil is placed 
near the feedpoint, less inductance is 
required, but current in the coil is 
higher and losses are higher. If the coil 

- - - *FlA-7- - - -  

L, J'\.rnINT 

fig. 2. Coil-loaded dipole antennas. See 
fig. 3 for coil data. 

is located near the dipole end, less cur- 
rent flows in the coil, but more turns 
are required, increasing coil loss. Theo- 
retically, if the coil were to be placed 
at the end of the dipole, the number 
of turns required would be infinite. 
(Efficiency aside, valid reasons may 
exist for placing the loading coil at 
some point in the dipole other than the 
center of the leg. It has been proven 
that feedpoint loading works well, 
even though loading coil efficiency 

t This material prepared and abstracted from "Technol- 
ogy Rejuvenates the Phasing SSB System," by Eric 
P. Nichols, in the August, 1985, issue of Microwaves 
& RF magazine, a Hayden Publishing Company month- 
ly publication. (Hayden Publishing Company, Inc., 10 
Mulholland Drive, Hasbrouck Heights, New Jersey 
07604). 

may not be the highest - but that's 
another story. 

A good summary of dipole loading 
is contained in The ARRL Antenna 
Book,' in which a chart provides 
general design information for dipoles 
of various length and loading. 

For the case of the center-loaded 
leg, the ARRL chart may be simplified 
as shown in fig. 3 to indicate the reac- 
tance (XL) required in a loading coil for 
antenna sizes ranging from 10 to 80 
percent of normal. The graph is quite 
linear in the center portion but departs 
from linearity at both extremities. 

As an example, assume a dipole 
only 100 feet long is needed for 3.8 
MHz operation. A normal-sized dipole 
(made of wire) at this frequency would 
be 123.16 feet (37.53 meters) long. The 
required dipole, then, would be 
1001123.16 = 0.81, or 81 percent the 
length of the regular dipole. This point 
falls just outside the right-hand edge 
of the graph, but the required loading 
coil reactance can be estimated as 
about 305 ohms. 

The inductance required is found by 
the formula: 

where f is the frequency in MHz and 
L is the inductance in microhenries. 

A second example: assume a dipole 
is needed for 1.8 MHz operation, but 
can be only 40 percent the length of 
a full-size dipole, which would be 260 
feet. The compact dipole length would 
be 260 x 0.4 = 104 feet (31.69 meters) 
long. Finding 40 percent on the x-axis 
and tracing the point up to the curve 
and over to the y-axis indicates that 
the loading coil for this antenna should 
have a reactance of 1,300 ohms. The 
formula given above will convert this 
value into microhenries. 

Enterprising Amateurs have taken 
this whole concept and computerized 
it into a simple program so that once 
the antenna size is established in rela- 
tion to a full-size dipole, the inductance 
of the coil, the number of turns, and 
coil diameter can be quickly deter- 
mined for a center loaded element. 
How about that, computer fans? 
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and now the bad news 
Every HF operator is thoroughly 

familiar with the "Russian Wood- 
pecker," the high power OTHB (over- 
the-horizon, backscatter) radars run by 
the Soviet Union. Repeated com- 
plaints about this obnoxious QRM 
generator have gone unheeded over 
the years. And now, I understand, the 
United States will soon have one run- 
ning. But tests conducted with an 
experimental American OTHB radar 
revealed that the final version will not 
be a QRM-blaster as the Russian one 
has proven to be. 

The American OTHB was discussed 
in some detail by O.G. Villard, Jr., 
WGQYT, writing in QST.2 And the 
April, 1985, issue of Amateur Radio, 
the publication of the Wireless Institute 
of Australia, revealed that the proto- 
type of an Australian OTHB radar was 
built and tested in 1978. The radar is 
located in the general area of Alice 
Springs, with the actual transmitter 
some 60 miles to the northeast. It is 
reported that the installation has suc- 
cessfully tracked commercial aircraft 
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flying along the air route from Singa- 
pore to Australia. The radar receiving 
antenna array, which includes 468 
pairs of broadband monopole 
antennas with each pair phased and 
sitting atop a very large ground mat, 
stretches over a distance of 1.7 miles 
(2.8 km). (That should be very effec- 
tive in a DX contest. 

The power output of the transmit- 
ter is not disclosed, but it is reported 
to be over 400 kW. An array of verti- 
cally polarized log periodic antennas 
are used, with the beam steerable in 
azimuth. 

Received echo signals, which are 
very weak, are analyzed in a computer. 
Frequency shifts on the returned sig- 
nals caused by moving targets are ana- 
lyzed to give an indication of the tar- 
get speed. Thus the return signal from 
an aircraft is easily distinguished from 
a return signal from a small ship or 
other surface vehicle. 

A frequency surveillance system 
prevents transmitted signal from oper- 
ating on any occupied channel. The 
author of the article, Ian Hunt, of the 

, 
20 30 40 50 60 70 80 

Australian Department of Defense, 
writes that he "can state with certainty 
that the HF Amateur Radio bands are 
thoroughly protected in this manner. 
This fact.. .should make it obvious that 
statements (claiming) that OTHR sig- 
nals emanating from the Jindalee sys- 
tem are observed in the Amateur 
bands would be ill advised, alarmist, 
and irresponsible in nature." 

The OTHR system can track com- 
mercial aircraft for safety, keep track 
of military flights, detect unauthorized 
flights (such as used in drug smug- 
gling), and watch wave systems on the 
ocean to advise shipping of possible 
hazards. It can also be used for 
increasing the knowledge of the 
ionosphere and the study of long-haul 
propagation. 

A - ( A N T E N N A  S I Z E )  % OF FULL S I Z E  

fig. 3. Loading reactance as a function of antenna length ( A ) .  

how does the OTHR affect 
ham radio? 

The Australian OTHR appears to be 
a well-run project that promises to 
produce little interference to the vari- 
ous high frequency services, including 
Amateur Radio. It's comforting to 
know that this radar is programmed to 
avoid the Amateur bands. Good 
thinking! 

Pandora's box? 
The photographs of the Australian 

installations reveal the immense size of 
the project. Yet dollar-wise, it seems 
to be quite modest. It seems to me 
that Australia, unintentionally, may be 
pointing the way toward the day when 
any country with a few bucks and lots 
of open space can set up its own "do- 
it-yourself" backscatter radar system. 
The newcomers to the game may not 
be so charitably inclined as our Aus- 
tralian friends, and in a few years we 
could all be plagued by many world- 
wide backscatter radars, situated all 
over the globe and making HF commu- 
nications a thing of the past. 

references 
1 .  The ARRL Antenna Book, 14th edit~on, American 
Radio Relay League, Newington, Connecticut 061 11, 
page 10-5, (figs. 9 and 101. 
2. O.G. Villard, Jr., WGOYT, "Over-thb-Horizon or 
Ionospheric Radar," QST, April, 1980, page 39. 
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Presentinp two small cases 
for a lot 5f mobile power. 

You won't lind a 45-watt. 2-meter 
FM mobrle r-~g th~t's burlt smaller t h x  
the Ylesu FT-27DRH. 

Nor will you find 3 dual-band FM 
mob~le that offers the crossband 
full-duplex capabrlity found In the 
Z-watt Xiesu FT-UCORH. 

It shouldn't bc surpr~sing. We've 
been coming up w ~ t h  a lot of Inno- 
vatrve concepts lately 

The FT-271;)RH me,tsuws just 
2 x 6 x 7 rnches. Conven~ently fitt~ng 
its high-power punch Into many 
small spaces of your car Places where 
other 45-watt mob~les lust won't fit. 

The FT-UORH IS sm.jll too 
Smaller than other dual-banders. But 
w ~ t h  one b g  difference: a "DUP" 
button. Push 11. and you ' t~  operatlne 
lull duplex, 2 rneterl on oneVFO, 
440 MHz on the other: Each at 25 
waits. So you can s~multaneously 

transmlt and n.celve In true tele- 
phone style 

Once ~nstdlcd, you'll find the 
FT-270RH and Ihr FT-2703RH equ,llly 
s~mple to oDertitcb Just turn the rig 
on, dial up ,r freq~.~ency select offset  or^ 

duplex spl~t, and you're on the ,llr 
Each rig g1vc.5 you 10 memorles 

for-stor-rng your favor~te fr-equenc~es 
Dual VFO capabrlrty A clean. unclut- 
tered LCD d~splay for easy readout. 
Push-button jurnps through the band 
In 1 MHz steps Band scanning wlth 
prognmmable upper and lower I~mlts. 
And prlorlty chjnnel opentlon. 

You don't evpn have to take your 
eyes off the I-oail to determrne your. 
operat~ng fr-cqui.ncy and memory 
channel An opt~nnal VOICP synth~s~zer- 
announces them twth at the push 
of a button on the m~crophone. Th? 
FT-UD3RH ~xml,unces both your 

2-rrv ~~.r - ,~nd 440 MHz oppmtlnz 
Ireq~~cnc~es 

Also. tone encod? ,ind encude 
decode capabll~ty 1s programmnblr 
from the (1-ont panel. ~.lvrlg ,jn optlondl 
plug-in h, ir-d 

So when you nrrd Int of powt., 
In ,i compact mob~lr r;id~u, d~scovc-r- 
Yvsu's FT-27IlRH ,rr ~ c l  FT-UCYIRH 
Therr's notli~ng elst= l ~ k r  then) orl 
the road. 

Yaesu Electronics Corporation 
t : , , , : I , ' r r  .l,..'j 

(, ' I . , )  ;,;;,..q(l, I,' 

h e w  Cincinnati Service Center 
"I l/O ~;f i l ! , l  F'111 1 I ,  V ' .  I !.1'1,1111111 ( ' 1  I .1'1011 

([ .J<) fi14- 3lIlO 

Prlces and rpec~f~cat~ons subject t o  change 
without notlce 
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The solution to most interference, interniod. and desense 
problems in AMATEUR and COMMERCIAL systerns. - - 4 0  lo  1000 Mhc - lutied l o  yolrr IrPqttency F- .. . ,. -.. 5 laroe helical resonalors 
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Model  ID^ 1 . $49 95 Model 10-2 w/2 lo 10 mlnulp llmer . $69 95 1 

I We aller a carnplele ltne 01 Iran~mtlter and recelver slrlps 
and syrltheslzers lor amateur and commcrclal use 

Raouesl our tree calaloa Allow I2 lor UPS rhroorno Maslercard end VISA welmme I 
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and down to earth r~ndlng for llttle plstols and 
big guns written by world's best In their fields. 

OX news. OXp~dltlonlnF,, propagation. contest 
rules and -results. emergency - traffic, FCC news, 
new products. antenna and technical articles. 
equipment revlews and modifications. computer 
programs. YL. RTTY. VHF. UHF. ATV. SSTV. AMTOR. 
class~fred ads and much more. 

"Your ptlblication 1s superb! Keep it up!" 
Joe Relsert. WlJR 

"Your U2PV artlcles are prlcrless. Your magazlne Is 
super!" Rush Drake. W7RH 

"Let me congratulate you on a VerV imPresS1VP 
magazine. Just what I've been looking for as a DXer 
and Contester!" Dick Moen. N7RO 

"RADIOSPORTING. once received. cannot be tossed 
aside untll ~t is read from rover to cover. 
reviewedagalnand-a&aln." ChasBrownlng. W4PKA 

Subscription rates: 1 year USA S 16. Canada $ 22. 
Overseas USS 19 

Membership In International Radio Sport Assn $ 4/yr 

I TRY I IS! PHONP. OR SEND YOUR QSL CARD FOR SAMPLE COPY I 
RADIOSPORTING Tel. (416) 438-6313 
Box 65. Don Mll Is. ON. M3C 2R6. Canada / 176 
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HF ANTENNAS - 
, The Easy Way 

by John Haerle, WB511R 
. .,I; )\\ 

. . - ,  
. . This book has been published 

, asamemorialto 
WBSIIR's work as 

UI* an Amateur Radio teacher 
,Originally given as a series of 

speeches or papers, this tutorial is an excellent source 
book on antenna theory and applications. Examples of 
areas covered are: Fundamentals, antenna and feedline 

termlnotogy. baluns. ground systems l~ghtnlng protectlon. 
The Baec Antenna, the d~pole. the zepp. G5RV. Wlndom. 
Special Antennas, the sloper. DDRR. Beverage, lolded 
unlpole. Beams. WBJK. Yagl. two element quad, and the 
160 meter band story John's wrltlng IS In an easy-to- 
understand conversat~onal style and IS full of examples 
and handy tlps and hlnts There are no drawlngs or ~llus- 
tratlons but John's prose palnts plctures for clear and 
complete understand~ng of the lnforrnat~on belng 
presented 1984 1st Edlt~on 

ILIJH-AT Softbound $11.95 
Please add $3.50 for shipping and handl~ng 
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broadband RF transformers 
Add fractional turns 

ratio techniques to your 
impedance matching arsenal 

Despite conventional wisdom, which holds that a 
transmission line transformer can be built only with 
integral turns ratios, it's entirely possible to build a 
practical 2:1 impedance change transformer - that 
is, a 1.5:l turns ratio transformer. Many other frac- 
tions are also possible. But first let's review the evo- 
lution of RF transformers, keeping an eye out for some 
of the possible pitfalls along the way. 

basic transformer 
Consider a basic autotransformer, which has one 

winding, with a tap. If there are five turns from start 
to tap, and two more from tap to finish, then the input 
impedance from start to finish, assuming 25 ohms 
between start and tap, is (25 x 7 x 7)/(5 x 51, or 49 
ohms. This is within 2 percent of 50 ohms, so it could 
serve as a 2:l transformer. 

leakage inductance 
Leakage inductance occurs when the flux from any 

part of a turn doesn't cut all of another turn. Leakage 
inductance is always present - it's just a question of 
how much. One might think that any flux that cuts 
the cores couldn't possibly contribute to leakage 
inductance, because it would then couple to the other 
turns. Thus many early transformer designs stressed 
placing the windings close to the cores. Note that by 
definition, both the primary and secondary have 
separate, and therefore probably unequal, leakage 
inductances. These leakage inductances limit the high 
frequency response because they are very real induc- 
tors in series with the transformer's leads. 

twisted and braided windings 
One might think that lowest leakage inductance is 

achieved when all the wires are wound tightly 
together. Imagine a rope consisting of five parallel 
strands of insulated wire twisted together. This rope 
is wound through a core for five turns only. Then a 
group of three of the strands are unwound one turn 
and then cut off, leaving two strands with five turns 
and three strands with four turns. The three four-turn 
strands are then connected in parallel to one another. 

These are in turn connected in series, aiding with both 
of the remaining five-turn windings. To summarize: 
from the bottom up, there are five turns in series with 
five turns to the tap, and then four turns to the top- 
end, producing a 14:lO ratio. 

Another idea is to use seven strands twisted 
together as a rope with only one turn of this rope 
around the core. Connect five of these turns in series 
out to a tap, then add the remaining two in series. In 
theory this method might offer the lowest leakage 
inductance of any construction, but I can't handle the 
rat-nest of splices and still keep the leads short! And 
both of these techniques ignore capacitive effects that 
limit high frequency response. 

transmission line 
As the primary and secondary wires are brought 

closer to each other, rather than closer to the core, 
their mutual inductance and capacitance increases. It 
then becomes easier to envision the pair of wires as 
a transmission line. At first one might think the extra 
capacitance would limit the high frequency response, 
but it doesn't. The capacitance and leakage induc- 
tance combine to make a transmission line. The closer 
the wires are, the lower the transmission line's 
impedance. Considering the windings as transmission 
lines is a useful conceptual aid. It is now the standard 
method for making RF transformers, because it leads 
to wider-bandwidth performance. The high frequency 
end is helped without affecting the low frequencies. 

bandwidth limitations 
A transformer's low frequency response is a func- 

tion of the type of core, its cross-sectional area, and 
the number of turns. The high frequency response 
depends on the inductance and the turn-to-turn capa- 
citance as well as the length of the winding. The limit- 
ing length occurs when the induced voltage of a sin- 
gle turn adds to the next turns' (voltage) at a 
significantly later angle. This equates to a transmis- 
sion line whose delay angle is determined by its length 
and velocity of propagation. The phase delay of the 
transformer limits its high frequency usefulness. 

balanced transmission lines 
Consider a pair of parallel conductors arranged so 

closely that when the current in one conductor flows 
in one direction, the current in the other flows in the 

By Will Herzog, K2LB. 406 Yarmouth Road, 
Rochester, New York 14610 
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STATE OF 
THE ART 

The ARRL 1986 Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1192 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Paper edition: 
$18 in the US., $19 in Canada. and 
elsewhere. Clothbound $27 in the 
U.S., $29 in Canada and elsewhere. 

NOW Sinad CAN 
BE MEASURED WITH 

YOUR VOM 

Works with your VOM or AC 
VrVM that has 2.5V full scale sen- 
sitinty or better. 
Fast accurate measurements. 
Sinad measurement displayed on 
meter in "dB" scale. 
Self contained, pocket size, go 
anywhere instrument. 
Powered by standard 9V battery 
or optional AC adaptor. 

SINADAPTOR SA1-01 

NY lea add 7 h  sales lax  

J.S. Technology, Inc. 

ORLANDO HAMCATION 
AND 

COMPUTER SHOW 
MARCH 7,8,9, I986 

RORlDA STATE 
ARRL COMNnON 

RKilSTRATlON 
$5.00 ADVANCE $7.00 AT DOOR 

INFORMATlON 
PLEASE SEND 

SELF ADDRESSED STAMPED 
ENVELOPE TO: 

HAMCAllON CHAlRMAN 
P.O. BOX 15142 

ORLANDO, H 32858 
(305) 422-ARRL 

REE PARKING AVAllABLE 

When DISASTER Strikes 
YOU May be the Animals' Only Hope 

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

To assure the quickest response to these disasters, 
WSPA needs the help of ham radio operators in the 
United States and abroad who c-an relay critical infor- 

YOUR RADIO CAN RELAY THE mation to and from international trouhle spots. 

DlSTRESS CALL OF OIL "ILL "lCTIMS 
WSPA ic the only organization officially recognized by 

NAME the United Nations as a constlltant on animal disaster 
issuec. We urgently need you anrl your radio. To 

ADDRESS register as an animal-emergtbncy operator, \imply fill 
PHONE out thr coupon and mail it to WSPA, Western 

CALL Hmiisphere Rexionat Office, 29 Perkin\ St., POB 190, 

EQUIPMENT AVAILABLE Boston, MA 02130. We'll bc depending on you when 
.~nimals are in jfwp.lrdy. 
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fig. 1. 4:l impedance change tubing transformers: ( A ) ,  
connected as a transformer; (6) and (CI. connected as 
an auto-transformer. 

opposite direction. (Both are equal in magnitude.) This 
allows their magnetic fields to cancel out as soon as 
one is outside the space between the wires. As long 
as the currents are equal, the magnetic field does not 
need to intercept the cores. The inter-wire space also 
has an electric field due to the potential difference 
between the wires. The electric field diminishes as 
soon as one is away from the wires several times their 
spacing, especially if a material with a high dielectric 
constant is between the wires. Consequently, elec- 
tromagnetic field propagates between the wires and 
transmission line theory applies. The uncoupled mag- 
netic lines result in a leakage inductance, analogous 
to a transmission line unbalance which results in line 
radiation. 

transmission line impedance 

T 4  

=IN 

OHMS 

fig. 2. ( A )  Pictorial and (81 schematic representation of 
a tubing transformer connected to provide a 2:l 
impedance change. (The reason it won't work is 
explained in the text.) 

.- ~ J 
defined as the square root of the ratio of inductance 
per unit length divided by the capacitance per unit 
length. If one has inductance and capacitance meters, 
this can be measured easily by shorting the output end 
of the transmission line and measuring the inductance 
at the other end. Capacitance is measured directly 
after the short is removed. Measurements are taken 
at a frequency in which the line length is less than 1 /10 
of a wavelength. Divide the Henries by the Farads and 
take the square-root of this ratio to get the impedance 
of the transmission line in ohms. A vector impedance 
meter can be used to measure the line impedance by 
varying the frequency at about the 118 wavelength 
point until the magnitude of impedance stays the same 
as the other end of the line is alternately shorted and 
left open. The phase swings from inductive to capaci- 
tive; its amount is ignored. The surge impedance can 
be read directly. 

We must be able to identify every conductor with 
a mate carrying current in the opposite direction, 
resulting in the absence of an external magnetic field 
and consequently small leakage inductance. However, 
even this procedure is difficult, since the capacity of 
each wire is not only to every adjacent wire(s), but also 

The impedance of a transmission line is sometimes to ground; and the currents in parallel conductors still 
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fig. 3. Pictorial and (8) schematic 

i 
21 N 

5 0  O H M S  

I 2'5 51 
OHMS 

representation of 

Patent sppbed lor. 
Harr,s Corpralm, 
flachesler New York 

/ a 2:l  impedance change transformer that does work. r6  E N D  

must be kept equal and opposite for each sub- 
grouping of closely spaced conductors. 

This means that every wire can have several indi- 
vidual characteristic impedances, each of which 
should be constructed to provide the same impedance 
as obtained by dividing voltage by current, or q. Z,j is 
determined by wire size, spacing, insulation, and num- 
ber of conductors. The ultimate limit in high frequency 
response is the physical length of all the turns, consi- 
dered as a percentage of its electrical wave length. 
There's another paradox here: if one looks at it as a 
conventional transformer, the induced voltage of each 
turn must be the same because the flux is changing 
at the same time in each turn. However, with trans- 
mission line analysis, there isn't any external field, so 
it's much easier to see that it's the total length that 
counts. 

tubing transformers 

be used as part or all of one of the windings, or the 
tubing may simply be grounded to serve as an elec- 
trostatic shield for the cores. Cores of ferrite or pow- 
dered iron are threaded onto the exterior of the tubes 
to increase the low frequency inductance. Wire is then 
run through the interior of the tubing to make the other 
winding(s1. The wires can come out at either the ter- 
minal ends of the tubing or at the common connected 
end; it makes no difference. The wires must make a 
complete turn, so the turns ratio is again always an 
integer. Figure 1A shows a 12.5 to %-ohm trans- 
former. Figures 10 and 1C show a similar construc- 
tion, connected as an autotransformer to transform 
12.5 to 50 ohms. 

If a transformer similar to the one shown in fig. 1C 
were used to transform a 25-ohm resistor to 50 ohms 
by tapping up on the winding or tubing to get a frac- 
tional turn, the results would be poor (see fig. 2A.l 
In fig. 2B arrows indicate the direction of the currents. 

Tubing transformers, now very popular in transis- Note that T2's and T4's currents are in opposite direc- 
tor transmitters, use two parallel sections of metal tub- tions canceling the magnetic fields. But TI'S and T3's 
ing electrically connected at one end. The free ends currents are in the same direction! This means that 
of the tubing have terminals. The tubing itself can then the fields can't cancel, so instead of a transmission 

78 January 1986 



Packet + RTTY= tr:rriscci\~cr, ;tntl yo~~'rc. set. sl>cc.i l'ic opcSl.:rting ~x~r:rmc.tcrs li)r 
If!r)u'rc :~nsious to tn. i t  out, 0111. c1~1ic.k scLt-~1p for v~iicrgc~ric~~ 

Pakrattm PK-64. newr "cluic.ksrart" rn;rnu:tl scction scr~iccs, c.~u~>s. ;~nrl rnulrildc frcs- 
l f \ . o ~ ~  ' \  c rc;~tl :rho111 ~>;rc.kcr, or c:tn gCt !.oil o n  tlic :tir in unclcsr clilenc! irsc.. Anrl thc 1);rkr;ttt c.011- 
are :rlrc:ttly into i t .  y )u  kno\v hou. ''2 hour. trollcsr's st;rnclarcl, I'Al'K st!.lc 
csciting i t  is. With tlic hot nc~v  moclcm gi1.c~ \ou .3OO :inel 1200 
1):tkr;ltt I)K-(,., \vc.\-c just I>rouglit :t Simply Powerfid I>;~LI~I opcbr;ttion ~vi t l i  grew 
nc\v climension to ~>:tc,kct. l ' l i c ~  'T'lic vers;rtiIc I';~kr;rtt controller 1 II:~VlIl: pcrk)rm;~tic.c~. 
I';tkr:ttt I'K.64 is ;I co~nplcte, I'trII!. sIio\~s IIIC~SS;IRC'S :111el (.orin~et We, c;tri't possil~l!~ list ;ill of 
:~sscnil>lccl ;~nrl tc~stctl p;lckct raclio Silllll~l;lneO,IS~!. !.Ollr tlic impurt;~~ir Icaturc.~ ofl);rkr;rtt 

~.ontrollc*r \vliicIi. togethcar \\.it11 a (;omliic)clc)l.c. \vitIl ;I tlnicluc. sl>lir- Iicre. I3c r t  rllc :thsolutc-ly I>cbst p:trt 
(:onimoclore 6-1 or I28 c.oml>utc~-, sereell rlisl,l:l,., ,inti it lets ,r,ll ofthc I';rkl.;ttt I'K-6-1 i s  t l i :~ t  it's :it 
c.;rri convert your sli;tek into ;I 
p;~ckc-t opc.r;rtions c.cnter. 
.4ncl wc'\.e incluclc.cl ;I nca\v \.crsion 
of our :tcl\;rnc.ccl MI3A-'I'OKTM soft- 
\\;rre to m:tkc i t  the. first p;rckc.t 
controller with Ahl'l'Ol<, I3;luclot. 
ASCII :tnd Morse. l 3 i r t  ;In c\.en 
rnorcb cSsciting p;trt oft l ie 1';lkratt 
c.ontrollcr i s  i t s  grc;lr priceb. 

!r)ur clc:rler no\\: S o  stop rc;ttling. 
rt111 cIo\vr1 to \,ocrr I0c;rl cIc;rlcr, 
;rncl c1ic.c.k 1':lkr;rrt out. Ikcause 
the re;rl t.h;rllenge* ~v i l l  l>c to lincl 
one, at1c.r tlic otlicr 1i;tnis scc. it. 

I';~kratt I'K-0-1. I);rckct I'c )\~~c.r 
k o ~ i i  AEA. At ;rm;rtcur clclio 
cIc*;tIers c~\~c~n~\\~licrc. 

PK-64 shown with HF modem option. 

Incredibly Simple 
Computer not included. 

TO Set Up test cditor soft\xrrc. aIiiIc mon-  

m 
sc.ncl Ic~ttc*r-l>c~rlect tcst Irc mi t l i c ~  ~m,,,.~d E~~~~~~~~~ ~,,,,li,..~l~,,~, in& 

J~rst ~-Artg the I';~kr-;rtt controller 
P.O. BOX C-2160 

iroring inc,oming rncssagcs. 'I'lic Lynnwood, WA 98036-0918 
into the <:-64's g;~riie cartriclgcb ?OK h!.tc ()SO I?ufli.r stores moreb (206) 775-7373 
slor, :tclcl ;I niic c.onncsctor li)r t l i : t ~ i  20 \,itleo sc'rcc~ns of test! Telex: 6972496 AEA INTL UW 
c.onncc-ting to your ~>:~rtic.i~l:rr Ilisk c.omm:rncls Ic't !'(ILI s;ntc 



L I I , , . I .  \ 

We m u s t  m a k e  r m m  f o r  y o u r  INVENTORY REDUCTION trade-I,, ,W t o r  I,., ,,,.. NEW! ICOM R7000 RCVR 
PRICED TO GO! on::;:" owred b e n c h - t e s t e d  

Covers c o n l l n u o ~ ~  1 5  mhz to 2 ghll 
99 memor~es-scans-etc etc 
Loaded wllh lealures Available Nwember 1985 

I VISAIMASTER CARD 
FREE SHIPPING 

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

O N  M O S T  RIGS F O R  CASH! I' USED EQUIPMENT LISTING SATURDAY 9 AM - 5 PM I 

In depth lnvrmory lndustrlal L RccslvrnQ Tubes 
! S t  r , .  ,,, . ,,,>:,.,, , .,,, ,,,#,, ., 8908 $15.00 
3-4002 $85.00 8122 110.00 
55002 85.00 MRF450 $12.95 
5720 61.50 MRF454 18.95 
811A 12.00 MRF455 14.95 
61468 8.75 MRF492 19.95 
M2057 15.00 ELF6 $8.26 
8950 12.50 6JS6C 7.46 
807 5.75 6KD6 8.26 
65501 7.75 6MJ6 8.38 
4CX250B 60.00 8417 8.38 
6058 2.75 7360 13.95 
68838 9.50 6CA7 5.55 

I Malor Mtnubrlurcrs fulory Boxed and Full llnc ol 
Sylvanla LC6 Replaccrncnl Ssm~conduclors 

@ H e  RCA @mvm 

Introducing.. . 
-. --- 
i p@&vAX 
I 
; ON CALL 

I t s  o n  d u l y  when 
- y o u ' r e  no!. 

OC-1 ONLY $59.95 ::::!$,*: *,,, 
ON CALLIS ~ C O ~ ~ ~ ~ ~ ! ( . I D L P C ~ ~ ~ ~ C ~ I I S Y S I C I T I I O Y O U O ~ ~ I  hnvc 

lo nlOnlIOr lh, Ireq<.enc'y 01 I! Can O r  ilserl ar a decodrr Inr 
CDnlrOlllng PqlllpmPr~l a, ,he .Pp+.ll"! Ill. ""d a, honle 

Compnrr lrlcsc toah,rrs 
.4 dlglt 16 lone 1qm>enliaI drCOr6OI uro9rammaDle 43 684 dl1 

!elm! ~ o O n 5  DTMF' Formal w l h  Auto reset 
I AMP SF'S1 relay oillpul. mornPnlnry or l a l c n d  for external 

UBqlng devlce. such a> Aulo horn IOP recorder =maker 
Alldl0 etr 

.Flaslllng LED call ln08calor IEnerglzer rhsn your code has 
be'." acr(Js*d) 

.Car" CnnnPcllOn 1" an" rad," 'Reg Tlada Mar* 

.I?-I6 voll flC olr?.lllon 01 A T T  

.s,,e 3 1 . 1 I S  x 5 8" 

.can OB lured tor clunsar cmergcncygfotjpr 10, helU~~l~al#ons 
TO 0,d.r Send 
Check 01 M O ~ C I  E Carl@, Rd 

flrdrl Tn PO Ba. 3&1 

Add Sales Tax 

N I A I I I ,  k 3 , I  ,+, 
Trrl\c>tctnc\ C1.w. ORA 1v..I GutOr I'l Yl 
Advnncer! C l d < ~  ORA T f \ l  [ I W ~ P  19 95 
t r l r n  Cia% IIRA T r 5 l  Gutdr 19 % 
5 wpm Nov~rp OSO Te5f P~eparallon Tape 9 %  
5.7 wpm Sperd Rullder 9 %  
7~10 wpm Speed Butlder 9 %  
10 wpm Plaleau Breaker OS0s 995 
1012 wpm Speed Builder 9 %  
I?  15 wpm Calls 8 Numbers Speed Bu~lder 995 
13 15 wpm Random Code Pracllce 9 95 
13 wpm Gene~al Class OSO Tesl Prep Tape 995 
13-15 wpm Speed Bu~lder 9 %  
15-17 wpm Speed Builder 995 
17 19 wpm Speed Bu~lder 995 
2U ?.I wpm RdndOm Code Pracl~ce 9 95 
XI wpm Erlra Class OSO Tesl Prep Tape 995 

Tesl Cu~des Updated lo New 85 Ouesllons and 
Answers 
slow C& Tapes use 13 wpm Character Speed 
We Sh~p Flrst Class Mall Same Day 
Add S3 W postage 8 handllng lor Tesl Gu~des. 
SOC P8H lor each lape 
lWon SATISFACTION OR MONEY BACK / 173 

80 January 1986 



O H M S  

--- -- 

line, we have a very good inductor - just what we 
don't need because it limits the high frequency 
response. 

split the winding 
Yes - you can use fractional turns and still have 

a transmission-line type device. The key is to add an 
extra winding that's mostly in parallel with the first so 
that two separate windings exist. The first winding has 
an extra half turn; the second winding skips that half 
turn and picks up the remaining half turn. Then the 
pair will function just like a single winding with a half- 
turn, but without a flux or current unbalance! Each 
of the two windings carries half as much current as 
the single winding did before it was split into two wind- 
ings, so they can be made of smaller wire. (See figs. 
3A and 3B.) 

The fractional turn transformer in fig. 3 has a turns 
ratio of 7:5, which gives an impedance ratio of 49:25. 
The secondary has two windings in parallel: T I  
through T5, in five sections; and T6 through T10, also 
in five sections. The primary has seven sections 

Patent appbd for. 
Harris Rochester Corpomhon. New York 

fig. 4. (A)  Pictorial and (B)  schematic representation of 
another 2:1 impedance change transformer construction 
in a "figure-eight" configuration. 

because it adds T I  1 and TI2 to the secondary's five 
sections. Thus if one counts the complete turns, it's 
a three-and-a-half-turn to two-and-a-half-turn trans- 
former! Note that the T5 end and T6 end are longer 
leads, but that their currents flow in opposite direc- 
tions, and the voltage between them is the secondary 
voltage; thus they can be envisioned as a transmis- 
sion line. The fields are balanced in one direction 
because the currents are equalland opposite, so the 
net ampere-turns is zero. It works well. 

ampere-turn and 26 analysis 
To see this balancing action more clearly, consider 

that for the amp-turns to be zero, the current total of 
T2, T4, T6, T8, and TI0 must equal T12's. Let's 
assume 25 volts across the secondary load resistor, 
so the output current is then 1 ampere. The power out 
is (25~251125.51 = 24.5 watts. From symmetry, the 
voltage across each of the "T" sections must be equal 
to each other, and since there are five in 
series across the secondary, each section has 5 volts. 
The total voltage input across the seven sections is 
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then 35 volts. If we assume a lossless transformer, 
there must be 24.5 watts input. The input impedance 
is, then, equal to (35)(35)/24.51 = 50 ohms. The input 
current in T I2  and T I  1 must therefore, from Ohms 
law, equal (35 volts)/(50 ohms) = 0.7 amperes. Like- 
wise, the current out of the transformer is (25 
volts)/(25.51 ohms) = 0.98 amperes. Since T5 and 
T6 are in parallel and symmetrical, the current flow- 
ing through each of them is equal and is: I = (I out-l 

or (0.98-0.7) = 0.14 amperes. 
Because we know all the currents, we can now cal- 

culate the amp-turn balance. Again, refer to the direc- 
tion of the arrows in fig. 38, noting that T2 plus T4, 
plus T6, plus T8 plus TlO's currents must equal T12's. 
Five times the 0.14 ampere = 0.7 ampere, which was 
T12's current, verifying that the net external flux is 
zero. 

The impedance of the T5-T6 lead transmission line 
should be 25 volts divided by 0.14 ampere or 178.6 
ohms. Spacing the leads in the air can achieve this. 

heat problems 
Note that the tubing, which is the largest conduc- 

tor, is used for the section of the transformer that car- 
ries the most current. This is good news. The bad 
news is that if high power operation is required, one 
finds that the hot spot is the ferrite cores, not the wind- 
ings, which heat because of dielectric loss in the cores. 
The electric field is high on the cores because the tub- 
ing is at the highest RF voltage and the transformer 
is mounted near a chassis ground. Thus another novel 
technique, resulting in longer life at high power, 
evolved. 

A tubular transformer, shaped as a figure-eight, was 
developed. This transformer allowed placing the leads 
closer together, eliminating the external line section, 
and permitting the tubing to work both as a better 
electrostatic shield and as the half-turn winding, 
thereby allowing the tubing to be placed near the chas- 
sis ground potential. The highest potential between 
the tubing and the cores is only a half-turn's worth, 
because it is now also used as the split turn. Note that 
in fig. 4, two labels are provided on each wire. These 
two quarter-turns are hereafter referred to as one half- 
turn. The turns of the secondary are W9 in parallel with 
WlO, which serve as the half-turn, plus W7 and W8, 
W5 and W6. This makes a two-and-a-half-turn secon- 
dary. The primary totals three-and-a-half-turns 
because it adds to the secondary W3 plus W4 in 
parallel with W1 plus W2. The top primary turns are 
split into two paralleled sections because it carries the 
most current, and because physically W1-W2 and 
W5-W6 can be close-spaced to make one transmis- 
sion line, and W3-W4 and W7-W8 are close-spaced 
to make a second transmission line. 

ham radio 
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NBS trigon 
is improved 

by increasing 

element lengths 

optimizing 
a Yagi trigon reflector 

- 
0 D R I V E N  

E L E M E N T  

fig. 1. The NBS trigonal reflector uses 0.25 inch (0.635 
cml diameter elements A 1  = R2 = 0.455 wavelength. 
R3 = 0.473 wavelength on a non-conducting boom. 

One of the most valuable sources of Yagi antenna 
designs is NBS Technical Note 688.' In addition to the 
seven measured and patterned Yagis fully discussed, 
it also includes suggestions for further enhancing Yagi 
designs. 

One of the suggestions presented is the use of a 
three-element (trigon) reflector to increase the gain of 
the 4.2 wavelength Yagi. The trigon provided a stated 
0.75 dB gain increase for this Yagi, representing the 
maximum increase obtainable by using more than one 
reflector. The 4.2 wavelength Yagi was the only Yagi 
with which this type of experiment was per f~rmed.~ 

I 
Because the possibility of obtaining more gain from 

, the six shorter Yagis was intriguing, it was pursued 

1 with the same Yagi computer model I described in sev- 
eral previous ham radio  article^.^ But analyzing the use 
of parasitic elements not in the same plane with other 
Yagi elements would have required extensive modifica- 
tion to the model's code; to avoid that chore, I chose 
to use other software capable of modeling elements 
in multiple planes. 

At the 1983 and 1984 Dayton Hamventions, Dr. 
James Breakall, WABFETIG, described his use of the 
Numerical Electromagnetics Code (NEC) as the basis 
for his presentations on Yagis, dipoles, and vertical 
antennas. A complex FORTRAN software system, 
NEC requires a mainframe for execution. A shorter ver- 
sion, MININEC, is written in BASIC and is designed 
specifically for execution on microcomputers." For 
those familiar with MININEC, the entire NBS series 
of Yagis was modeled using both eight and 18 seg- 
ments per element. However, to speed the modeling 
process, trigon Yagis were stated in terms of eight 
segments per element. 

'An Apple-readable version of the MlNlNEC code can be obtained by send- BY Sfanley Jaff in, WBSBGU, 800 Stonington 
ing a blank floppy disk to: Dr. Edmund K. Miller. L-153, Lawrence Livermore 
National Laboratories. P.O. Box 5504, Livermore. California 94550. 

Road, Silver Spring, Maryland 20902 
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fig. 2. E-plane plot of NBS 0.2 wavelength, 2-element Yagi 
measured at 400 MHz. Notice i n  this and in  figs. 3through 
75 the pattern amplitudes are normalized. Maximum 
response occurs at boresight (0 degrees) and is labeled 
0 dB. 

Table 1 contains a summarized comparison of the 
published NBS findings, the WB3BGU model, 
MININEC, and pattern integration based on the radia- 
tion patterns in reference 1 .4  The differences in gain 
figures are due to the different pattern integration code 
executed in each of the two models. Even slight varia- 
tions in the overall pattern can affect how a single lobe 
(the main lobe) is defined in terms of the overall pat- 
tern. An examination of the seven E-plane and seven 
H-plane patterns resulting from each method of anal- 
ysis (not shown) indicates a high degree of qualitative 
agreement. In many instances the MlNlNEC patterns 
were more indicative of nuances in the NBS plots than 
the WB3BGU model. Reference 1 states that the 
original gain figures are accurate to within 0.5 dB, 
meaning that the NBS baseline is not exact. This is 
in part due to the fact that the NBS Yagis were meas- 
ured for gain on one range but patterned on a n ~ t h e r . ~  
The lack of pattern symmetry indicates that the range 
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fig. 3. H-plane plot of NBS 0.2 wavelength, 2-element 
Yagi measured at 400 MHz. This Yagi shows a calculated 
gain of 6.62 dBi and a FIB of 7.28 dB. 

fig. 4. E-plane plot of baseline (stock) trigon reflector and 
driven element Yagi measured at 400 MHz. 

table 1. Comparative gain and FIB figures for the NBS Yagi family. Note: NBS Technical Note 688did not specify exact 
FIB measurements. The NBS FIB figures are taken from the cartesian plots provided for each Yagi. 

pattern 
NBS Yagi antenna NBS WB3BGU MININEC-8 MININEC-18 integration 

boom in number of gain FIB gain FIB gain FIB gain FIB gain 
wavelengths elements (dBi) (dB) (dBi) (dB) (dBi) (dB) (dBi) (dB) (dBil 

0.2 2 6.71 6 6.70 6.71 6.62 7.28 6.58 7.90 6.71 
0.4 3 9.15 8 9.15 12.07 9.27 11.82 9.47 11.97 9.62 
0.8 5 11.35 15 10.71 22.71 10.69 24.53 10.93 20.76 11.41 
1.2 6 12.35 19 11.75 19.05 11.67 19.11 11.97 27.88 12.64 
2.2 12 14.40 23 14.00 30.47 13.75 22.68 13.99 36.43 14.28 
3.2 17 15.55 24 15.22 24.06 14.99 22.55 15.20 27.82 15.47 
4.2 15 16.35 22 15.70 19.26 15.38 21.21 15.72 21.93 16.22 
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used for patterning may not have been totally free of 
reflecting surfaces. Nevertheless, MININEC's calcu- 
lated gain, FIB, and patterns can be considered to be 
very good replications of the NBS findings. 

the NBS trigon reflector 
Reference 1 provides a list of the multiple reflector 

arrangements NBS examined during the trigon evalua- 
tion. Maximum gain, the sole criterion in selecting the 
trigon configuration, is used as the main criterion in 
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fig. 5. H-plane plot of baseline trigon reflector and driven 
element Yagi measured at 400 MHz. Gain is calculated 
at 6.42 dBi. FIB equals 0.76 dB. 
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fig. 6. E-plane plot of 0.007 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. 
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evaluating the modeled trigons. As is the case for all 
other NBS parameters, an element diameter of 0.25 
inches, a design frequency of 400.0 MHz, and a non- 
conducting boom apply. The stock NBS trigon is 
shown in fig. 1. 

The 4.2 wavelength Yagi was modeled with the 
stock trigon. A significant reduction in both gain and 
F/B resulted. The first experiment involved varying the 
trigon element lengths (spacing was held constant) in 
order to achieve maximum gain. All three trigon ele- 
ments were iterated over a range of plus and minus 
0.015 wavelengths, in increments of 0.001 wave- 
lengths. Increased gain correlated with increased 
trigon element length, reaching a calculated maximum 
with simultaneous extensions of 0.009 wavelengths. 
These iterations were repeated for each of the re- 
maining six Yagis. Table 2 contains the results of 
replacing the 0.2 wavelength Yagi's single 0.482 wave- 
length reflector with the stock (0.000 increment) trigon 
and successively incremented trigons. For this Yagi 
only, the 0.007 increment produces the maximum cal- 
culated gain. Figures 2 and 3 contain the E- and H- 
plane plots for the original single reflector 0.2 
wavelength Yagi. Figures 4 and 5 contain these same 
plots using the stock trigon, and figs. 6 and 7 present 
these same plots for the gain maximizing 0.007 incre- 
ment trigon. For comparison, figs. 8 and 9 do like- 
wise for the 0.008 increment trigon, resulting in a 
minimal reduction in calculated gain but an increase 
of 0.77 dB in FIB ratio. 

Either of the two incremented 0.2 wavelength Yagi 
versions would be useful as a single HF (7 MHz in par- 
ticular) array or as a building block in a VHFIUHF col- 
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fig. 7. H-plane plot of 0.007 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. Calculated gain equals 7.45 dBi and FIB 
equals 6.43 dB. 
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PERFORMANCE SPECIFICATIONS 
ECTRONICALLY REGULATED INWT VOLTAGE 105 - 125 VAC 

RRENT LIMITING Protects Power Supply OUTPUT VOLTAGE 13.8 VDC * 0.05 wlts 
current 8 cofltlnwxls shwted output. (Internally Adjustable: 11-15 VDC) 
R VOLTAGE PROTECTION on all Models RIPPLE. Less than 5mv peak to peak (full load 

& low line) 
GULATION 8 LOW RIPKE at low line 

5'.>* 1 9 * 1 3 ' * : ,  3H 

[I>. . ,  Y 10 1 121'? 50 

!>'.a x. 1'1 x 12',: 38 

3 %  x 6% x 9 
RS-70 5 7 4 .  7 ' ,  . 10'4 10 
RS-IOA 7.5 10 4 x 7 % x 1 0 %  11 
RS-12A 9 12 4 % x 8 x 9  , 13 

MODEL RS-7A 

RS-M SERIES 

:ba 
MODEL RS35M 

VS-M SERIES 

MODEL VS-ZOM 

RS-S SERIES 

MODEL RS.1ZS 

RS-2OA 16 20 5 ~ 9 ~ 1 0 %  18 
RS.35A 25 35 5 x  11 x 11 27 
RS-5OA 37 50 6 x 13% x 11 46 

Swltchable volt and Amp meter 

Conllnuous ICS* Size (IN) Shlpplng 
MODEL Dutv (Amps) (Amps) H x W x D  Wt (Ibs) 

RS-12M 9 12 4 % x 8 x 9  13 

RS-2OM RS-35M RS-5OM 3 25 16 7 50 20 35 6 ~ 1 3 %  5 ~ 9 ~ 1 0 %  S x l l x l l  x 11 46 27 18 

Separate Volt and Amp Meters 
Outpul Voltage adjustable from 2-15 volts 
Current limit ;td]ustable lrom 1.5 amps to Full Load 

Conllnuous Duty ICS' 
(Amps) (Amps) Slzr (IN) Shlpplng 

MODEL a t s m m i m o c a t m  @13.8V H x W x D  Wt (Ibs) 
VS-2OM 16 9 4 20 5 x 9 x l O ' / r  20 
VS-35M 25 15 7 35 5 x 1 1 ~ 1 1  29 
VS-5IlM 37 22 10 50 6 x 13% x 11 46 

. Built ~n speaker 

Contlnous ICS' Slza (IN) Shlpplng 
MODEL Dub (Amps) Amps H x W x O  WI (Ibs) 
RS7S 5 7 4 x 7 %  x 10% 10 
RS.IOS 7.5 10 4 x 7 %  x 10'4 12 
US-l OL(For LTRt 7.5 10 4 9 - 1 3  13 
RS.I?S 9 12 4 K x 8 x 9  13 
RS.2OS 16 20 5 x 9 ~  10% 18 
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*Automatic RTTY scanning: Baudot 60-66-75.100-132 
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OPERATING! 

*Tape or load at 16Klmin rate! (Almost as fast as a disk.) 
Tape startslstops automatically. 

-Tape search! (Monitor displays only what you are 
searching for o n  tape.) 

*Self Test! (No test equipment required for TIU check 
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.Completely crystal controlled o n  transmit Complete KYBD control, no switches Screen display of operating modes and 
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19677 Allen Rd. Trenton, Michigan 48183 
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(31 3) 479-21 00 In the Continental U.S. $7.00 for Overseas) 
OeaIsr Inqulriss lnvltsd Mich. resldents add 4% sales tax 

i 

THE 1986 
ARRL HANDBOOK 
FOR THE RADIO AMATEUR 
Great g i f t  idea for a ham fr iend or fo r  yburself! 

The new 1986 ARRL HANDBOOK IS chocklull 01 projects, Ideas. 
hints and klnks, lheory and lhousands of other handy lhrngs lor 
your hamshack. New Items Include: sw~lchtng power supplies, data 
and lelemetry Iransmisston. a sectlon on conjugate matching by 
Wall Maxwell. dala lnlerlace and Packet Rad~o. and remole control 
a~rcralt to name lust a tew examples. New prolecls Include 30 
amp power supply. ATV monltorlng rnstrumenls. digtlal frequency 
synthesizer. 1500 wall outpul 160 meler ampl~l~er. slale-ol.lhe.ar1 
preamps lor all Amateur VHFlUHF frequencies and much, much 
more. A grand tolal of 244 new pages1 Thls 1s the reference book 
lo have Order your's today. 1985 Over 1100 pages 
I IAR-HE86 Softbound 517.95 
I JAR-6686 Hardbound 526.95 - 

VISA - Plpas? ellclose 53 50 lo  cover rtt~pptnq and hanflllnq 
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' IRP-WA Softbound $7.95 
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by 01ll Orr. W6SAl - New 3rd Edition 
Includes NEW data for WARC bands 
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RP-CO Softbound $6.95 
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table 2. Gain and FIB calculations resulting from iterat- 
ing the trigon reflector on the 0.2 wavelength NBS Yagi. 

increment in gain FIB 
wavelengths (dBil (dB) 

0.000 6.42 0.76 
0.001 6.54 0.99 
0.002 6.69 1.33 
0.003 6.87 1.85 
0.004 7.07 2.64 
0.005 7.26 3.75 
0.006 7.40 5.10 
0.007 7.45 6.43 
0.008 7.44 7.34 
0.009 7.40 7.66 
0.010 7.34 7.58 
0.01 1 7.29 7.32 
0.012 7.25 7.03 
0.013 7.22 6.79 
0.014 7.20 6.59 
0.015 7.18 6.45 

linear array. At 7 MHz a relatively short 25-foot boom 
would yield a high gain Yagi with good sidelobe struc- 
ture. At VHFIUHF this same array serves as a relatively 
high performance building block for collinear arrays. 
In table 3 the seven NBS Yagis are compared in terms 
of their respective single reflector versions and three 
trigon variations: stock, gain maximized, and FIB max- 
imized. With the exception of the 0.2 wavelength Yagi, 
maximum gain occurs when each trigon element is 
extended 0.009 wavelengths from its stock length. 
With the exception of the 0.4 wavelength Yagi, cal- 
culated FIB maximas occur at even longer extensions. 
The 0.4 wavelength Yagi achieved both calculated 
maximas with the 0.009 extensions, and had the only 
single frequency F IB  maxima. 

table 3. Comparative performance calculations for the NBS Yagis with three specified sets of trigon reflectors. Note: 
Column 2 includes two additional elements in the trigon reflector. Column 1 shows the original Yagi length. 

gain 
NBS Yagi antenna maximum FIB maximum FIB maximum 

Basic Yagi stock trigon trigon trigon trigon 
boom in number of gain FIB gain FIB gain FIB gain FIB increment 

wavelengths elements (dBi) (dB) (dBi) (dB) (dBi) (dB) (dBi) (dB) (dBi) 
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fig. 8. E-plane plot of 0.008 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. 
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fig. 9. H-plane plot of 0.008 wavelength extended length 
trigon reflector and driven element Yagi measured at 
400 MHz. Calculated gain equals 7.44 dBi and FIB 
equals 7.34 dB. 
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fig. 10. E-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a single reflector. 
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fig. 11. H-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a single reflector. Calculated gain equals 15.38 
dBi and FIB equals 21.21 dB. 

Figures 10 and 11 illustrate E- and H-plane plots for 
the single reflector 4.2 wavelength Yagi. In figs. 12 
and 13 a stock trigon reflector is used. In figs. 14 and 
15 the 0.009-wavelength extended reflector length gain 
optimized version is plotted. For the first 80 degrees 
in the E-plane plot, the stock trigon actually improves 
the suppression of the minor lobes. This is also true 
for the first 55 degrees of the H-plane plot, but at the 
expense of gain, FIB, and other minor lobe levels in 
both planes. The gain maximizing 0.009 wavelength 
extensions provide the clean pattern normally 
associated with this Yagi, and additional 0.34 dB in 
gain, and further (1-2 dB) reduction of the first few 
minor lobes in both the E- and H-plane plots. While 
calculated FIB is reduced, the resulting first minor lobe 
permits an increased stacking distance and hence 
more incremental gain from a stack. As reference 1 
did not report any patterns from the trigon experiment, 
it is not known whether NBS noted these other im- 
provements along with increased forward gain. 

validating the 
calculated trigon findings 

Several questions about the validity of these 
calculated findings versus the published NBS findings 
arise. There is a measurable difference between the 
4.2 wavelength trigon Yagi's calculated performance 
and what is given in reference 1. As NBS did not pro- 
vide plots for this Yagi, even qualitative comparisons 
cannot be directly made. There is still the issue of the 
trigon's dimensions. Use of the stock element lengths 

37.. 
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fig. 12. E-plane plot of 4.2 wavelength, 15-element Yagi 
that uses a stock trigon reflector. 

results in degrading the 4.2 wavelength Yagi's per- 
formance as well as that of the six others. 

Before these iterations were begun, Joe Reisert, 
W1 JR, had performed extensive analyses based on the 
use of a trigon reflector of the 2.2 and 3.2 wavelength 
NBS Yagis on an antenna range.= He found that for 
these two Yagis the stock trigon reflector reduced the 
measured gain by just over 1.6 dB, and that a nominal 
gain increase of nearly 0.2 dB over the single reflec- 
tor Yagi could be obtained by lengthening all three 
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*S IMPLEX AUTOPATCH AND H.F. REMOTE B A S E  V l T H  CLEAR VOICE MESSAGES 
*CONTROL YOUR Y AESU F T  757 TRANSCEIVER W I T H  YOUR VHF/UHF PORTABLE. 
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reflector elements by approximately 0.008 wave- 
lengths. Trigon element spacing remained constant. 
These empirical findings are in very good agreement 
with the MlNlNEC calculations in table 1. Giinter 
Hoch, DLGWU, has reported similar gain findings for 
a broad range of multiple element reflector arrange- 
ments.' While there is no reason to doubt that Peter 
Viezbicke, WBNXB, the author and principal investi- 
gator for the experiments reported in reference 1, 
actually measured what was reported, it is unfortunate 

,,., 
r . .  ..................................... ............................................... , , *  ,D , I  ., ,* l o  ,I ., 9 "  l o "  , l o  1," ,>, , a n  1," 1 1 "  1 1 1  110 ,.:.lr, 

fig. 13. H-plane plot of a 4.2 wavelength, 15-element Yagi 
that uses a stock trigon reflector. The calculated gain 
is 13.86 dBi and the FIB equals 9.27 dB. 

fig. 14. E-plane plot of a 4.2 wavelength, 15element Yagi 
that uses gain optimized trigon reflector lengths. 

that neither subsequent empirical experiments nor 
mathematical modeling can exactly reproduce these 
well known findings. 

conclusions 
The trigon reflector can provide increases in 

(calculated) gain for all seven NBS Yagis. For the 0.2 
wavelength Yagi this increase is at its maximum value. 
For the 0.4 through 3.2 wavelength Yagis, this increase 
is mostly nominal. For the 4.2 wavelength Yagi used 
to develop the trigonal reflector, the increase is more 
pronounced, but less than initially reported. For all 
NBS Yagis it is necessary to use reflector element 
lengths (with spacing held constant) longer than the 
stock lengths reported in reference 1. The stock 
lengths severely reduce the performance level of any 
NBS Yagi on which they are used. 

Reference 1 presents a series of design curves in 
its table 21 for converting director and reflector 
elements to other diameter-to-wavelength ratios. 
Mathematical analysis indicated that reflector curves 
for trigon elements that were drawn parallel to  the 
curves for single reflectors would result in accurate 
conversions. As is the case with the other curves, 
these trigon curves had to be drawn through the point 
of intersection between 0.0085 wavelengths in diam- 
eter (X  axis) and the trigon element's optimal length 
on the Y axis. This was confirmed by reference 6. A 
more recent and easier to read version of these curves 
had been found, and with the trigon curves is pre- 
sented as fig. 16.8 These curves can now be used ex- 
actly in the same fashion as the other design curves. 

fig. 15. H-plane plot of a 4.2 wavelength, 15element Yagi 
that uses gain optimized trigon reflector lengths. The 
calculated gain is 15.67 dBi and the FIB equals 18.53 dB. 
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The procedure for compensating for the diameter of 
a conducting boom is the same as for other NBS Yagi 

Tubes 
3-4002 .................. .$85.00 7360 ..................... .$13.75 
3-5002.. .................. .85.00 6550A.. ..................... -7.50 
4-40OA.. .................. .80 -00 8072 ..................... ,125 .OO 
4CX2506 ............... ..59.00 81 56 ........................ 12.50 
5726.. ..................... .57.00 8643 ....................... .82.50 
811A ........................ 12.00 8844 ........................ 26.50 
81 3.. ....................... .30.00 8873 ..................... ,195.00 
61 466 ....................... .8.50 8874 ..................... 225.00 
6360.. ........................ 4.25 8877 ..................... ,595.00 
68836.. ..................... .8.00 8908 ....................... .14.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF245/SD1416..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 75C 
MRF455 ................. 10.95 2N6084 .................... 12.50 

RF Connectors 
PL259 ................ .101$4.95 M358.. ................ ,250 ea. 
PL258 .................. .1018.95 M359.. ................ .1.75 ea. 
UG 1751176 .......... 1011.60 Type "N" Twist on 
UG2551u ............. .2.50 ea. (RG81u). ............ .$4.75 ea. 
UG273/u .............. 2.25 ea. Minimum Order $25.00 - Allow $3.00 min. for UPS charges fl ~9 

elements. 
A great deal of experimentation can still be per- 

formed on the NBS Yagi antenna. Whether performed 
on an antenna range or by computer iteration, the 
results should be presented so that all Radio Amateurs 
can benefit from these experiments. 
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1. Peter Viezbicke, "Yagi Antenna Design." NBS Technical Note 688. Depan- 
ment of Commerce, Washington, D.C., 1976. 
2. Peter Viezbicke, WQNXB, personal communication. 
3. Stanley Jaffin, WB3BGU, "Applied Yagi Antenna Design, Part 6: The 
Model and a Special Teaching Tool," ham radio, October, 1984, page 89. 
4. James Lawson, W2PV. "Yagi Antenna Design: Experiments Confirm Com- 
puter Analysis." ham radio, February, 1980, page 24. 
5. Dr. Karl G. Kessler, Director of the NBS Center for Basic Standards, per- 
sonal communication. 
6. Joseph Reisert, WlJR, personal communication. 
7. Gunter Hoch, DLGWU, "Extremely Long Yagi Antennas," VHF Communi- 
cations, March, 1982, pages 135-136. 
8. Joseph Reisert, WIJR, "How to Design Yagi Antennas," ham radio, 
August, 1977, page 25. 
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26th Annual 

ROPICAL HAMBOREE 
FEBRUARY 8-9,1986 

EDWARDS BUILDING, ARNOLD BUILDING AND COLISEUM 
V 

DADE COUNTY YOUTH FAIR GROUNDS 
TAMlAMl  PARK, MIAMI, FLORIDA 

- - - 

FREE PARKING 15,000 VEHICLES 
1000 INDOOR SWAP TABLES WIPOWER 
AMATEUR RADIO & ARRL PROGRAMS 
LICENSE EXAMS 
QCWA HOSPITALITY CORNER 
CONSUMER ELECTRONIC DISPLAYS 
SATELLITE DISH GARDEN 
HAMBOREE DEALER SPECIALS 

-- 

a 300 RV SPACES WITH FULL HOOKUPS 
200 COMMERCIAL EXHIBIT BOOTHS 
DX FORUM & DINNER 

a PACKET RADIO DEMONSTRATION 
RCA FL. SECTION LUNCHEON 
COMPUTERS AND SOFTWARE 
2 DAYS OF PROGRAMS FOR NON-HAMS 
TRAFFIC HANDLERS BREAKFAST 

Registration: $5.00 Advance. . .  $6.00 Door (Valid Both Days) 
Swap Tables, 2 Days: $16.00 Each, lncludes Power, Plus Registration Ticket 

RV Parking: $10.00 Per Day, Includes Water, Power, & Sanitary Hook-ups 
Hotel Reservation Cards for Special Rates Available - Dec. 1st 

(Advance Price Deadline on Registration Tickets, January 20th) 

1 MAKE CHECKS PAYABLE TO: DADE RADIO CLUB, INC., P.O. BOX 350045, MIAMI, FL 33135 1 
1 4 PAGE BROCHURE AVAILABLE - DEC. 1st. 1 

Exhibit Booth Information: Evelyn D. Gauzens, W4WYR, Chairman Telephone: 
2780 N.W. 3 Street, Miami, FL 33125 305-642-41 39 

- - ~- - p- ~ - 
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ITS NOT JUST ANOTHER 
AUTOPATCH Mia- 1 

mlsa O I I l  P ~ I Y I T I  AUTOPITCH Uml <T*I*II 1- 

NLb i..rr,inl: ..prr.nc. 1.l' 
th. code RnYTHn bu,ld 'unfarptL.bl.- 
.haws In lour .and'. .I.. 

So~n.5 ADD t o  thr  .nap m u  a 1 r r . d ~  SEL: 
.c n.".r Ch."V your  .,"d .bout lh..' 

5h.p. ARE I h r  ch.ract.r.: writ. Lh..' 

OIEOINNERS: no *study' b.c.uu: 
Only EIGHT . h a p s  81v. ~ o u  HALF of 

EVERYTHING .nd n..rly ALL Lh. L E m R S .  
Know EVERYTHING: onl). : .a- .ndlnls ..ch' 

l PRICE: Comp1.l. u t  ( R n n u l .  Mall ch-rr. 
Pocket card. hg1nn.r'. chmrcl: 111.5C. 

nnv.i .ion. d ~ . ~ ~ ~ ~ u :  n.50 

e 3 e  nlnds PU~IIC.LIO~.. h o t .  HID 
P.G.noi IJIC, n~l..~, V A  22101 
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"HAM HOTLIME" 
THE PROVEN MONEYMAKER 

The "Hmm Hotline" IS a complete 
mailing llst of novlce amateur radio 
operators and current hams who have 

I 
renewed, upgraded or modifled their FCC 

I I~censes. These ham enthusiasts have 
proven to be excellent prospects for radio 
equipment, accessories and publicat~ons. 

The Hotline is UPDATED EVERY 
TWO WEEKS with an average of 8.000 
names and addresses each month. And. 
because we know the Hotl~ne IS the most 
up-to-date amateur rad~o  l ~ s t ~ n g  available. 
we'll guarantee 98% deliverability. 

Target your sales efforts to your most 
likely buyers. Call DCC Data Service to- 
day and begin your subscr~pt~on to the 

. . .  "Ham Hotllne" the proven 
rnoneymaker 

I)('(' Data Sc.rvicr 
1990 M Strevt.  N.W. Sui te610 

communlcatlon ayslsm lor r o l n ,  mow, vldm or data tnnvmlavlon, no1 to nnnllon mountalnlop DXlngl 
MA87141.1 Ipalr 0110 mW lnnscmfven) $251.85. Hlghar p o w r  unlls (up l o  2W mW) svallabla. El. Mlcm 
wavs Asaoclalea 24 OH1 Qunnplexar. Slmllsr chsracterlallca to 10 (i l l2 unll. MA878M.4 (pair 0120 mW 
Iranvcalven) 1738.M. C. Thls support modula Is dealgned lor use wllh lha MA87141 and MA07820 and 
pmvldaa all o l  the clrsullry lor s lull duplex audlo lranacaive ay8lem. Tha board conlslns a low.nolse. 
30.MHz tm nsalvar, modulalon lor voke and mew opsrallon. Ounn dloda regulalor and vanctor supply. 
Molar outpula a n  pmvldad lor monllorlng m e l n d  slgnal levels, dlscrlminslor oulpul and varaclor lunlnq 
voltagn. RXMRMVD assembled and tested $118.85. D. Complete, ready to use communlcallon ayalem 
lor rolca or mow opantlon. Ideal lor rspeeler Ilnklng. A poww .upply cspsbla o l  dallvarlng 13 volts dc 
at 250 mAltor s 10 mW venlonl. mlcmohone, and headphone andlor loudapsaker are lh* only addlllonal 
Ilan w r  can be removed lor mmola mounllng l o  a lower or 2 01 4 
tool 0 mW) $388.85. Hlgher p o w r  unlta arsllabla. TR24OA(24 QHz. 

20 mW) $639.85. Also svsll*ble: horn. 2 and 4 tool PSI. 
bollc antennas. Qunn, varaclor and daleclor dlodes. 

Auvnncvsu  ~ a m h  and lock sy.tems,osclllator modules. wmraguld., 
8. atc. Call or wrlle lor addl1lon.l Inlormallon. Let 

Receiver  I and 24 OHZ wu~pmen~! 
flangaa 
ARR 1.1 

Rsseorch 
Box 1242 Burlington CT 06013 l 203 582-9409 EiBm 

a name - but need the Call Sign? 
Traveling - and want to meet local Hams? 1 

1985- 1986 Amateur Radio 

NAME INDExkg- 
By Narne and Call. 583 pages 7 
1985- 1986 Amateur Radio 

GEOGRAPHICAL INDEX 
By Stale. C~ty .  Street No. and Call. 653 pages 

No frills directories of over 462,000 U.S. 
Radio Amateurs. 81/2xll, easy to read format. 

NAME INDEX-$25.00 
GEOGRAPHICAL INDEX-$25.00 - 

VISA Add $3 50 sh~pplng lo all orders - 
1 Washington. r1.C. 20096 I 



Ii,?nt /.lirl~/ Tr.rrrsr~ivr-rr 
Deluxe models Regular SALE 

....... IC-OZAT tor 2m 349 00 28gq' 
h.rilt.r(.r \ 111 f'orr.111lt. IC-O4AT lor 440 MHz 379 00 31q9' 
IC-505 3/10'EI 6ni SSR/CW portable 449 00 Standard models Regular SALE 

.......... IC-2A lor 2m 239 50 18qP' 
....... IC.2AT wlth TIP 269 50 19qs' 

IC-3AT 220 MHz . TTP 299.95 23qsS 
IC-4AT 440 MHz . TTP 299 95 23qs5 

EX-243 t l ~ r t r o ~ i ~ c  keyrr unit ....... 50 00 

BC.35 [Drop In desk ctlaraer lor all hatterr~5 69 00 
FL-45 500 HI CW l~l ler  (1st IF) ..... 59 50 

..... FL-54 270 H7 CW t~lter (1st I f )  41 50 

FL-63 2511 HI CW l ~ l t r r  ll\l IF) ..... 48  50 HSlO Boom m~crophon~~headsr l  .............. 1950 

HM.12 Exlra liand m~croplione ..... 39 50 
SM-6 Desk rnlcrophonr ............. 39 00 VHF/ lJHF  1.2 GH? FM 
RC-I0 External lrequencv cnnlroll~r 35 00 
MU-18 Moh~l r  mounl .............. 19 50 

........... UC-10A Mernorv back.up 
....... SM-5 8 - p ~ n  electr~t  desk m ~ c  39 00 

MB.12 M o h ~ l ~  mount ............... 19.50 

SP-3 t rt~'rnnl haw \ln1111n -IIP~~PI .... 49 50 
... SP.5 Hrmolr \praker lor r n o b I ~ \  .... 15 00 UT-ISS CTCSS ~ncoder/decoder 7995 
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Easy-to-build coax-stub filters 
help reduce both harmonics 
and intra-station interference 

trapping stubborn harmonics 
When you're trying to eliminate interference caused 
by harmonics, you have to stop the offending signals 
at the transmitter before they're radiated. In such 
multi-transmitter situations as Field Day and contests, 
harmonic interference can mean the difference 
between an interference-free operation and endless 
arguments over doing who's doing what to whom. By 
placing a coax stub filter at your transmitter's output, 
you can reduce harmonics at the source. What's more, 
coax-stub filters can also help reduce harmonic- 
induced TVI. 

a simple solution I 

C O A X  " T E E "  

CONNECTOR 

R X  
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What makes coax-stub filters an easy solution to the 
problem is their simplicity; all you need is some coax 
and a few connectors. And stub filters don't have any 
coils to wind or capacitors to tweak. They don't require 
a sweep generator or network analyzer to tune. Just 
trim the stubs to length with the aid of a noise bridge. 

Table 1 lists the HF Amateur bands and the filter 
combinations you can use to eliminate harmonics and, 
in the case of 20 meters and 15 meters, intra-band 
interference and front-end overload in your receiver. 
Each filter consists of one or two stubs. 

how they work 
A half-wave, single-stub filter acts as a subharmonic 

filter by introducing a short circuit into the transmis- 
sion line at the frequency it's an open-circuited quarter- 
wave for. At the frequency for which the stub is a half 
wave, it looks like an open circuit and passes the 
desired signal. 

c T R I M  H E R E  
S T U B  

fig. 1. Trim a stub for 50-ohms resistance by moving a 
shorting pin down the coax until you get a null with the 
noise bridge set to 50 ohms and the receiver tuned to 
the band for which the stub is a quarter-wave. Use RG8 
or equivalent in high-power applications. 

N O I S E  

BRIDGE . 

transmission line at the frequency it's a half-wave- 
length for. At the frequency for which the stub is a 
quarter wave, it looks like an open circuit and passes 
the desired signal. Because a shorted quarter-wave 
stub traps even harmonics, the 160-meter and 80- 
meter bands need just one filter each to trap all har- 
monics that fall in the Amateur bands below 30 MHz. 

Some of the stubs introduce reactance on the line. 
In these cases, a second compensating stub tunes out 
the reactance by introducing an equal and opposite 
reactance. (The net effect is analogous to a parallel- 
resonant LC circuit; at resonance, the inductive and 

5 0  OHM 

T E R M I N A T I O N  

A quarter-wave, single-stub filter acts as an even- By Robert M. Clarke, NIRC, 150 Stimson 
harmonic filter by introducing a short circuit into the Street, West Roxbury, Massachusetts 02132 



table 1. HF Amateur bands and filter combinations 
used to eliminate harmonics. 

stub filter' needed to prevent interference to 

band 160 80 40 20 15 10 
1 60 x X S  XS S x S XS 

4 4 a- 4 4 
80 x x x S  x S !L S X S  

4 4 4 4 
40 x x x s LO@ L S  

;i- 12 4 
Loo 
6 

20 X X X x 1-00 X s  
6 4 
Lso 
12 

15 x x x !LO@ x x 
8 
3x00 
8 

10 X X X X X X 

S = short-circuited stub 0 = open-circuited stub 
Notes: 
1. Electrical wavelength (feet) = 984 ! = = (meters) 

where V = velocity factor f 

f = frequency in MHz 
2. This stub is a quarter-wavelength on 15 meters. 
3. This stub is a quarter-wavelength on 20 meters. 
4. Compensating stub. 
5. TVI prevention. 

capacitive reactances cancel.) In general, what you do 
to tune a filter is adjust the half- or quarter-wave stub 
by itself and then add and trim the compensating stub. 

trimming to length 
Figure 1 shows the test setup used to trim the stub 

filters. To make a filter, cut the stubs to the lengths 
listed in table 1 and add 10 percent to allow for varia- 
tion in the velocity factor of the coax. Put a connec- 
tor on one end and open or short-circuit the free end 
as required by table 1. 

In adjusting the stubs, you have two cases to deal 
with: open-circuited half-wave stubs and short-cir- 
cuited quarter-wave stubs. Trim the open-circuited 
stub, at the center frequency of the band for which 
it is a half-wavelength, until the noise bridge reads 
50-ohms resistance with zero reactance. 

For case of the shorted stub, trim it in the same way 
on the center frequency of the band on which it is a 
quarter wave. This trimming may simply involve mov- 
ing a shorting pin down the cable until you reach the 
50-ohm point. Remember that what you're really doing 
in this exercise is establishing an integral number of 
quarter-wavelengths of coax - by short- or open-cir- 
cuiting a stub, you can treat it as a half- or quarter- 
wave on a convenient frequency - to arrive at the 
right length. 

When you add a compensating stub (see fig. 21, 
trim its length to bring the noise bridge reading to 
50-ohms resistance. This trimming adjusts the com- 
pensating stub's reactance to cancel out the filter 
stub's reactance. 

SO OHM 
T E R M I N A T I O N  

COAX CONNECTORS TEE 4 
1 

velocity factor varies 

RX 

1 

Electromagnetic energy travels more slowly in a 
dielectric than it does in free space. The velocity fac- 
tor is a constant that scales wavelength to reflect the 
media in which the energy is traveling. Because air is 
essentially free space, open-wire line with its air-dielec- 
tric has a velocity factor of 0.97. 

Foam-dielectric coax is mostly air, so its velocity fac- 
tor is about 0.8. In contrast, solid-dielectric coax, con- 
taining practically no air, has a velocity factor of 0.66. 
One word of caution: although foam-dielectric coax 
has less loss than solid-dielectric coax, its velocity fac- 
tor varies with the amount of air in the foam. Conse- 
quently, the velocity factor can vary from roll to roll 
or from section to section of coax within the same roll. 
Don't assume the velocity factor for any two pieces 
of foam coax is the same. Always allow extra length 
in a stub before trimming it to size. 

bibliography 
Jordan, Edward C. and Balmain, Keith G., Electromagnetic Waves and Radi- 
ating Systems, 2nd Edition, Prentice-Hall Inc., Englewood Cliffs, New Jersey, 
1968, Chapter 7. 
The Radio Amateur's Handbook, 49th Edition, American Radio Relay League, 
Newington, Connecticut. 1972, Table 20-1, page 569. 
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- T R I M  H E R E  

COMPENSATING 
S T U B  

S T U B  
F I L T E R  

fig. 2. If you need a compensating stub, tune the receiver 
to the operating band (for example, 40 meters, after the 
stub has been tuned as a 15-meter quarter-wave). add 
the compensating stub, and then trim the compensat- 
ing stub as before. Some compensating stubs are open- 
circuited, some are short-circuited, so be careful which 
one is used. 

- 
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the kp+A 
HAM STATION 

P.O. Box 4405 
220 N. Fulton Ave. 

Evansvllle, IN 47710 

I 
tNLUMM 
ST 144 1M HT 
HT 1200 ZM HT 
SF440 440 MHZ H T 
ST-7T 440 MHz HT 
HL.3m 2/30 Amp 
ST8BC Base Chgr 

I CR2WKB2100 
CRI-2W Interface 

I SB-2W Amp 
HR-1680 RCVR 
HM-102 WATT MTR 

Stores Hours VL 1180 IOlBOW 2M Amp 
IMd190 VHF-UHF MTR 

MON-FRI 9AM-6PM ICOM 

SAT 9AM.3PM 7451PS 
720AICW 

260A 2M All Mode 
255A 2M 

PCS 3W 2M HT 
PCS.30W wlRemMe Cable 

I 
PCS-4WO 19995 TSl2OS 
DENTRON TS520 CW 
GLT lOWC Tuwr $13995 TS520SE 
80.10 A1 Tuner 2995 TS520 
DRAKE TR2600 2M H T  
UV3 12M L 4401 l 7  MIC PS4 542900 TR24W 2M H T  

KtNWOOO MI>' 
$18500 fiM 7 6  h' ruProce5sor 4500 VIL 20 L0mpulf.r 

13950 BS I Pan Kil 4900 KDC 2016iT7 MIC 
179951 DC Module (520 or 820) 5500 Shure 444 MIC 
10995 PC I Phone Patch 4900 We12 SP 600 MTR 
5995 ST I Basechgr 2403 
19W SPKRlMlC 2400 

SPKRIMIC.2500 

$177500 TEN-TEC 
52500 Tllan Amp 
19995 OMNI C 

OMNI AIB 
$32995 Century 22 

7995 Cenlury 21 
4 0 ~  214 Electret MIC 
8995 2591 2M H T 
8995 VAESU 

Fmso 
$71500 FmOlDM CW. Fan 
59995 FmOlDM. Fan CW. SSB F8lles 
63995 FV 901DM Remote VFO 
54995 FTlOlZD CW Fan 
50995 FTlOlZD MKlt Fan 
45995 FTlOlZD MKlll 
26995 FTIOlZ CW Fan 
18500 N l O l Z  Remote VFO 
18995 FTlOlE 
9995 FTlOlB 
9995 FT107M1DMSIFP107E PS 

15950 FLlOllFRlOlS 
YC-601 Ong Readoul 

s17gg5 Fl221 2 MTR All Mode 

4995 207R 2M HT 

10995 FBA 2 Sleeve 

29 29 FL 110 Amp 
YD 148 Desk MIC 

145995 FP357 HD 
38995 MlSC 
41995 C ~ b l c  &lm I50 
42995 Colllns 75s-31CW Nermw 
38995 Colllns 3253 XMTR1516F.2 
22995 Mlcmlog Alr 1 wIAmtor 64 
16995 55 FT Crank up (3 SO F l )  

39 00 
DEMONSTRATORS 

S185000 AWERITRON 

59995 AL 1200 Amp 

29995 ENCOMM 
289 00 SROO E 1 2M H T 
lnann ST 442 440 MHZ H T  
c"n"" 

35WIHT7 440MHZHT 
18995 ST.4oC 4.6 HR Base Chpr 

HAL 

1150W CR1 200 Compuler Interface 

57995 CRI 100 Computer lnterface 

59995 lC0M 
16900 7511PS 
54995 NVE 
54995 MBV Tuner 
54995 VOCOMM 
45995 251100W 2M Amp 
10500 VAESU 
44900 27ORHNo1ce 
36950 SP98O SpkrlF!llers 

NC 8 Base Chgr 
350 W 
17500 AEA CLOSE-OUT 
26995 AMFI Interface 
13950 KT3 KeyarlTra~ner 

3 75 Wwdpecker Blanker 
14995 DRAKE 
2904 7WOE CW Rthl. Awl1 

140 ENCOMM 

ST442 440MHZ H T  
$32995 ST222 220MHZ H T  
24995 ICOM 
39995 PS 20 PSISpk, 
18900 7070 Inlerlace 
39995 KANTRONICS 

1 1 TOWERS 1 1  
Cnnk.Up 

Model 1 140 
I TELESCOPING (CRANK-UP1 IDllfil I 
mid81 ~ B O H  GUYED 1slA1 K.UPI 

. EXCELLENT FOR 

/ 109 
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Ovt * H 000 \[lid 
0 5 2011 MH7 
19 dB glllll 

50 12 ~nioulpul 
For recelvfrs, counters, transrnltter 
amp slaqes 

Bu~lt ,  te',led & ready-to-go 

ONLY $9.95 + $1 shipping 

Uses 1 9-volt bane 

1 MHz - 500 MHz 

Great addition to shack and toolbox I ONLY $49.95 + $2 shipping 

This publication is 
available in microform 

from University 

P~PRIH mnd 1nP~rmn180n ntx~ul lhew 1111e.% 
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I : ~ ~ m ~ ~ n v l l n a l ~ l u l ~ ~ ~ n  - - 

- -- - -- 
Address - - . -- 
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SIH~~.- . ZIP 
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m~ol tnq!~or\ 111 I 'n~vurs~lr  %I!< rol8lrn$ Islr~rnnltonal. 
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L-band ground wave 
propagation program 

Update your VHF/UHF 
propagation program 

to include three 
additional ham bands 

The increasing popularity of  VHFIUHF communi- 
cations has prompted us to expand our computer pro- 
grams, described previously in ham radio, to include 
three additional ham bands.' If you have a working 
copy of the VHF propagation prediction program list- 
ed in our earlier article, you can easily update it to in- 
clude the 121 5-1300,2300-2450, and 3300-3500 MHz 
ham bands by using the modifications described 
below. 

L-band propagation data 
The data for propagation predictions we used is 

taken from the ESSA Technical R e p ~ r t . ~  The curves 
from which we derived the L-band data are for 1.6 GHz 
(1600 MHz), but the program scales any input fre- 
quency from 1.0 to 3.5 GHz by a 20 log (f/fREF) fac- 
tor to accornodate all three ham bands within this fre- 
quency range. Although the original program included 
ground-to-air and air-to-air data, we have included only 
ground-to-ground data here, since most of you will 
not be working these bands aeronautical mobile. 

entering the program 
It's not necessary to type the entire new program 

into your computer. 
If you have a Commodore 64 or 128PC, you can eas- 

ily add the new data to your old program. First load 
your old program, then type the new lines listed in fig. 
1, hitting <RETURN > at the end of each new line 

typed. The BASIC editor will automatically replace the 
old line numbers in the program with the new ones, 
and the new data lines (4000-4610) will be automati- 
cally added to the end of the program. Now save the 
new program to either tape or disk (using a new pro- 
gram name such as "Propagation V2.0"), and you 
have a propagation program covering 100 MHz 
through 3.5 GHz. 

Changes to the TI-9914A program are similar, but 
because of the limited RAM in this computer, you'll 
need a separate program for each band (see previous 
article). Load your VHF program and then do the fol- 
lowing: 

Delete the VHF data (lines 2005-2610) 

In lines 14,38, and 430, changeUVHF" to"L-BAND" 

In lines 38 and 426, change "100" to "1000" 

In lines 40 and 428, change "175" to "3500" 

In line 70, change "GOSUB 2005 to "GOSUB 4005 

In line 258, change "100-175" to "7000-3500" 

In line 424, change "125" to "1600" 

Now add the L-band data statements (lines 4005-4610) 
from the Commodore program listing in fig. 1 and save 
your new program. 

If you've entered our previous program into another 
brand of computer, make the appropriate changes for 
your computer. 

using the programs 
Use of the new version is no different than use of 

the previous VHFIUHF programs, except that only 
ground-to-ground data has been included.' (When the 
program is running and you're asked to select your 
antenna height from the menu, select only heights of 
25, 50, 100, or 500 feet.) 

By Lynn A. Gerig, WASGFR, R.R.  #I, Mon- 
roeville, lndiana 46773, and Joseph R. Hennel, 
4316 Winston Drive, Ft. Wayne, lndiana 46806 

January 1986 103 





35 MHz  OUAL TRACE OSCILLOSCOPE 

RAMSEY 20MHz 

---- - 
lncludc a cornpont'nt test- 
~ n g  clrctlil lor reststor. 

capac.,lu! 111<tt:~l ctrrult and diode testmg TV v~dco  sync l8tler wlrlp hand- 
wldfh 8 ~ ~ l q t ,  SI.~SIIIVIIY . tnternal grallcute . Iron! pancl lrace rotator * L a x s  

hlgtl SL~ I~SI I IY I I~  X-y mode . regulated power supply built-ln callbrator en 15 MHz  DUAL TRACE PORTABLE OSCILLOSCOPE 
rock solid triqgerlng 

RAMSEY 0-4100 

nlglt LCD readout . rvrl'sse.d lnflllt 
tacks . 5 a f ~ I y  p r o b ~ s  . 1111Xl~ ChPl h 

batter), included 

. 11.1.11, 0 , -  , , . < I "  

$14995 =:"65:"P" 
SB.95 (-1 i 

895 C,"  8 $1 \ #,P'!,* ,",.,> ,b",",,r,5,, 
$123.95 

I l P  4 ,.,, ,,, , ,, . 59 95 
195 

CT-125 9 DIGIT 1.2 GHz 
s 1 6995 COUNTER 

<nrmnC.c,,,,.. . , <.M, 8 ,  \ fdl,: ,,,,\ . ,,.#"t., an" 

f 2 2 9 5  m;;;,;,;;;, ;;;; !;,;:,;;;;r,>e~ 
L,,l,"lCI 

6 9 5  24 VC1 c ~ ~ ~ I ~ ~ ~  rl> 1~'. 111 
PS 10-B Prescaler '7Qg5 

I39 95 nlra  mrcue. .c a.et.t 

-- 
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CMC COMMUNICATIONS, INC. 
5479 JetpOR Industrial Blvd.. Tampa, FL 33614 

Phone: 813-885-3996 I 
106 n January 1986 1/ 121 

ELECTRONIC Equipment? 
Y i l l  Find Them 

in the Nation's No. I 
Electronic Shoppr Maguzine 

N U T S  & VOLTS 
Now in Our 5th Ysar 

Nuts & Volu is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST A D  RATES PRIVATE A N D  
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION A N D  A FREE CLASSIFIED A D  

WITH YOUR SUBSCRIPTION 

SUBSCRIPTION RATES 
One Year - 3rd Class Mail . . . . . . . . . . . . . . . .  $10.00 

. . . . . . . . . . . . . . . .  One Year - I s t  Class Mail. $ 15.00 
One Year - Canada & Mexico (in U.S. Funds) . . $18.00 
Lifetime - 3rd Class Mail (U.S. Only) . . . . . . . . .  $35.00 

ORDER NOW? 

U CHECK LJ MONEY ORDER 
U MASTERCARD 

NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Addresl 

C L I ~  

State ZIP 

Card No 

Exp Date 

IF YOU'RE INTO ELECTRONICS. 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Dcakr Inquiries Invited J 166 . 



designing Yagis 
with the Commodore 64 

Add screen enhancements 
to original WABEKL program 

Last summer, ham radio published WA3EKL1s arti- 
cle, "Designing Yagis with the Commodore 6 4  (June, 
1985, page 59). While running this technically excel- 
lent program, it occurred to me that certain features 
could be added to the program to enhance the quali- 
ty of the visual display. 

As is, the program may be confusing - for ex- 
ample, when the primary input of the frequency is sug- 
gested, input appears at the lower boundary of the 
screen and breaks into the next line, while the upper 
part of the screen continues to display the unneces- 
sary data. 

table 1. Summary of Commodore graphics commands. 
When you see bracketed commands [ I in the instruc- 
tions, press the keys as indicated. Do not type in 
brackets! 

ICLRI Press SHIFT Et CLR HOME 
I5 SPCl Press SPACE BAR five times, or as 

many times as indicated by the number 
IRVS ON1 Press CTRL b 9 
[RVS OFF] Press CTRL & 0 
14 DOWN1 Press CRSR DOWN four times, or as 

many times as indicated by the number 
shown. 

Figure 1 lists WA3EKL1s program, with the gener- 
al sections rewritten to provide highlighted informa- 
tion and clear data input screens. Table 1 provides 
a summary of Commodore graphics commands, to 
simplify recall of specific symbols. 

Just follow the instructions step by step and you'll 
enjoy an "easy on the eyes" computer program that 
will allow you to ignore the program and concentrate 
instead on the dimensions of your next antenna 
project. 

instructions 
Load your previously typed WA3EKL program from 

disk or cassette, but do not run the program. Then 
type in the enhancement program. 

Note that the numbered lines of the enhancement 
program will automatically replace the existing lines 
of the WA3EKL program memory. Some new lines 
have also been added. 

Spacing is important. Type each line exactly as 
shown. You'll notice that some words are run to- 
gether; this is intentional - doing so places them in 
the proper location on the screen. 

You'll have to use the symbol 7 instead of typing 
PRINT for some lines to get the computer to accept 
the long line. (See your copy of The Commodore 
User's Guide.) 

Line 80 changes the screen I border 1 letter colors. If 
you like the standard blue, omit all the POKE state- 
ments, and type in only PRINT "[CLRI". 

When you've finished typing, save the enhanced 
program under a new name of your choice. 

By Fred A. Sontag, NBCAO, Lake Farm, Rt. 1, 
Box 47, Tebbetts, Missouri 65080 
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We Give You VHF 
Without VHC; 
(* -Very High cost) 

I r. .,n,,,,,, M,, nn,,ur L('",,,IP< ,!I,. 

.,I. <.#..In.,\ il,I,,//J".,IU1<.,I l l lUl l l  

,r, ,.,, . <,,",,.3,, !,, ,781 50 h,h, Id* MI>, 
., . .~ .>~ . ,h lnr  

, .,,.,~,",%>,,! MF ,,,I, >m<*,"~r$ca"a"4~ 
i , ,  . I , ,  I,..,,, ,.,, .I,!* ,,,, l " I3YHr  

,,.,,I,,,>,,",,. ?.V,,,, 

AVAILABLE FROM: 

THE "PX SHACK 1296 Rh. 

VHFIUHF 
EOUIPMENT 

W.".. 11.1 - 3,. 

6.. - 10.. 

One source for amateur radio books, tapes 

PROPAGATION and computer 
Droqrams. . - 

PUBLISHING Over 125 hooks, 
tapes and computer 

l~rogranls to bee12 you up to date In the ham word. 
"I to help YOLI upgrade for that new t~cket  . Send 
V~LI I '  name and address for a FREE copy of tlie npw 
Propagat~on Publ~sli~ng catalog 

SPECIAL! 
t IIIII~ Horse 
i.26 Callbooks 

;:..>je SFI~,~! :(-,?<I :, n>p:lG>, 
\ 

:':;e' , , l l  ':I! '~'.lrji.l'f< ::I"?iC 
:c::: <, 5 ? ! P 5  [,?'# 

We are looking for authors! \' 

PROPAGATION PUBLISHING 
, I ' 3 r  ' s r r t ~  I l 1 1 i r  \ lr,r, 

r, 172 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

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

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

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

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Otlirr A M S A  T Mon/7i3rshi,v Brllefits: 

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

Satellite Tracking Software 
Available for most popular PCs. 

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

Construction of Future Satellites For Your 
Enjoyment! 

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

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
+ 113 



80 POKES3280,13:POKE53281,11:POKE6Y6,7:PRINT"CCLR1" 
100 PRINT"******* MONOBAND ANTENNA DESIGN ********":PRINT 
106 IFCS-"N"THEN311 
108 PR1NT:PRINT"CCLRI" 
110 PRINTVTHIS PROGRAM WAS WRITTEN USING THE 
111 PRINTnFORHULAS PUBLISHED IN 1980 HAM RADIO 
112 PRINT"MAGAZ1NE AND WRITTEN BY W2PU WHO PROUED MATHEMATICALLY AND EXPERIMENTA 
LLY 
119 PRINTWTHAT ANTENNA ELEMENT RESONATE FREQUENCY LENGTH IS NO SInPLE CALCULATIO 
N" 
116 PRINT"ESPEC1ALLY WHEN TAPERED ELEMENTS ARECY SPCIINUOLUED." 
130 PRINTm****** MECHANICAL RECOMMENDATIONS ******":PRINT 
130 PRINT"20 METER BOOM SHOULD BE 3 OR Y INCH" 
1Y1 PRINT"D1AflETER ALUMINUM IRRIGATION PIPE" 
150 PRINTnDEPENDING ON LENGTH." 
160 PR1NT"ELEMENTS SHOULD BE TAPERED SEGMENTS FROM1 1/Y INCH TO 1/2 INCH" 
189 PRINT"CDOWN3" 
185 PR1NT:PRINT"TO CONTINUE INSTRUCTION PRESS CRUS ONIRETURNCRUS OFF3";:INPUTIS 
186 PRINT"CCLR1" 
190 PR1NT:PRINT"lB-15 METER BOOHS SHOULD BE nADE OFC5 SPCl2 INCH ALUMINUM IRRIGA 
TION PIPE. 
200 PR1NT"ELEMENTS SHOULD BE TAPERED FROM 7/8 INCHTO 5/8 INCH DIAMETERS OF" 
215 PRINTnFOR MAXIMUM FRONT TO BACK RATIO USE 1/Y WAUELENGTH BOOM ON A 3 ELEMENT 

220 PRINTWBEAM AND 3/Y WAUELENGTH BOOM ON A Y,5C3 SPCIOR 6 ELEMENT BEAM." 
225 PRINTnEQUALLY SPACE ALL ELEMENTS ALONG THECY SPCIBOOM REGARDLESS OF LENGTH." 
230 PRINTmFOR A GOOD 2 ELEMENT BEAM USE A BOOMCY SPCILENGTH OF .I50 WAUELENGTH." 
290 PRINTmFOR A GOOD 3 ELEMENT BEAn USE A BOOMCY SPCILENGTH OF ,300 WAUELENBTH." 
299 PR1NT"CY DOWNI" 
295 PR1NT:PRINT"TO CONTINUE INSTRUCTION PRESS CRUS ONIRETURNCRUS 0FFI";:INPUTIS: 
PRINTnCCLRI" 
250 PR1NT:PRINT"INPORTANT ALL TOTAL LENGTH DIMENSIONSC3 SPCIWILL BE ELEMENT HALF 
LENGTH, " 
255 PRINT"MEAN1NG THE LENGTH OF THE ELEHENTC7 SPCIHEASURED FROM THE BOOM OUT TO 
THE" 
260 PRINT"T1P OF THE ELEMENT.ENTER ELEMENT SEGMENTLENGTHS AND DIAMETERS JUST" 
270 PRINT"<WHICH CROSSES OUER THE BOOMITO THECS SPCISMALLEST DIAMETER SEGMENT AT 
THE" 

275 PRINTnELEMENT TIP. THE OBJECT IS TO ADJUST THEORIGINAL SEGMENT LENGTHS SO" 
280 PRINTWTHAT THE TOTAL EQUIUALENT LENGTH ISC5 SPCIEQUAL TO OR UERY CLOSE TO TH 
E" 
285 PRINTVNORnALIZED LENGTH FOR THE PARTICULARCY SPCIELEUENT YOU ARE WORKING ON. 

289 PRINT"C3 DOWNI" 
290 PRINT:PRINTnTO CONTINUE INSTRUCTION PRESS CRUS ONIRETURNCRUS 0FFI";:INPUTII 
291 PRINTmCCLR1" 
295 PRINTWWHEN THE COMPUTER ASKS FOR INFORMTIONC2 SPCJCDOWNICRUS ONI-ENTER IN T 
HE INFORMATION-CRUS OFFI" 
296 PRINT 
300 PRINTVTHEN PRESS CRUS ONIRETURNCRUS OFFI - NOTHING WILL HAPPEN CDOWNlUNTILC2 
SPCIYOU PRESS CRUS ONIRETURNCRUS OFF]" 
301 PRINT 
305 PR1NT"IF NOTHING HAPPENS IMnEDIATELY,WAIT --- CDOWNICRUS ON1 THE COMPUTER MA 
Y BE THINKING!CRUS OFFI" 
309 PRINT"C9 DOWNI" 
310 PR1NT:PRINT"TO START CALCULATIONS PRESS CRUS ONIRETURNCRUS 0FFI";:INPUTIS 
311 PRINTvCCLR1" 
950 PRINT:PRINTWENTER CENTRAL DESIGN FREQUENCY IN WHZ";:PRINT"CDOWNl":INPUTCDF 
Y70 PRINTWENTER NUMBER OF ANTENNA ELEMENTS 2,3,Y,5 OR 6";:PRINTwCDOWN1":INPUTP 
Y90 PRINTmENTER BOOM DIA~ETER";:PRINT"CDOWNl":INPUTBD 
500 PRINTnENTER NUnBER OF ANTENNA SEf3MENTS";:PRINT"CDOWNl":INPUTN 
550 PRINT:PRINTnENTER (IN INCHES) LENGTH OF SEGflENT";:PRINT"CDOWNl":INPUTA 
570 PRINTnENTER (IN INCHES) DIAMETER OF SEGMENT";:PRINT"CDOWNI":INPUTB 
970 PR1NT:PRINTS"INCHES-TOTAL EOUIU.LENGTH 
972 PR1NT:PRINT"HARDCOPY CY/Nl";:PRINT"CDOWNl" 
980 PRINTWWANT TO CHANGE A SEGMENT LENGTHCY/N)";:PRINT"CDOWNI":INPUTBS 
1001 PRINT"CDOWN3" 
1130 PR1NT"ENTER NEW SEGMENT LENGTH <IN INCHES)";:PRINT"CDOWNI":INPUTU 
3030 PR1NTRS;"INCHES-NORMALIZED REFLECTORC20 SPCll/t LENGTH" 
3090 PRINTDE; "INCHES-NORMALIZED DRIUEN EL.ClS SPC31/2 LENGTH" 
3050 PR1NTDR;"INCHES-NORMALIZED DIRECTORSC20 SPC31/2 LENGTH" 
9000 PR1NT:PRINT"CRUS ONIPLEASE WAIT . . . . .  I'M THINKINGCRUS OFFI" 

READY. fig. 1. Yagi design screen enhancement program listing. 
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Micro Miniaturello Power FM 
IF-DET-SQ 

circuit 

$34.50 ea!! 

- 
-' 

DUAL IN-LINE OR SINGLE IN-LINE 

HYBRID PACKAGE 

COMPLETE 10 7 MHz narrow ban0 IF syslem 
IF amp. 2nd LO mlxer. Ilm~ler. PLL deteclor squelch 

Adlustable VCO and SQUELCH conlrols 
SaueIch outpul lor COS or Scanner clrculls 

Rellable HYBRID conslrucllon 
Great for all "home-brew" projects 

TINY SIZE only % x 1" x ' . r "  
HI PERFORMANCE 2-5 uv lor 12db s~nad 

LO CURRENT DRAIN 3ma IyDlcal - @  7 vdc 
AUDIO I00 Hz lo 3 5KHZ 

Sh~pped w11h applrcallans. crrcull dala 8 2nd LO xlal 
spec~ly SIP or DIP package 

834 50 each olus $2 00 shlDDlna and handllna 

Send check or money order to 
UHC Eleclroncs. PO Box 2062 San Ralael CA 94917 

# 193 

,-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. 1 
You read about it first I 
in the New Products i i 

i section of ham radio: i i 
/ "Many methods have been offered for I 
I learning Morse Code, some good and ! 
1 some not so good. This is a good one." ! 
I I 
i + Have you plateaued at 10-13 WPM? 

I MASTER the code in 40% - less time. 

I + The method based on the scientific ! 
i principles of Ski l l  Acquisition and 

I 

Perceptual Learning 
I 

I i 
I Adopted by the U.S. MILITARY ! 
I as the n e w  training standard I ! 
I Four cassettes teoch the entire alphabet in ! 
I 25 tr ials a t  20 WPM! 

Includes numbers. puncluat ion.  special 
I 

I characters. a n d  a n  a l l  new  intro tape. 
i 

. - - - - - - - - - - - - - - - - - - - - - -  - i 
1 z Send set(s) @ $19.95 each gb_ I 

I1 res. a d d  $1 roles tax 15%) o_ . 
N a m e  m i  I 

2 - 
! .r g 5 . &  1 

a C a l l  Class n $ ,  
! B $  i 
I Q Address - m n i  rrn 

S t a t e  Zip- n 'D i M o i l  10: TSG; PO BOX 3 8 9 7  Carbandale.  11 6 2 9 0 2  ,.,* . . rn i 
L .,.,.-.-.-.-.-.-.-.-. -.-.-.-.-.-.-.-.- 

A monthly of 100-plus pages-has everyth~ng you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STVR you will 
receive a FREE LCD Calendar/Clock. 

Only $1 9.95 per year (1 2 monthly issues) 
a $1 .OO for sample copy 

The best in satellite programming! Featuring: +All 
Scheduled Channels +Weekly Updated Listings 
+Magazine Format +Complete Movie Listing +All 
Sports Specials +Prime Time Highlights +Specials 
Listing and +Programming Updates! 

Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (104 weekly issues) 
$1 .OO for sample copy 

Visack and Mastercard " accepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1 -800-438-2020 
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The "Flying Horse" 
has a great new look! 

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

The North American Callbook llsts the 
amateurs In all countrles In North America 
PIUS those In Hawali and the U.S. Possessions. 

The International Callbook lfsts the calls. 
names, and address lnformatlon for llcensed 
amateurs In all countrles outslde North 
America. Coverage Includes Eurow. Asia. 
Afrlca, South America. and the Paclflc area 
(exclusive of  Hawall and the U.S. Posses- 
sions). 

The Callbook Supplement Is a whole new 
Idea in Callbook updates. PUbllShed June 1. 
1986, thls Supplement wll l  Include all the 
activity for both the North Amerlcan and 
International Callbooks for the Preceding 
6 months. 

Publication date for the 1986 Callbooks I s  
December 1. 1985. See your dealer or order 
now directly from the Publisher. 

0North Amerlcan Callbook 
lncl. s h l ~ ~ i n g  wlthln USA $25.00 
Incl. shlpplng to  forelgn countrles 27.60 

o lnternatlonal Callbook 
lncl.shlpplng wlthln USA $24.00 
Incl. shlpplng to  forelgn countrles 26.60 

o callbook supplement, Published June 1st 
Incl. shlpplng wlthln USA $13.00 
Incl. shlpplng to  forelgn countries 14.00 

SPECIAL OFFER 
o ~ 0 t h  N.A. & lnternatlonal Callbooks 

Incl. shlpplng wlthln USA $45.00 
Incl. shlpplng to forelgn countries 53.50 

. * * * . * * . * * . .  
Illinois residents please add 6V4% sales tax. 
~ l l  payments must be In U.S. funds. 

RADIO AMATEUR 

Dept. F ac Z! Lake ! b r ~ ~ b . , ' ~ ~ x  Bluff. l L  60044. USA 247 

Tel: (312) 2346600 

REPEATERVOTER - - 

. . 
4RV Four Channel Repeater Voter 

Signal lo Nolsc. Type 
Expandable lo 32 Channel by Just Adding Cards 
Designed tor Commercial and Amateur Sewice 
Cont~n~o~S Instant Vollng 
Dual or Single 12 Volt Supply 
LED Indicators of COR and Voted Signals 
Front Mounted Level Pols 
Built in Calibrator 
Remote Voted Indicators Plnned Out 
4 %  ' x 6"  Double Sided Gold Plated 44 Pin Card 
Unsquetched Audio Input 
On Board Audio Swltchang and Mixing 
Audio Mixer lnpul Available lor External Input 
Open Collector or Relay Contact Input 
Open Collector NPN Oulput 
Remote Dlsable Inputs 
More 

4RV Klt Including board and parts wlth 20 pago 
manual . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S2W.W 
Bullt,lested,andcallbrated~lthmanua1. . .  .S360.00 
For more Inlonnatlon call or wrlls: 

VOTER Hall Electronics 
815 E. Hudson Strwt 281.8871 
Columbus. Ohio 43211 

For 2AT/3AT/4AT w/standard batt. 

"Om delta 

free U.S. shipping 
made in U.S A. 
W day limited wamnty 

See through keypad window and instant 
access to all switches front, top, back 
plus unique zippered battery door. Fits 
with or  w/o ICOM clip. Looks, feels and 
fits great. Black or  burgundy tai lored 
vinyl. Call (617) 599-3090. 

Crowley Mfg. Co. 95 Federal St. Lynn MAOlBOJ 

17' More Details? CHECK-OFF Page 126 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of.lhe-art performance. 

Most lypes available 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filler 
Aud~o  IC Amplifier 

TUBES $23 PPD KlTS 825 PPD 

OVERSEAS AIR 57 

SARTORI ASSOCIATES. W5DA 
BOX 832085 

RICHARDSON. TX 75083 
214-494-3093 

+ 181 

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

CUSHCRAFT 
A3 : ' I ) !>  00 I 

K L M  
KT34A..  . . . . . . . . . . . . . . . . . . .  329 00 
KT34XA . . . . . . . . . . . . . . . . . . .  475 00 
432-2OLBX.. . . . . . . . . . . . . . . .  64 00 
432-3OLBX. . . . . . . . . . . . . . . . .  90 00 
435-18C . . . . . . . . . . . . . . . . . . .  109 00 
435-40C . . . . . . . . . . . . . . . . . . .  149 00 

HYGAlN 
TH3JR 
TH7 

HUSTLER 
25% OFF ALL MOBILE 
6BTV. .  . . . . . . . . . . . . . . . . . . . .  12500 

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

ROTATORS C 
CD45..  . . . . . . . . . . . . . . . . . . . .  A 
HAM IV . . . . . . . . . . . . . . . . . . . .  L 
T2X . . . . . . . . . . . . . . . . . . . . . . .  L 

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

KENPRO 
KR400..  . . . . . . . . . . . . . . . . . . .  119.00 

. . . . . . . . . . . . . . . . . . .  KR500..  149 00 
KR600 . . . . . . . . . . . . . . . . . . . . .  199.00 

r /  163 
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D! !  FORECASTER 
Garth Stonehocker, K0RYW 

MUF patterns and trends 
For years computer programs have 
been used to provide the engineering 
(design) and operating maximum 
usable frequencies (MUF) necessary 
for a radio link between communica- 
tions stations. These calculations 
define the equipment design and oper- 
ation based on the minimum and max- 
imum of sunspot cycle (years), season 
(months), and night and day (hours) 
for the transmission distance involved. 
The calculated hourly MUF is statisti- 
cally based on the middle value 
(median) available during the month. 
There are variations from this median 
value throughout the month. The 10 
and 90 decile values of the distribution 
are 15 percent under and over the 
median value for 27 days (90 percent) 
of a 30-day month. The 90 percent reli- 
ability figure is achieved by using a fre- 
quency 15 percent below the median 
value. Radio Amateurs can use the 15 
percent above MUF median value, 
which should be reliable 10 percent of 
the time or three days a month. 

A study has been done on the ratios 
(10 and 90 percentiles) to the median 
MUF. The largest variations in these 
distributions are diurnal and seasonal. 
Table 1 summarizes some of the re- 
sults in terms of percent below ( - %) 
and above I + %) for day and night 
deviations for three seasons (Winter, 
Equinox, and Summer) at propagation 
control point latitudes. 

Interestingly, the daily MUF or foF2 
making up the distribution in a monthly 
median is precisely the daily or next- 
day value forecasters are trying to 
determine. Some patterns and trends 
are worth noting. Nighttime variations 
from the median MUF are greater than 
daytime variations. The midlatitudes 

table 1: Variations in the 10 percent. 90 percent ratio from median MUF values. 

ratio interval 
latitude season -% day +% -% night +% 

70 Winter 27 29 26 34 
Equinox 25 27 30 35 
Summer 19 18 22 20 

50 Winter 16 13 19 23 
Equinox 24 21 24 2 1 
Summer 22 19 19 17 

30 Winter 13 15 22 27 
Equinox 17 14 21 22 
Summer 20 23 21 20 

20 Winter 16 19 25 33 
Equinox 14 14 24 31 
Summer 19 19 24 26 

10 Winter 12 15 23 27 
Equinox 13 15 24 25 
Summer 16 2 1 24 27 

show lower variations and these vari- 
ations rise as one approaches the 
equator because of the geomagnetic 
equator. The variations increase 
toward high latitudes (because of the 
geomagnetic pole-auroral oval) during 
the night. The equatorial effect is more 
noticeable in winter and equinox than 
summer. This helps explain and con- 
firm observed transequatorial DX 
openings to the southern hemisphere. 
However, in the daytime when ion 
production is more stable the MUF dis- 
persion decreases from high latitudes 
(70 degrees) all the way to the low lati- 
tudes (10 degrees). 

At the high latitudes the increased 
MUF dispersion reflects the influence 
of solar wind particles coming into the 
ionosphere at the auroral oval around 
the geomagnetic poles. This is the 
region where short time variations 
occur (QSB), and low signal strengths 
associated with geomagnetic storms 
are received. Propagation on east-west 
paths to Europe and Japan are those 
mostly affected. However, this iono- 
spheric movement also causes unusual 
propagation openings to occur. This 
high-latitude MUF increased distribu- 
tion dispersion should be sunspot 
number-sensitive and next month's 
column will look at that. 

last-minute forecast 
The higher frequency bands (10-30 

meters) are expected to be very good 
during the first and last weeks of the 

month. Don't look for too much in this 
winter season because the 27-day solar 
cycle isn't a big increase even though 
the ionosphere has increased sensitiv- 
ity, as discussed last month. Little 
enhancement from geomagnetic field 
disturbances of transequatorial propa- 
gation (openings) is expected, since 
January is one of the most geomag- 
netically stable months of the year. 
The lower frequency bands will be best 
during the middle of the month. Low 
noise and signal absorption work 
together to make excellent signals, 
even out of the weak DX. However, 
abnormally weak signals (the winter 
anomaly) might be received for a few 
days this month on high midlatitude 
east-west and north directed paths. 

Lunar perigee occurs on the 8th, 
with a full moon on the 26th this 
month. An intense but short-duration 
meteor shower, the Quadrantids, will 
occur between January 2nd and 4th 
and last a few hours. 

band-by band summary 
Ten, twelve, fifteen, and twenty 
meters will be open f ~ o m  morning to 
early evening almost every day, and to 
most areas of the world. The openings 
on the higher of these bands will be 
shorter and will occur closer to local 
noon. Transequatorial propagation on 
these bands will more likely occur 
toward evening during conditions of 
highest solar flux and a disturbed 
geomagnetic field. 
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'Look at next higher band for possible openings. 
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ENGINEERING PROGRAMS 
FOR THE lBM-PC 

RF NOTES - IBM-PC 
RF-CAD ELECTRONICS DESIGN CtfCb John ~ Innnom.  WM 
PROGRAM - Version 3.51 Hen's an easy wa to get answers for often asked e k -  

by J w  R-. wijn n d  G y  wd, WAlGRe tronics questions. L t h  volumes contain pmgrams written 
For IBM PC and mmpallble computers by RF consulting engineers that answer a number of vew 

important questtons 0tt1:n asked by Hams. Monwhrome 
This software package has been wnnen fJY ekfmnic and color verslons ava~lable Written In Baslc A and lully 
engineers and contains nearly 40 tested and proven menu drlven Graphtcs card and 128K memory reguired. 
programs that will help the Radlo Amateur or engl- 
neer deslgn many common types of radio circuitry. VoIum 
Emphasls has been placed upon ease of use. Wher. Contains: dB mw*s. 10 mnveft W W e .  current or 
ever possible. menus of cho~ces with examples are Power levels 10 dB; d8m ~ ~ ~ n s ,  convem MnageS Or 
dtsplayed. Should the user be computer Ihterate, the power levels to dBm and dBm to v o k l e  or Power. VSWfl 
programs are copy protected so they can be cdkulations, cakulates VSWR and return loss when both 
modlfied to meet your spec~hc r uirements, (lull rellected and inctdent powers are known; Filler desi n. 14 
dccumentation 1s also provlded.)?rograms include: dltterent filter conhgurations Including schematics ($low 
F~lters. LC. achve. LP. HP. RP, Inductor design, tor- Pass. 4 hlgh Pass. 2 band Pass and 2 band elimlnatlon cir- 
rold. solenold. straight ware. Matchtng neworks: Cults: Baslc Mrcrosfnp ,7nd shrp line desrgn, Resonant Cir- 
Crystal oscillators. Mlcrostrip. Transmlss~on Ilnes; Curls. deslgn parallel and serles resonant ctrcu~ts. PI. 

Antennas. Yagl-Uda. hellx. dlsh. horn, element -I. capacihve and I ~ ~ U C ~ V P  Impedance dlvlder c~rcults 
!ng. PI and T anenuators Also included Radlo Path I IE-RFl (Monochrome) IRM-PC t59.S 
calculahons. FM modulation analys~s. Miscellaneous I IE-RFlC (Color) $59.95 
conversions; Geostattonary satellite potntlng. Moon 
tracklng a~ds; Recetver nose flgure calculattons and vo'urns 'I 

~~a;y;;yn~ymsley ;;;:;;; ,%qk"';yR;;M. ~ e P , ' V " , " , " $ f l , " , ~ " p : $ ~ ~ ~ r a ~  ~ ~ ~ ~ ~ $ ~ ~ ~ - t s  

:, 1985 grams ) Inductors. inductance in a single IengM of wire. 
I IRF-CAD =.% S~ngle layer colls. both close and wlde space wwnd and 

Torrotdal coil design Mat glves automabc selection of mre 
sue and torroldal form Capac~tors. calculates sell resonanl 
frequencies, determines optlmum bypass values and de- 

Please enclose $350 coupllng apphcabons lwedance Matchlng Nefrmhs. 

t o  c o v e r  shipping, handling. includtng, L. PI. T and sertes L conllguraDons. 
I IE-RF2 (Monrxhrome) IRM-PC t59.S 

f59.95 

Greenville, NH 03048 

DEPENDABLE "SE-R-V-I-C-E" ond, w e  ful ly ~ n t e n d  to  
corry o n  this proud tradition w i th  even MORE n e w  
product lines plus the some "foir" treatment you've 
come to rely on. Our reconditioned equipment is of  the 
finest qual iv 'wi th 30, 60 a n d  even M y  parts a n d  
lobar warranties o n  selected pieces. 
And, remember .  . . 

- W E  SERVICE W H A T  W E  SELL - 

A t l  
AMECQ 
AMfR lRMl  
INTIK 
ARRL 
ASTRDN 
ANTENNA 

SPtClAllWS 
B L W  
BENCHER 
BUllERNUT 
CUSHCRAFT 
DlAWA 

DUKE 
ENCDMM 
HUSTLER 
ICOM 
JANtL 
KANTRONICS 
KDK 
KLM 
LARSEN 
MFJ 
MINI-PRODUClS 
MIRAGE 

M O I t l N  
NYt 
PALOMAR 
RADIO U L L I O O l  
ROBOT 
ROHN 
TELEX I n rGA l r  
TEN-TtC 
TRIO-KENWWD 
UNADILU I REYCO 
YABU 

S T O R E  HOURS: 
9.5 P.M. (UT) 

MONDAY thn lRlDA1 
OPEN SATURDAYS 

from 9.1 P.M. (CST) 
CLOSED 

SUNDAYSIHOLIDAR 

Thirty and forty meters will be useful 
almost 24 hours a day. Daytime con- 
ditions will resemble those on 20 
meters. Skip distances and signal 
strength may decrease during midday 
on days that coincide with the higher 
solar flux values. Nightime DX will be 
good except after days of high MUF 
conditions and during geomagnetic 
disturbances. Look for DX from 
unusual places on east, north, and 
west paths during this time. The usa- 
ble distance is expected to  be some- 
what less than 20 in daytime and 
greater than on 80 at night. 

Eighty and one-sixty meters will exhibit 
short-skip propagation during daylight 
hours and lengthen for DX at dusk. 
These bands follow the darkness 
regions opening to the east just before 
your sunset, swinging more to the 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn on the path of your 
interest. The 160 meter band opens 
later and ends earlier than 80. 

ham radio 

I 
New & Reconditioned 

Call o r  Write Us Today For a Quote! 
You'll Find Us to be Courteous, Knowledgeable 

and Honest 

A E A  A M T - 1 .  REGULARLY $479.95 

NOW ONLY $299.95 I 
' 1 THE AMTOR TERMINAL UNIT! I! W o r k s  w i t h  a n y  

P 0 Box 73 A S C I I  t e r m ~ n a l  o r  p e r s o n a l  c o m p u t e r  w l t h  a t e r m i n a l  
208 E a s t  K e m p  p r o g r a m .  A l s o  w o r k s  RTTY. CW.  ASCI I .  

W a t e r t o w n .  SD 57201  ORDER YOURS TODAY l Llmlled q u a n t l h e s .  I 
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newest accessories tantly and correctly to read instantaneous peak 

for Kenwood HT power. The unit features a tri-color indicator that 
lights up to show the antenna matching condi- 

An extra-lie battery pack and an AC operated tion: green for yellow for ,,not very good,.. 
quick-charger for the Kenwood TH-Series and red for a condition, 
pocket transceivers are now available. Despite all the features packed into this modd, 

The PB-2lH is an extra-life 500 mAH NiCad it measures only 5112 4-114 inches and 
battery pack measuring just half an inch more retails for only $89.95 each. ~ i k ~  all MFJ 
than the standard PB-21 banery pack, and prducts, the MFJ-818 a uncon- 

products weighs only 6.5 ounces. (The standard PB-21 ditional wananw, In addition, if you order 
NiCad pack is rated at 180 mAH.1 from MFJ, you get a 30-day money back guar- 

The new BC-6 is an AC-operated, two-pack antee: if you're not completely delighted, just 
quick-charger that doubles as a DC power send the SWRlwanmeter back within 30 
source for the TH-Series radios. The BC-6 can for a full refund (less For information, 
fully charge either the standard PB-21 or the new contact MFJ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ,  lnc. p.0.00~ 441, 
extra-lie PB-21H in just one hour. The two-pack Mississippi State, Mississippi 39762 Complete Novice quick-charger comes complete with an adapter Circle MO on Sewice 

"The Comolete Novice" is a new wckaae cable so you can operate your HT while the bat- - 
from Gordon West that contains everything the 
beginner needs to pass the Novice test. 

Packaged in a large transparent vinyl hang- 
bag, "The Complete Novice" contains the fol- 
lowing study materials: four stereo coda learning 
tapes, two stereo Novice class theory cassettes, 
a copy of ARRL's Novice theofy book, the ARRL 
FCC Rule Book, a brass telegraph key, a solid- 
state code practice oscillator, including banery 
and hook-up wires, instructions for proper code 
sending, a list of the 200 FCC Novice test ques- 
tions, a copy of FCC Form 610 plus VEC Ex- 
aminer lists, a confidential written exam and ten 
5WPM tests for the examiner, and complete test 
instructions to the Volunteer Examiner. 

The Complete Novice is available from Ham 
Radio's Bookstore or from Radio School, Inc., 
2414 College Drive, Costa Mesa, California 
92626. The price is $49.95 plus $5.00 fw  shipping 
and handling. 

Circle #312 on Readar Sewice Card. 

tery packs are charging. 
For further information. contact Trio Kenwood 

Communications, 11 11 West Walnut Street, 
Compton, California 90220. 

MFJ Enterprises. Inc. 
The new MFJ-818 automatic digital 

SWRlWattmeter from MFJ Enterprises, Inc., is 
unique in several ways. First, it's digital, with 
easy-tcrread, 112 inch bright-orange digits on the 
SWR display. But more importantly, MFJ-818 
is automatic. It eliminates three steps in read- 
ing SWR: switching to set, setting the meter 
needle for full-scale deflection, and switching 
back to SWR 1:l to 9.9:l directly and instan- 
taneously. There's no need to adjust the SWR 
set knob! 

The MFJ-818 reads up to 200 watts RF out- 
put on its LED bar graph disply. The 12-bar LED 
display indicates the "On Air" power level ins- 

ICOM IC-127lA 1.2 GHz 
transceiver 

ICOM has announced the IC-1271A full- 
featured base station transceiver. With cover- 
age from 1240 to 1300 MHz, the IC-1271A fea- 
tures 10 warn of RF output power, 32 memories. 
scanning and multi-mode operation including 
A N  IAmateur TVI. 

Additional features include front-end GaAs 
FETs for exceptional' receiver sensitivity: 
CWlFMlupper and lower SSB; scanning 
(memory, program or mode scan); and 12 VDC 
or 1171240 VAC operation (optional), The sug- 
gested retail price is $999.00. 

Options include the N-1200 ATV interface 
unit, IC-EX310 voice synthesizer. UT-15s 
CTCSS encoderldecoder and IC-PS25 13.8 VOC 
internal power supply. 

For further information, contact ICOM Ameri- 
ca, Inc., 2380 116th Avenue. N.E., Bellevue. 
Washington 98009-9029. 

Circle lJll on Reader Sewice Card. 

new Jensen catalog 
A new 1Wpage catalog of hard-to-find tools, 

service kits, and test equipment is offered free 
by Jensen Tools Inc. Illustrated in full color, this 
catalog contains more than 1000 items, includ- 
ing an expanded line of circuit board equipment. 

To obtain a free copy, contact Jensen Tools 
Inc.. 7815 South 46th Street. Phoenix, Arizona 
85044. 

Circle CJ09 on Reader Sewice Card. 
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conventional hybrid transformers that convert 
4-wires to 2-wires. 

A high degree of electrical isolation from the 
radio equipment makes the Heathkit Phone 
Patch ideal for voice-operated installations. In 
addition, the transmission can be monitored on 
the phone line. An 8-pole filter in the input cir- 
cuit makes the Patch compatible with all sub- 
scriber loop-frequency voice standards as 
prescribed by the FCC. 

For information contact Heath Company, 
Dept. 150-575. Benton Harbor, Michigan 49022. 

Circle Ml on Reader Service Card. 

film simplifies 
making PCBs at home 

Anyone who's ever made a PCB at home 
knows that applying the etch resist takes 
patience, skill, and experience. 

But TEC-ZOOrn Image Film, a special plastic 
film available from Meadowlake, simplifies the 
process to three easy steps: fim, the desired cir- 
cuit pattern is photocopied directly from any 
magazine or book, using a sheet of TEC-200 film 
in the paper tray of any standard "plain paper" 
copier that uses toner. The high heat resistance 
of TEC-200 and the quality of modern photo- 
copiers result in excellent reproduction with 
minimal pattern distortion. 

Next, the photocopied circuit panem is trans- 
ferred to a piece of copper-clad board using a 
hot iron. The toner deposited on the photocopy 
melts and forms a varnish-like. acid-proof, etch- 
resist coating. Just remove the film from the 
board, and the board is ready for etching. 

For information about TEC-200 Image Film, 
contact The Meadowlake Corporation. 25 Blan- 
chard Drive, Northport, New York 11768. 

Circle m2 on Reader Service Card. 

Minds Eye Publications has announced a new 
publication: Curly~ode'~. a new way to learn 
Morse code. 

Not "just another code course" but instead 
a new learning experience, it lets you become 
familiar with all the characters in one quick read- 
ing of the manual. I t  shows you how to let the 
rhythm of the code build shapes that you see 
in your mind's eye. Each sound adds to the 

shape you already "see," so you never have to 
change your mind about the shape. Each shape 
is the character, so you can write i t  down 
instantly. 

The beginner will remember most of the 
shapes without any study because only eight 
basic shapes are needed to know half of every- 
thing and nearly all the lenersl Remember two 
additional endings for each shape and you'll 
know all 61 characters. 

If you're already an expert, you'll find Curly- 
code an exciting new way to increase receiving 
speed. With a little practice, you may soon find 
the Curlycode shapes forming automatically in 
your mind's eye at practically any speed. 

The price of the full set lincluding manual, wall 
chart, pocket card, and beginner's chart) is 
$11 .XI. The manual alone (without the separate 
charts1 is available for $6.50. You or your club 
can save money by buying ten or more complete 
sets and deducting 20 per cent. All prices include 
postage and handling. 

For further information, contact Minds Eye 
Publications. Dept. PHI, Box 1310, McLean, VA 
22101. 

Circle XJa on Reader Service Card. 

antenna phasing unit 
BaileyTech has introduced a new type of an- 

tenna product - the Opti-Phasor, an in-the- 
shack 40-meter phasing unit designed to drive 
a pair of dipoles or inverted vees to obtain a 
directional pattern and 4 dB gain. Either of two 
directions may be selected by merely throwing 
a switch. Variable reactance phasing allows the 
currents to be precisely balanced in the two di- 
poles so that deep nulls off the back and opti- 
mum gain can be achieved. 

A front-to-back ratio of 20 dB or more is typi- 
cal and the null is steerable. The five controls 
are "lead," "lag." "match," "tune," and the 
"direction" switch. Standard female UHF con- 
nectors are provided on the back of the phasor 
for the transminer and two feedlines. A separate 
52-ohm coax feedline is needed to drive each di- 
pole. The Opti-Phasor will match a 52-ohm trans- 
mitter at full legal power. An SWR indicator or 
reflected power meter is needed to adjust the 
match. The user-supplied dipoles are hung 
parallel about 25 feet apart. Size is 7 112 x 3 318 
x 6 118 inches; color is beige with black. The 
list price is $120. 

For details. contact BaileyTech, 304 West S. 
College Street, Yellow Springs, Ohio 45387. 

Circle lJOI on Reader Service Card. 

FRESH STOCK -NOT SURPLUS 
TESTED - FULLY GUARANTEED 

2.30 MHz 12V (' = 28YJ 
PIN Rarrng Each March Pr 

MRF4W 20W $14.50 $32.00 
MRF412,IA BOW 18.00 45.00 
MRF421 1 W W  25.00 56.00 
MRF421C 110W - 60.00 
MRF422' l5OW 36.00 82.00 
MRF426.IA' 25W 18.00 42.00 
MRF428" l5OW 55.00 125.00 
MRF433 12.5W 12.00 30.W 
MRF435' 150W 42.00 90.00 
MRF449,IA 30 W 12.50 30.W 
MRF45O.IA SOW 14.00 31.00 
MRF453,IA 60W 15.W 35.00 
MRF454,IA BOW 16.00 36.00 
MRF455.IA 60 W 12.00 28.00 
MRF458 80 W 20.00 46.00 
MRF46O 6OW 18.00 42.00 
MRF464' 80W 25.W 6000 
MRF466' 40W 18.75 48.00 
MRF475 12W 3.00 9.00 
MRF476 3W 2.75 8.00 
MRF477 40 W 11.00 25.00 
MRF479 1SW 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 SOW 18.W 40.00 
SRFZO72 75W 15.W 33.00 
SRF3662 l l O W  28.00 60.00 
SRF3775 75W 15.50 34.00 
SRF3795 85W 16.50 37.00 
CD2545 50W 23.00 52.00 
SD1076 70W 17.00 40.00 
SD1451 M W  15.W 36.00 

Selected Hrgh Gat,, Matched Ouads Ava!lahle 

VHFIUHF TRANSISTORS 
Ral~ng MHz Nel Ea March Pr 

10W 136.174 $16.00 - 
15W 136.174 10.00 - 
25W 136.174 14.00 - 
40W 136.174 13.50 32.00 

3.5W 66.110 10.00 - 
25W 66.88 15.00 39.00 

4W 136.174 3.00 - 
30W 136.174 12.00 - 

TMOS F U  
MRF134' 5W 2.200 $10.50 - 
MRF137' M W  2.200 22.50 - 
MRF136" 30W 1.5.150 35.00 - 
MRF150" l5OW 1.5.150 80.00 - 
MRF172' 80 2.200 65.00 - 

Selected, marched finals tor Kenwood. Yaesu. 
!corn. Atlas, elc. Technrcal assistance and cross- 
relerence rntormarron on CD. PT. RF. SRF. SD PINS. 

I QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC I 
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NEMAL ELECTRONICS INTL., INC. 

PIUS honed Cop~tr 

Two styles, two sizes for all installation needs 
Aluminum Outar Conductor with Polyethylene Jackst 

RG174lU rnln 50 R mil spec 
2 54 dB1100 ft @ 1000 MHz $3 251fl 

RG214lU double silver shield 50 ohm 
RG214lU tinned copper 
RG2171U double shield 500 518" 00 

112 inch loss 38 dB1100 f l  @ 30 MHz 
(FLCIZ-~OJ) 2 78 dB1100 fl a 1000 MHz $1 59Ifl LOW LOSS FOAM DIELECTRIC 
718 ~nch loss 13 dB1100 fl @ 30 MHz RG 8X (Mini 8) 95% shield ($15 001100) or 17*/fl 

RG8U 80% shield ($19 001100) or 2Zg/f1 
(FLC12 78J' fl @ looo MHz 53921fi RG-81U 97% shield 11 gu (eq Belden 8214) 31glfl 

COMPARE RG 213 1 25 dB1100 @ 30 MHz RG58U 80% shield 07'lft 
8 5  dB1100 @ 1000 MHz I RG58U 95% shield l(r/fl 

RG591U 1 0 W  foil shield TV type 1O~lfl 
HARDLINE CONNECTORS RG59lU 70% copper shield E~c/ft  

112 Inch aluminum UHF MIF $19 00 Type N MIF $22 00 
HEAVY DUTY ROTOR CABLE 2 16 ga 6 20 ga 36'1ft 
Rotor cable 2 18 ga 6 22 ga Poly burial Jkl 19clfI 

718 inch aluminum UHF MIF $49 00 Type N MIF $49 00 Complete line of mulliconductor cables ava~lable 
112 inch copper UHF MIF $22 00 Type N MIF $22 00 
718 lnch copper UHF MIF $49 00 Type N MIF $49 00 CONNECTORS MADE IN USA 

Amphenol PL 259 89' 
shrpprng PL 259 dndlor SO 239 65c ea or 10/$5 99 
Cable - $6 00 per 100 tt Double Male Connector $1 79 
Connectors - $3 00 per order PL 258 Double Female Connector 98' 
Orders under $20 add $2 addrtional plus shippmg. PL 259 Silver Tellon Kings $I 59 ea 
Charge card - orders over $30 only Reducer UG 175 or 176 22' or 101$2 00 

COD add $2.00. Florida Residents add So/@. UG 255 (PL 259 to BNC) $2 95 
Elbow (M359) UHF Elbow $1 79 

FACTORY AUTHORIZED DISTRIBUTOR 
F59A (TV type) 24' or 10/$2 00 
UG 21 Dill Type N Male for RG8 Amphenol $3 W 

AMPHENOL, CABLEWAVE, COLUMBIA, KINGS UG 88CIU BNC Male lor RG 58 Amphenol $1 25 
BLONDER-TONGUE, TYTON, B&K UG 273 BNC PL259 Amphenol $3 00 

3/16 inch M~ke Plug for Collins etc (cutoff) $1 25 

COAXIAL CABLE SMAW PRODUCTS shipping 

MULTICONDUCTOR CABLE COAX-SEAL 
Cable - $3.00 per 100 N. 

CONNECTORBADAPTERS * COMPUTER CABLE 
Connectors - add lo%, $3.00 minimum. 
Orders under $20 add $2 additional plus shipping. 

HARDLINE CRIMP TOOLS Charge card - orders over $30 only. 
CABLE TIES FIELD STRENGTH METER COD add $2.00. Florida Residents add 5%. 

12240 N.E. 14th Ave. IN STOCK 

No.Miami,FL33161 - ~ ~ ~ ~ f ~ ~ E 1 : ~ $ ~ -  
Tele~hone: (305) 893-3924 

'MULTI-BAND SLOPERS' 
ALSO: DIPOLES k LIMITED-SPACE ANTENNAS 

Oulrlandlns parformanse 01 W9lNNantsnnas 1% 
-10" mulliband BIG-SIGNAL rsoorlrl Automan 
low SWR .coax b e d .  3hw power . Compact. 
10 YOU, sp~clfled cen1.r Irswamraacn band . 
low prollle . Complals Inslrusl~ans .Your par*on.l check Icceplad 
4 BAND SLOPER-160.80.40.30.or ?OM 60 11 lono f 48 ppd- 
3 .. - 160, 80.4OM 
2 .. " - 80.4OM 

6011 .. 40 ll .. f :: :: 
3 .. NO'TRAP DIPOLE - 160. 80. 4OM 11311 long 
2 .. .. .. .. . 80,  OM 8511 .. 2:::: 
9 BAND SPACE.SAVER D I W L E - I 0  lhru IOM' 4EU&n 

Rsciulres wlds-rengo lunor180.40.20.lSMrllhovl 1un.8 
' 85vpd 

SEND SASE lor C O ~ D I O I O  details 01 these and OIM~ vnlqvs antennas 
W 9 I N N  A N T E N N A S  312394 3414 

8 0 X  393-tl MT. PROSPECT, 11 60056 

products 
beam antenna handbook 
by Bill Orr, WGSAI 
and Stu Cowan, W2LX 

Completely revised and updated, the Beam 
Antenna Handbook includes the latest state-of- 
the-art antenna design. Computer generated 
beam dimensions for the 40,30, 20, 17, 15, 12, 
10, and VHF bands are included, eliminating the 
need for time-consuming math calculations. Also 
covered are: beam height and optimum angle 
of radiation, how element types and hardware 
effect performance, effect of nearby objects on 
radiation patterns, feedlines, baluns, and match- 
ing systems and much more. ham radio VHF 
columnist Joe Reisert, WlJR, and noted Euro- 
pean VHF'er DL6WU's VHF antenna designs are 
covered extensively as well as NBS VHF long 
Yagis. 286 clearly written pages - 204 easy-to- 
understand illustrations make this the book to 
buy for beam construction. The price is $9.95 
softbound. 

For more information, contact Ham Radio's 
Bookstore, Greenville, New Hampshire 03048. 

Commodore companion 
Jim Grubbs, K9EI (see "Micros and VHF Bea- 

cons Transmit Messages Automatically," ham 
radio, July, 1985, page 51) has authored a new 
book entitled The Commodore Ham's Compan- 
ion, a complete guide to using Commodore com- 
puters in the shack. In fourteen chapters, Jim 
addresses a variety of topics including selecting 
the right Commodore computer for your station, 
the basics of programming for RTTY; Morse, 
AMTOR, and packet; and information manage- 
ment strategies for logging and other record 
keeping chores (contests, awards, etc.) 

In a clear, easy-to-read format, he explains 
why the Commodore machines are the easiest 
to interface to the rest of the world, and takes 
a special look at "telehamming," or connecting 
to Amateur Radio information sources via the 
telephone lines. Message Storage Operations 
and packet are also addressed. 

Jim also lists sources of software for SSTV, 
satellite tracking, and other specialized applica- 
tions, as well as over 80 sources of hardware and 
software for more general Amateur Radio appli- 
cations. 

The Commodore Ham's Companion is a 
160-page paperback retailing for $15.95, plus 
shipping and handling, ($2.50 if ordered directly 
from the publisher, $3.00 if ordered from Ham 
Radio's Bookstore). 

For information, contact QSKY Publishing, 
P. 0. Box 3042, Springfield, Illinois 62708. 

Circle 1305 o n  Reader Service Card .  
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12-meter antenna coil 
KW-12 antenna coils allow trapped dipole 

coverage of the new 12-meter band (24.8924.99 
MHz). Resonant frequency is designed to pro- 
vide a perfect half-wave dipole. The power han- 
dling capability is 1500 wans PEP maximum. The 
pair is installed 9 feet. 5 inches from the balun. 

Hi-Q characteristics are obtained by optimum 
form factor on polystyrene. Coil dimensions are 
5 112 inches by 118 inch diameter: the unit 
weighs 6 ounces, with tensile strength rated at 
800 pounds. An acrylic lacquer waterproof coat- 
ing and all-aluminum hardware help provide 
resistance to corrosion. A specification sheet and 
installation instructions are supplied. 

For information, contact Microwave Filter 
Company, 6743 Kinne Street, East Syracuse. 
New York 13057. 

Circle 1306 on Reader Service Card. 

SSTV transceiver 
Davtrend has introduced two new products: 

the DRAE SSTV Transceiver and - for those 
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who already have the receiver - a Transmit 
Module that upgrades the DRAE receiver to 
transceiver status. 

The system specification is the standard 8.5 
second SSTV format of 16 grey shades with a 
128 x 128 pixel picture. Further specification de- 
tails are available. 

For further information. contact Davtrend 
Limited, Sanderson Centre. Lees Lane, Gosport, 
Hampshire PO12 3UL England. 

Circle n07 on Reader Service Card. 

COMPACT 75 M SSB TRANSCEIVER 
Complete s h l p ~ m g  PIUS $199.95 I3 OD and Kit 41bE 
n a n d l t n g  

Dtmerb$ivns 2. x fi' r! 6- 

RECEIVER: 
Frequency 3 8 4  0 MHz 
Sens~l~vtry 0 5 pV lor 10 dB SIN 
Selecl~vtly - 6  dB Bn 2 4 KHf 
AGC Range +60 dB ~n = + 3 dB out 
Audto Ouput ,350 mW tnto 8 ohms / 177 RADIO KIT 

TRANSMITTER: BOX 111H 
Frequency 3 8 4 0 MHz Grwnvills. NH 
O U I ~ L ~ I  no sans (nto 50 ohms 
IMD -30 OB 

ow 
- 4 7  d ~ .  -55  WWER REQUIREMENTS: IWJ3l878.1033 

SWR lrnmun~hl 3 1 6c all phase angles Voltage 28 Vdc regulated telex 887697 
ALC Ampl~lled lasl response late lquas! processmg) Ct!rl?nl 2A lransmll. 65 mA rKelvP 



IMRA, lnternat~onal Mission Radio Associat~on helps mission- 
aries. Equipment loaned. Weekday net, 14.280 MHz. 2-3 PM 
Eastern. Eight hundred Amateurs In 40 countries. Brother Frey, 
1 Pwer Manor Road. Larchmont. New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego. CA 92117. SASE 
brings information. 

DIGITAL AUTOMATIC DISPLAYS. All transceivers. Six 1 / 2  
diaits. 5" wide bv 1.114 bv 9 cabinet! Send $1.00 for infor- 
mation. Be spe'cific. ~ r a " d  Systems. FOB 2171, -Blaine, 
Washington 98230. 

CB to 10M CONVERSIONS. FM kits, frequency modification 
hardware, books, plans, high-performance CB accessories. Free 
catalog. CBCI. Box 315M)HR. Phoenix, AZ 85046. (602) 
996-8700. .-- 

ELECTRON TUBES: Recelv~ng transmlnlng mlcrowave all 
types ava~lalde Large stock Nexr day deltvery, most cases Daly 
Electronlcs PO Box 5029. Compton CA 09224 12131 774 1255 

CABLE TV CONVERTERS & EQUIPMENT: Plans and parts 
Bulld or huv FREE snformat~on C b D Electron~cs PO Box 1402 
Dept H R . ' H O ~ ~ .  AR 71801 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Flve patch minimum. Free sample, prlces and orderlng 
~nformat~on Hem Specialties. Inc., Dept 301. 4202 N. Drake. 
Chicago. IL 60618. 

RATES Noncommercial ads 100 per word; 
commercial ads 60c per w o r d  both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS Sponsored by non-profit or- 
g a n i z a t i o n s  receive one f r e e  Flea M a r k e t  ad 
( s u b j e c t  to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten o r  

clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
r i g h t  to r e j e c t  unsuitable copy. Ham Radio can- 
not check each advertiser and thus cannot be 
held r e s p o n s i b l e  for claims made. Liability f o r  

correctness of material limited to corrected ad 
in n e x t  available issue. 

DEADLINE 15th of second preceding 
m o n t h .  

SEND MATERIAL TO: Flea M a r k e t ,  Ham 
Radio, Greenville, N. H. 03048. 

CIRCUIT BOARDS: Guaranteed lowest quotes and FREE twelve 
hour prototypes Slngle and double slded boards Small through 
large product~on quantltoes Send spec~f~cat~ons T 0 R C C C 
Electronlcs Box47148 Chlcago llllnols60647 I3121 342 9171 

P.C. BOARDS for all Amateur Radio magazlne projects, cur- 
rent or past issues. Guaranteed lower than list prices. Any quan- 
t ~ t y  available Send specifications (magazine name, issue and 
page numbers). T.O.R.C.C.C. Electronlcs. Box 1 47148. 
Chicago. lll~nois 60647. I3121 342-9171. 

WANTED: E.H. Scott Radios and McMurdo Silver Radios i.e. 
Scott Radio Labs "Scott Special" etc. McMurdo Silver "Sin- 
gle Signal Super 5A" or "Radio Professional Model 5D" etc. 
Literature. Also Zenith Stratosphere Radio. I will arrange all ship- 
ping. Call collect after 5:00 CST. (414) 965-3341. Denis Yanko. 
410 N. Summit. Oconomowoc. WI 53066. NEW PACKET RADIO PROGRAM for IBM PC's. A telecom 

program for ~riterfacing your PC with your packet controller. Spe- 
cial functions for GLB's. 5 page scrolling screen with cursor con- 
trol. Two types Btnary Ftle Transfers. 300-9600 bps. Keyboard 
Macros. 50 page manual. Split screens. Windows! Much more 
NON COPY PROTECTED. S49.95i $3.00 shipplng and handling. 
Kalt b Assoc~ates, Suite #138. 2440 E. Tudor Rd., Anchorage, 
AK 99507. 1907) 248-0133. Write for more Info. 

BUILD a Computer-Aided-Designed 6dB gain stacked vertical 
omnidirectional 2 meter antenna for less than $50.00 using  hard^ 
ware store materials. Send $5.00 for detailed plans and 
parts list. WD40QC. John De Armond, PO Box 3657. Cleve- 
land. TN 37311 

HOME and excellent ARS QTH for sale. 3 bedroom, 1-1 12 baths. 
1200 sq. ft., plus 700 sq. ft, shop and shack in separate, Insu- 
lated, heated and AIC bldg. on 2 acres of land In rural Georgia 
on paved road 25 minutes from Macon. $44,900 lf~rm). Write 
to W4TG. PO Box F. Gray, GA 31032. 

-- 
IBM-PC RTTYICW. CompRW II is the complete RTTYICW pro- 
gram for the IBM-PC and compatibles. Virtually any speed 
ASCII, BAUDOT, CW. Text entry via built-in editor! 10,000 
character transm~tlreceive buffers. Adjustable split screen dis- 
play. Instant modelspeed change. Hardcopy, diskcopy, break- 
in buffer, select calling, text file transfer, customizable full screen 
logging. 24 programmable 1000 character messages. Now with 
WRU lsimple mailbox). Ideal for MARS and traffic handling. 
Requires 128k PC, XT, AT, PCjr. PC-DOS, serial port. RS-232C 
TU $65. Send call letters (including MARS1 with order. Men- 
tlon Ham Radio Magazine and take $10 off. David A. Rice. 
KC2HO. 7373 Jessica Drive, North Syracuse. NY 13212. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo, CA 94806 

PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or write for information. A6A Engmeering. 7970 Orchid Drive. 
Buena Park. CA 90620. 17141 521-4160. 

RESISTORS any valuelquantity. 114 watt @I $.01. 112 watt 
@ 5.015 ($1 .W minomuml. Quantity discounts. 1.000 + .  Send 
wattagelsl, valuelsl, quantitylsl, and remittance. T.O.R.C.C.C. 
Electronics, Box 47148, Chicago, lllinois60647. 1312) 342-9171. 

COLLECTION of 40 Antique Radios and 22 Ham and drum 
Speakers. Many other items and parts all working. Blair Daley. 
KABOOH. Elsie, MI 48831. I5171 862-5228. 

TOWER FOR SALE Beautiful 70 foot fold over tower complete 
with Hy~Gilin rotor system and much more. You ship and I will 
sacrif~ce for $500. Worth over $3000 Call late evenings at I3191 
362-4606. 

R-390A RECEIVER. .5-30 MHz all modes. 4 mechanical filters, 
meters sealed (Government removed, operation unaffected): 
completelchecked $195, completelrepairable $115, spare pans 
unit 180% complete) $65. CPRC-26 Manpack Radio ldescribed 
in March 1985 Ham Radiol, transceives 46-54 MHz FM, with 
battery box. antenna. crystal. handset: $22.50 apiece. 
542.50lpair. Info SASE. CPRC-26 add 54lunit shipping. R-390A 
shipping chargescollect. Baytronics, Oept. HR. Box 591, San- 
dusky. OH 44870. 1419) 627-0460 evenings. 

COMING EVENTS WANTED: Regency XU000 transceiver or new 10 channel 
148-162 MHz or Wilson WH2510 PO Box 929. Blacksburg. VA 
24060-0929. 1703) 382-4458. Activities - "Places to go . . ." 
SCHEMATIC: Radio receivers 1920'sl60's. Send brand name, 
model No., SASE. Scaramella. PO Box 1, Woonsocket. RI 
02895-0001. 

THE GOOD SAM HAMS ~nvite RV operators to check In the 
Good Sam Ham net 14.240+ Sundays 19002 also 3.880+ Tues 
days at 2353Z. Net control N5BDN. Clarksville. IN 

WANTED set of good worklng d~rector and dr~ven element traps 
for Hy Gatn beam TH2MK2 TH3MK2 TH6DXX. TH5MK2 
TH7OXX acceotable Dav~d WOPCW POB 26 Halstead. 

CALIFORNIA: FCC exams, Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73. Gordon. W6NLG. VEC. 

MICHIGAN: The Southfield High School Amateur Radio Club 
is sponsoring their 201h annual Swap Et Shop, January 26. 
Southfield High School, 24675 Lahser, Southfield. Doors open 
6 AM for exhibitors. Public 8 AM to 3 PM. Admission $2 50. 
Reserved tables $20.00 lpaid in advance) for two 8 tt. tables. 
Additional reserved tables $10.00 each. Tables also 
available at door. For information and reservations: Robert 
Younker. Southfield High School, 24675 Lahser, Southfield. MI 
48034. 

NEW YORK: Yonkers Amateur Radio Club's Electronics Auc- 
tion. Sunday, January 26, Lemko Hall. 556 Yonkers Avenue. 
Yonkers. Inspection 9 AM to 10 AM. Auction starts promptly 
at 10 AM. Admission $3.00. Children under 8 free. Plenty of seats 
and parking. Unlimited free coffee all day. Club commission on 
successful sales only. 10% on first $100. 5% on remainder. 

Kansas 67056 
-- 

PACKETIASCIIIBAUDOTICW for IBM-PC. SASE to: Emile 
Alline. 773 Rosa. Metairie, LA 70005. 

OLD RADIO transcription discs wanted. Any size, speed. 
WFIZ, Box 724 HR. Redmond. WA 98073-0724. PRINTED CIRCUIT BOARDS TORCCC Electronics will print 

any scheniatic, C x 9 "  maximum, on a clrcuit board for $1.50 
(larger schematics- add $1.25 per additional 50 square inches). 
Send check and schematic to: TORCCC Electronas, 2161 North 
Californ~a. Chicago, Illinois 60647. 

.. 

RTTY-EXCLUSIVELY for the Amdteur Telepr~nter One year 
$10 00 Beginners RTTY Handbook $8 00 PO Box RY, Card~ff 
CA 92007 

SELL: TJBES 4D32 only $3500 each lnqunre on others 
Wanted Goriset a~rcraft monttor receaver reasonable Lew. 101 
East Dr~hwoodEt. Freder~cksburg. TX 78624 Tel512 997 2534 

TR-7 USERS: NB-7 Noise blanker Inewl $65.00 ppd. HS-75 
headset (padded) new $14.00 ppd. SL-300. SL-5M) CW filter 
$55.00 ea ppd. K3UKW. Tony Musero I2151 271-8898. 

WANTED NCllM receiver. Any condition. WZPUA, 112 Tilford 
Road. Somerdale. NJ 07083. 16%) 783-4175. UHF PARTS. We stock GaAs Fets. Trimmers, and many of 

those impossible to find parts for the UHF builder. For exam- 
ple: MGF 1202 at $10.00, F~nger Stock at $7.50 per 16" strlp. 
SASE brings list. Microwave Components. 11216 Cape Cod. 
Taylor. MI 48180 

SOUTH BEND, INDIANA: Hamfest Swap 6 Shop. January 5 
(first Sunday after New Year's Dayl Century Center downtown 
on US 33 onewav North between St. Joseoh Bank Bulldina and 

WANTED: Hy-Gain vertical antenna, converters for National 
receiver, old Hallicrafters receiver. K6KZT. 2255 Alexander, Los 
Osos. CA 93402. rlver lndustr~al h;story museum on same bhldlng carpeta half 

acre room. Open tables $1 per ft Four lane h~ghways to door 
from all dlrectlons Talk In freq: 52-52. 99-39. 93-33. 69-09. 
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DRAKE1 DRAKEI DRAKEI Complete statlon w~th  late model 
TR7AIOR7 transceiver and R7A receiver, speech processor 
speaker, power supply, fans, cross connect cables, manual Ask 
Ing $1550 Guaranteed excellent condlt~on or I pay lo< repad 
Gary Jordan. WA6TKT. 1012 Olmo Court. San Jose. CA 95129 
14081 257 2222 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. All classes 
Novice to Extra. Wednesday January 22,1966.7 PM. MIT Room 
1-134, 77 Mass Ave, Cambridge. MA. Reservations requested 
2 days in advance. Contact Ron Hoffmann 16171 
253-5820lM6-1641 or Craige Rodgers at 225-6616. Exam fee 
54.00. Bring copy of current license. 2 forms of picture ID and 
completed form 610 lavailable from FCC in Boston. 223-66091. 

WISCONSIN: The Wild Rivers Amateur Radio Club will hold 
their mid-winter swapfest. Sunday, February 16. 10 AM to 3 
PM. Spooner Experimental Farm east of Spooner on highway 
70. VE exams by advance registration only. Tables available. Talk 
in on 147.81121. For information: Tom Young, KD9FC. Route 
5. Bok 5239. Havward, WI 54843. 

OHIO: The Mansfield Mid-Winter HamfestlAuction, Sunday. 
February 16, Richland County Fairgrounds. Mansfield. Doors 
open to public 7 AM. Tickets $3.00 advance and $4.00 at door. 
Tables $5.00 advance and $6.00 at door. Talk in on 146.34194. 
WEWE. For informationlticketsltables SASE to Dean Wrasse. 
KBBMG, 1044 Beal Road, Mansfield, Ohio 44905 or phone (4191 
589-2415 after 3 PM EST. 

WANTED: Motorola HTZZCI's and HTlWs, VHF or UHF. PO 
Box 4344. Chatsworth, CA 91313. 

-- 
CABLE TV CONVERTERSIDESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold. Hamlin, Zenith-. Many others. 
Lowest dealer prices! Orders shipped withm 24 hours! Complete 
illustrated catalog. $2.00. Paclfic Cable Co.. Inc.. 
7325112 Reseda Blvd, #1008, Reseda, CA 91335 18181 716-5914. 

IC-25A FOR SALE: $225 or best offer. Good condition, used 
only as a mobile radio. Call Craig 16031 878-1441. 9-5 EST. M-F 
onk. 

-- 
2 METER AMP KITS: 8877 legal I!mit kit $395. XXB00A7 
900W kit $325. Also HV power supplies. CX6WN relays, parts 
and EME newsletter SASE for catalog. 2 Meter EME Bulle- 
tin. 417 Slaudaher St.. Bozernan. MT 59715 

ELECTRON TUBES - Radio 8 TV types 75% off list rice 
-huge Inventory! Also industrial types. Send for Free ta la -  
log loday or call Toll Free (800) 221-5802. Box HC. Trans- 
leteronics, Inc.. 1365 - 39th Slreet, Brooklyn, NY 11218. See 
our display ad t h ~ s  issue. 

MASSACHUSETTS: The Algonquin ARC w~l l  hold its annual 
Hamfest~Swapfest Electronic Flea Market. Sunday, February 
16. Marlboro Jun~or High School. Marlboro Doors open 8.30 
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Ham Radio's guide to help you find your loca a 
California 

- - 

C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE. CA 90504 
21 3-370-7451 
24 Hour: 800-421 -2258 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA. CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more. 
One mile off 1-95, no sales tax. 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
813-461-4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30. Sat. 9-3 

Y G  Dealers: col 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLAND, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-530, Sat. 9-3 

- - 

Georgia 
DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 
ICOM, Yaesu, Kenwood, KDK, Bird ... 
9AM-5:30PM 
We service what we sell. 

Hawaii 
HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. 

lllinois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-530 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Michigan 
ENCON PHOTOVOLTAICS 
Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
313-523-1850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WDBAHO 

Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 326-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, Icom, 
Kenwood 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service. low prices. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 891 06 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (8001 634-6227 
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Massachusetts 
James Millen Components by 
ANTENNAS ETC. 
16 HANSOM ROAD 
ANDOVER, MA 01810 
61 7-4757831 
Bezels, binding posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

Hours M-F 9-5:30, sat. 9-3 

New Jersey 
KJl ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 2394389 
Gene K2KJl 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Lar- 
sen. Lunar, Astron. Wholesale - retail. 

SHOULD BE HERE TOO! 
2ct Ham Radio now for complete details. 
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. New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
91 5 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-6666345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro, NC 27407 
1-91 4299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales & Service 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE. OH 44092(ClevelandArea) 
21 6-5857388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 45:30. Sat. 4 3  

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 

- 
1 Jensen's new catalog features hard-to- ! 

find precis~on tools, tool klts, tool cases I and test equ~pment used by ham radio 1 
operators, hobbyists, sclentlsts, en- 1 
gineers. laboratories and government 1 agencies. Call or write for your free copy 1 

LaRUE ELECTRONICS 
I 1  12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 
717-343-2124 
ICOM. Bird. Cushcraft. Beckrnan, 
Larsen. Amphenol, Astron. Belden. 
Antenna Specialists, W2AUMIPVS. 
Tokyo Hy-Power Labs. WEU,  Daiwa, 
Sony. Saxton. Vibroplex. Weller. 
THE VHF SHOP 
16 S. MOUNTAIN BLVD.. RTE. 309 
MOUNTAINTOP, PA 18707 
71 7-474-9399 
Lunar. Microwave Modules, ARCOS. 
Astron. KLM, Tama. Tonna-FSFT, 
UHF UnitsIParabolic. Santec. Tokyo 
Hy-Power. Dentron, Mirage. 
Amphenol. Belden 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 14-442-4200 
Wix .  Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

toaay 
Dept HR 
781 5 S 46th Street 

I 
Phoenlx. AZ 85044 1 
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CAT. NO. C-101 
Select pine 

Natural wax finish 

$21.95 pp. (u.s.A.) 

Quartz movement 
One Year Warranty 
Operate for full year on one AA Battery 
(not included.) 

Call or write: 
HANCOCK TOY SHOP 

P.O. Box 125 
Hancock. NH 03449 

(603) 525-4033 

MC-VISA-AMEX-Personal Checks 
Dealer inquiries invited. 

A L 

CINCINNATI. OHIO 45209 
(5 1 3) 53 1 -4499 
Mon-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood. Yaesu,  corn, 
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 
275-357-1400 
Same Location for over 30 Years. 

I DX EDGE 1 

SAVE SAVE 
SAVE SAVE 

1983-84 
ARRL 

AMATEUR RADIO 
CALL DIRECTORY 

WAS $15.75 

NOW $4.95 

SAVE $10.80 - Rpaw~:ddU50 loca*w  a s m a d h a n d l g  rn 
Ham Radio's Bookstore 

GREWVUE. M 03048 

.~ 

I GRAYLINE AND LONG PATH 
PREDICTOR I I ~ m t  circle Overlays 

20°. 30O. 8 40" Latitude (NSS) I . . 
$5 e+h 
$3 Whan purchased *tlh dYe rule OX Ed@ 
PIt?asc E O C ~ K  U 50 shtpplng and handllno I 
Ham Radio's Bookstore 
Greenville. NH 03048 
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--John J Meshna Jr, Inc. a- 

.@ 
P. 0. Box 62 19 AUertm St E Lynn, Ma 01 904 Tel: (61 7) 5952275 f 1 

COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CRT 4 
This is a great beginning for a computer terminal. I t  is a brand new, Panasonic, 9 "  8 TTL input monitor complete with its own self-contained, switching power supply. 
and a removeable (four screws) triple output  power supply. The whole assembly 12 
runs o n  11 5 1230 V, 50 160 Hz. Now for some specifics: 9 "  green phosphor, T T L  
input monitor, attached regulated 12 VDC, 1.5 A power supply used exclusively to  

the  monitor and an attached triple output  switching power supply with outputs  3 o f 5  VDCC'3.5A,+12 VDCG500 ma,and-12 VDC@5OOma. Theassemhly has &: mounting feet and should be a snap t o  make a case for. C o m a  with hook up  data. 
New, factory boxed. We are offering this to  you 4 ways: .a . . COMPLETE S E T - W  AS SHOWN, including monitor, low voltage supply and 

: t r ~ p l e  output  supply. SPL-116-38, 14 Lbs.. $50.00, 5lS225.00 

TRIPLE OUTPUT SUPPLY ONLY, SPL-117-38, 3 L b s .  $15.00 8 - 9 "  MONITOR ONLY. (you supply low voltage input)  SPL-114-38. 10 Lbs. $ 26.00 Monitor Chassis 
9"  MONITOR WILOW VOLTAGE SUPPLY ONLY, SPL-115-38. 12 Lbs. $40.00 w/Display Board 

We are now selling'guaranteed working starlight scopes vrrhich AmENTION: 
$$ allow,sight in almost total darkness. They are so named because ' 

I, they ~ncorporate a light amplificat~on tube which uses the wailable SECURITY PERSONNEL 
@: star or moon light to allow you to see - without being seen. The 

scope has a spectral response of 4,500 to 8.000 angstroms, NATURALISTS 
resolution of 50 lineslmm, viewing area of 25mm, standard 
50mm F1.4 lens, optional telephoto 135mm F2.8 lens. cross hair 

HOBBYISTS 
reticle and optional carrying cse .  A great tool for security and . naturalist applications. Runs on 9VDC transistor radio bnttery. NEW SEE-IN-THEDARK EQUIPMENT! 

. . Due to the nature of this device and people only having a one time 
p: use for it, m cannot accept returns for refund, credit or exchange 

on this item. To our knowledge, this is the lemt expensive starlight . scope on the market. lncludes 90 day warranty. 
'&: STARLIGHT SCOPE SPL-13OA-39 J1.2W.W 
R Optional Tdephoto Lens, 135mm F2.8 SPL-131A-39 W6.W 
?!  Optional Fitted Carrying Care SPL-132A-39 $66. W 
@: :g 

5 %" HARD DRIVE CONTROLLER CARD F 
Finally, affordable, intelligent disc drive controllers are available at  low, low surplus prices. The ? 
OMTI 20C controller boards we offer are unused, late style, surplus from a now defunct system 
house. OMTI is a division of Scientific Micro Systems. These boards will handle up to (2) 5% 
inch Winchester type hard drives that utilize a standard 34 pin SASI interface. Perfect for using 
with the above Seagate ST 506 drive, or other hard drives from 5 megabytes of storage on up. 
The controllers have buffered sledseek modes, overlapped seeks, auto seek & verify, extensive 

or 18 sectorsltrack (jumper selectable), programmable disc parameters and much more. The 

i 
fault detection, auto head & cylinder switching, full sector buffering, 2561512 bytesfsector, 33 

board runs on +5 vdc & + 12 vdc.. We supply users manual & pinout data. Guaranteed 0. K.. 
Shpg. wt. 3 lb. OMTI 20 C $1 50.00 each 2/$275.00 Qty. pricing available. 

1 
:.j 
I 

HIGH POWER SURVEILLANCE IR SCOPE This Infra-Red scope was designed specifically I'or long range surveillance 3 
use. The builpin, totally invisible, 50 wat t  halogen lamp IR source is 
coupled with a premium grade type 6032 image converter tube, 265 rnm 
f4.2 lens, and 16  power military spec., color corrected eyepiece make 

f 
this an ideal unit for viewing of clandestine activities o r  animals. The 
scope is capable of detection a t  more than 300 feet, recognition at  
300 feet and positive facial identification a t  150 feet. I t  runs o n  

1 
12VDC which makes i t  ideal for mobile use. It comes with a remove- 
able hand grip which allows for tripod mounting, 2 power cords for 
cigarette lighter o r  battery terminals, instructions and a 9 0 day 

B 
warranty. Listed below are accessories which make this a very 
versatile instrument. The scope and accessories are new and puaran- 
teed functional. Net wt. 5-1 14 Lbs. 

1 
I R  Scope part no. ELD Shpg. Wt. 7 Lbs. $735.00 ea. 

w. ACCESSORIES: .q 12 VDC GELL BATTERY for above. Shpg. Wt. 6 Lhs. $35.00 MALE "T" f1.6 CAMERA DAPTER for SLR camerar 
BIOCULAR EYEPIECE which can be used ~n place of the standard Shpg W t  1 Lb. $1 29.00 
eyepiece. This allows the scene being produced by the I R  viewer MALE "C" to FEMALE "T" ADAPTER for CCTV. requires use 

$89.95 

i 
.a to be seen by the operator up to 4 f t  away. 2 Lbs. of above male "T" f 1.6 adapter. Shpg Wt. 1 Lb. $29.95 



computer graphics 
become more powerful 

Next to word processing and 
accounting functions, graphics appli- 
cations are rapidly becoming one of 
the most widely used functions of 
microcomputers. Unfortunately, small 
computers of the AppleIlBM PC class 
have relatively modest memory and 
data rate capabilities, and sophisti- 
cated graphics applications require 
enormous processing ability. For 
example, the IBM PC, using one of its 
most advanced graphics adapter 
boards, is capable of producing a pic- 
ture consisting of 600 horizontal x 400 
vertical picture elements (pixels) with 
16 shades of gray (or 16 colors). This 
requires about 200,000 eight-bit bytes 
of memory, and can produce one full 
screen of picture each % second. To 
produce just one second of television- 
grade picture would require ten times 
the computer power of the PC, and to 
add the full 64 shades of gray that the 
average eye can discern would double 
that requirement again! 

But this is only the beginning. 
Advanced graphics applications such 
as computer aided engineering (CAE) 
require displays with 1200 x 1000 pixels 
and as many as 256 different colors. 
This requires memories capable of 
storing several hundred million bytes, 
computers operating at 5-10 million 
operations/second, and CRT data 
rates of up to 125 MHz. Typical of the 
computers in this class are the DEC 
VAX and the Gould 32/67 - half a mil- 
lion dollars without the chrome and 
tailfins. 

To produce full-color moving pic- 
tures of entertainment quality requires 
displays capable of 4000 x 4000 pixels 
with 1000 colors. The memory require- 
ments may be in the trillions of bytes, 
and the computers must be capable of 

nearly a billion operationslsecond. The 
CRAY supercomputer is one of the 
few in this class - and is priced at 
about $10 million! LucasFilm has 
reportedly invested in several CRAY's 
for the purpose of making movies that 
are 100 percent computer generated. 
Take heart, ATVers - these goodies 
should be available surplus in about 50 
years! 

super broadband amplifiers 
on the horizon 

We've become accustomed to the 
notion that "broadband" generally 
means that a circuit or amplifier can 
cover all of a given band of interest 
with the same characteristics that we 
would expect of a circuit optimized for 
a specific frequency. Recent advances 
in hybrid microwave IC's, however, are 
redefining the concept of "broad- 
band." Design groups at Philips 
Research in England have developed 
hybrid ICs using MESFETs that have 
measured bandwidths of nearly 12 
GHz with about 7 dB of gain, and a 
noise figure of less than 8 dB, 
Moreover, the unit is capable of over 
% watt of output over the entire band! 
Meanwhile, researchers at Hughes air- 
craft report an amplifier which is flat 
over the range from 2-40 GHz, giving 
8 dB of gain. Scientists at several other 
organizations are reporting similar 
results which would indicate great 
progress in the development of devices 
and circuit concepts. HEMT GaAs 
FETs promise very low noise and high 
gain at these frequencies, and new 
computer aided modeling techniques 
will be required to optimize the circuit 
layouts and structures required to yield 
these bandwidths. Silicon bipolar tran- 
sistors still seem to have plenty of life 
left for these applications. The AT200 
series from Avantek, used in oscillators 
at 20 GHz, demonstrates better stabil- 

ity and lower noise than GaAs designs, 
when followed by GaAs distributed 
amplifiers. Not surprisingly, the geo- 
metry and dimensions of the silicon 
devices is similar to the GaAs counter- 
part. Applications will initially be in 
highly sophisticated areas like elec- 
tronic warfare and in the terminal ends 
of optical signal processors, but within 
a few years we should see this capa- 
bility forming the basis for a whole new 
generation of lab and test equipment. 
Within a decade we could see low 
power transceivers that cover all the 
Amateur bands in a single unit. 

vacuum tube ICs 
make debut 

For the past several years investiga- 
tors have contemplated the notion of 
using techniques that implement the 
microgeometries of transistors in order 
to make vacuum tubes with cor- 
respondingly small dimensions. The 
advantages would include the charac- 
teristics that make tubes attractive - 
high-temperature operation, radiation 
resistance, and substantial forgiveness 
of voltage surges. 

Designers at Los Alamos National 
Laboratory have fabricated a vacuum 
tube "IC" that contains about 200 tri- 
odes and measures 40 mils on a side. 
It's expected that in about two years, 
devices that contain four to five times 
as many "tubes" and require only one- 
fourth as much space will be possible. 

Because of the inherent high- 
temperature capability of these 
devices, the thermal consequences of 
increasing active device density may 
not be as serious as with semiconduc- 
tors. It isn't yet clear that the small 
geometries associated with the 
"microtubes" translate to corre- 
spondingly improved high-frequency 
performance. 
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We just struck gold with a miniature, high qual- 
ity and very reliable DTMF decoder at a rock 
bottom price of $59.95. Our DTD-I will decode 
5040, 4 digit codes with the security of wrong 
digit reset. It contains a crystal controlled, single 
chip DTMF decoder that works great in bad sig- 
nal to noise environments and provides latched 
and momentary outputs. Why carry that heavy 
gear when its size is only 1.25 x 2.0 x .4 inches 
and it comes with our etched in stone, legendary, 
one year warranty. 

Instead of sifting through the field ... search- 
ing, use our super quick one day delivery and 
cash in on a rare find. 

r /  tn 

#COMMUNICATIONS k,," 8 8 F  SPECIA LISTS 
43, \ \  1.111 Avc.., Or i~ l i~c . .  CA 9?hhS-4?')0 
1~u;ll (711) OOX-3021 I A X  (7141 ')74-7-120 

m - 
C'M 

Entire U.S. A. 1-800-854-0547 ,-# 
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THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

One year warranty. 
-A patch should work with any 

radio. AM, FM, ACSB, relay 
switched or synthesized. 
Patch performance should not 
be dependent on the TIR speed 
of your radio. 

*Your patch should sound just 
like your home phone. 

*There should not be any sam- 
pling noises to distract you and 
rob important syllables. The 
best phone patches do not use 
,the cheap sampling method. 
(Did you know that the competi- 
tion uses VOX rather than 
sampling in their $1000 com- 
mercial model?) 
A patch should disconnect 
automatically i f  the number 
dialed is busy. 
A patch should be flexible. You 
should be able to use it 
simplex, repeater aided simplex, 
or semiduplex. 
A patch should allow you to 
manually connect any mobile or 
HT on your local repeater to the 
phone system for a fully 
automatic conversation. Some- 
one may need to report an 
emergency! 
A patch should not become er- 
ratic when the mobile is noisy. 
You should be able to use a 
power amplifier on your base to 
extend range. 

-You should be able to connect 
a patch to the MIC and EXT. 
speaker jack of your radio for a 
quick and effortless interface. 
You should be able to connect 
a patch to three points inside 
your radio (VOL high side, PlT, 
MIC) so that the patch does not 
interfere with the use of the 
radio and the VOL. and SQ. set- 
tings do not affect the patch. 
A patch should have MOV 
lightning protectors. 

*Your patch should be made in 
the USA where consultation 
and factory service are immed- 
ately available. (Beware of an 
inferior offshore copy of our 
former PRIVATE PATCH 11.) 

ONLY 
PRIVATE PATCH Ill 

GIVES YOU ALL 
OF THE ABOVE 

N PRIVATE PATCH Ill N 
E SIMPLEX SEMI-DUPLEX INTERCONNECT E 

With an amazingly low price, the all new PRIVATE PATCH Ill is the mosl 
powerful personal phone patch system available. You can use il 
simplex, repeater aided simplex (from your base) or semi-duplex (at the 
repeater). That's right, you will never have to buy another patch. 
PRIVATE PATCH Ill does it all! There are many new and importanl 
features which were formerly only available in our top commercial 
models. 
With a flick of the new connect switch you can patch your friends on the repeater into 
the phone system. One of them may need to report an emergency! 
No hassles with busy signals! If you call a number that Is busy, just put your MIC down 
and relax. PRIVATE PATCH Ill will disconnect automatically. 
The new CW ID keeps you completely informed as to patch status. ID occurs when you 
access and again when you disconnect. ID is also sent after toll call attempts, all 
automatic disconnects, manual disconnect and when timeout is imminent. And of 
course your CW ID chip is free. 
PRIVATE PATCH Ill does not interfere with the normal use of your base radio. A new 
audio preamp permits audio take off before the VOL control. As a result, the VOL and 
squelch settings do not affect patch operation. Of course you can also connect 
PRIVATE PATCH I11 to the MIC and WT speaker jacks as before. 
A new digit counting system makes the toll restrict positive even in areas where you do 
not have to dial "I" first. A secret five digit code disables the toll restrict for one toll call. 
Rearm is automatic. 
Additional new features: MOV lightning protection - Three digit access code (eg.*93) 
- Spare relay position on board - Plus former features: 316 minute timeout timer - 
Digital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plus 
much more! 
Why settle for a starter set? PRIVATE PATCH Ill provides you with commercial quality 
uninterrupted (cellular like) mobile telephone communications 24 hours a day. Send for 
our four page brochure today for complete details. 

DEALERS 
Ootions: AMATEUR ELECTRONIC SUPPLY MADISON ELECTRONICS SUPPLY 

FCC approved coupler 
12 VDC or 230 VAC power 

MIIw~uLP. W1 WICXI~IIP Oh 
Orlanno FL Clearwal~r FL 
Lar Wqas NV 

BARRY ELECTRONICS CORP 
Ncu Yorh NV 

COLES COMMUNICATIONS 
San Anlonm TX 

EQE. INC 
Wmdtvldge VA 

ERICKSON COMMUNICATIONS 
Cnlraqo IL 

HAM RADIO OUTLET 
Anah-im CA Btvl8nqame CA 
Oakland CA Pnonnl. A2 
San D I C ~ O  CA Van Nuyr CA 

HENRY RADIO 
LO$ Anoelr.~ CA 

INTERNATIONAL RADIO 
SYSTEMS 

M~drlli FL 

JUNS ELECTRONICS 
C" l "~ l  Clt" cn 

HI>"SIO" TX 

MIAMI RADIO CENTER CORP. 
Mldrnl F l  

MIKES ELECTRONICS 
FI Lau(lf.rtlale Msaml FL 

NLG DISTRIBUTINQ CURP. 
Mmm8 FL 

PACE ENOINEERNG 
Tucson AZ 

THE HAM STATION 
Evan$r~llp IN 

TEXAS TOWERS 
Plan0 1 X  

TNT RADIO SALES 
Rohhlnrdala MN 

WESTCOM 
San Marc03 CA 

CANADA' 
DOLLAR0 ELECTRONICS 

Vancower. BC 

(21 3) 373-6803 / la 

INCORPORATED 23731 Madison St., Torrance, CA 90505 
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The new TS-940s is a serious radio 
for the serious operator. Superb 
interference reduction circuits and 
high dynamic range receiver com- 
bine with superior transmitter 
design to give you no-nonsense, no 
compromise performance that gets 
your signals through! The exclusive 
multi-function LCD sub display 
graphically illustrates VBT, SSB 
slope, and other features. . : r 

S ~ ~ p r r  efflc~ent c:c)ollny system uslng 
spec~al alr d ~ ~ c t ~ n g  works w~t t i  thc Inter 
nnl hcnvy-d~rty power supply lo allow 
ronl~nuous triln!;ni~sslori at 11111 powcr 
o~r t l~ut  for pcr~ods cxceeti~ng one Iic~ur 

< - .  

Kenwood's Ilrilque transmitter des~gn 
delivers top "clual~ty Kenwood" sound. . , . , , , ,  . :  

Operallng frequenc~es may be d~rectly 
entered Into the TS-940s w~thout using 
the VFO knr h. 

, ,  - . .  
Excluslvr? n1ult1-funct~on 
LCD suti-d~splay panel 
shows CW VBT. SSB slope 
tuning, as well as fre- 
qlrency, tlmch, and AT-940 
antenna lunl?r status. 

. .  , 

Rernove "ro1tr.n QRM" w~ th  
I t i ~  SSL3 SIO~IP tuning. CW 
VBT. notch fllt~tr. AF tune. 
and CW p~lc h controls. 

AT-940 full range (160-10 rn) ilutornatlc 
antenna ILrncr SP-940 external 
speaker w~ th  :ILJC~IO f~lterlng Y(;-455C-1 
(500 HZ). YG-4S5CN-1 (250 Hi.). 
YK-88C-1 (500 HZI CW f~lters: 
YK-88A-1 ( 6  kHz) AM f~lter -VS-1 volce 
syntlir~s~rer SO1 lemperaturc~ 

~rrimpensaled crystal 
osc~llator MC-42s UP/ 
DOWN hand n i~c .  

MC-6OA. MC-80. MC-85 
d c l u x ~  base stallon rnics. 

PC-lA phone patch 
TL- 922A llnear arnpt~f~er 
SM-220 stallon rrion~tor 
B S ~ 8  pan d~splay 
SW-200A and 

S\V-2000 SWR and 
power meters. 
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