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m a t  To 
Look For In A 
Phone Patch 
-he hest wav to decide 
uhat patch is right for you 
s to first decide what a 
latch should do. A patch 
hould: 

4 Give complete control to 
the mobile, allowing full 
break in operation. 

q Not interfere with the 
normal operation of your 
base station. It should 
not require you to con- 
nert and dixonnect cab- 
les (or flip switches!) 
evey time you wish to 
use your radio as a nor- 
mal haw station. 

Not depend on volume or 
squelch settings of your 
radio. I t  should work the 
same regardless of what 
you do with these con- 
trols. 

* You should be able to 
hear vour hase station 
speaker with the patch 
installrd. Remember, you 
have a hase station he- 
cause there are mobiles. 
ONE OF THEM MIGHT 
NEED HELP. 

1 The patch should have 
standard features at 
no extra cost. These 
should include program- 
mahlr toll restrict (dip 
switches), tone or ro tay  
dialing. programmable 
pa tch  and  ac t i v i t y  
timers. and front panel 
indicators of channel and 
patch status. 

ONLY SMART PATCH 
HASALLOFTHE 
ABOVE. 

Now Mobile 
Dperators Can 
Enjoy An 
4ffordable 
Personal Phone 
Patch. . . 
1 Without an exprnsive 

rrpvat(-r. 
I Using any FM tranceiver 

as a haw statinn. 
* The secret is a SIMPLFX 

autopatch. The SMART 
PATCIf. 

SMART PATCH 
is Easy To Install 
ro install SMARTPATCH. 
:onnrct t l i r  n~ulticolored 
.ompurer stvle rihhr~n cahle 
o n ~ i c  audio. rrcriver 
liscriniinatnr. PTT. and 
)ewer. A modular phone 
.ord is providrd h ~ r  con- 
i ~c t i on  to vour phone sys- 
em. Sound siniple? . . . 
T IS! 

How To Use 
SMART PATCH 
I'lncing a call is ~ ~ n i p l e .  
S I ~ I ~  your access c < ~ d r  
from your mobile t ex an^. 
ple: '73). This hrings up 
the Patch and V I I ~  will 
hrar dial tone tranr~nittod 
from your hasp ~ i t a t i < ~ ~ i .  
Since SMART PATCH is 
rhecking about once per 
second to srr  if yotl want 
to dial, al l you havr 11, (lo 
is key your transmitter. 
then dial the ph~ in r  ~iuni. 
brr. Yo11 will now hrar 
the phone ring ancl some- 
one answer. Si~rce llla en- 
hanred control 5ystt.m r ~ f  
SMART PATCH is cot>- 
stantly checking to srr. if 
you wish to talk. yo11 nc,c,d 
to simply k w  your trans- 
mitter ancl t l i rn talk. 
That's right. you si~iiply 
key your transmitter lo 
interrupt the phone lint,. 
The hase station auto- 
matically stops tranamil- 
ling after you k ~ v  vour 
mir. SMART PATCH dnr5 
not rrquire any spe~inl 
lone equipment lo  rontrol 
your base station. It u n l -  
ples vey high heqi~c*nrw 
noise presrnl at yolir 
receivers dixriminator to 
determine if a mot~ile i* 
present. No words or .;vlla- 
hles are ever 1051. 

SMAR7 PATCH 
I s  AU You Need 
To AutomaticalIy 
Patch Your Base 
Station To Your 
Phone Line. 
I I \v SMART PATCH krr: 

Moliilr (or rrmotr I~asc,) 
to phone linr via Sinililc,~ 
hase. (see fig I. ) 

Mohile to Mobile v i i ~  in- 
terrnnnectrd haw sta- 
lions for extendrd ranqr. 
(see fig. 2.) 

Telephone line to ninhiie 
(or reniotr has('). 

SMART PATCH usr5 
SIMPLEX RASf! STA- 
TION EQUIPMENT. L l r  
your ordinaw l~asc, stn- 
tion. SMART PATCH 
dcbes this w i t l i ~ iu~  inter- 
fering with the t i~ ) rn i i~ l  
u w  vnur radio. 

WARRANTW 
Yf.5.  I80 days r r f  warran- 
ty protection. You cinlplv 
can't go wrong. 
An FCC type arcrlited 
ct~upler is n\iailahl~, k ~ r  
SMART PATCH. 

Communications Electronics Specialties. Inc. 
P.O. Hox 29:10. Winter Park. Florida 32790 
Telephone: (305) 645-0474 Or u U  toll-free (800)327-9956 
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The Smallest HT! , 
Kenwood's advanced technology brings 
in pocket/handheld transceivers! 

. + . . ,,.. . , ,  ,,. . . .  
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enough l o  "hit" most Iocnl 
repeaters, or n hal lcry- 
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shirl pockett I t  rneasurcs 
onlv 5; 12.211 W u 120 
;.I 721 H x ?8 (1 11 D rnm 
(~n!:ti\ and ivelghs 760 g 
( 5 7  Ihl with PB-21. 

* '  ,,,l(f, 7 . .  , ~ . , ! C , L ,  

, ~ !T,.! 3 

Covers 131.000-150 995 -~ - 

MHz in 5 kHz steps. 
1n::ludes cr l la in MARS and 
CAP I requ~nc ies  
TH-31AT/A: 220  000 -  

- 
' - ' 

you a new standard 

i:,;.! . . , .  . .  

[tip re[ h;jig1$11hI1~ t1;1tt6,1'q ,-iise sr\arps $,ec~lrely 
inlo I:II;ICP 0 ~ ~ 1 1 1 ~ 1 i n l  t - i l l :~ry 1 r : i 5 i~  and .~dapters 
,,?rp ;~v;III;II-IIP 
i' , ., , . '  . , , i , . l  ' . 8 . , . .  

t i  l ~ t i  I I I , '.r iill rr-?istanl. lo  retaln 
its attlnclivr sivl~ng, t7vrLn w ~ t h  t i i~ rd  LISC? 

Ser V ~ ~ I I I  : n~ I l ~o r i c~  v l t i i . n ~ v ~  nci ci~;iler and lake 
I~OIIII~ ;I L ~ O I  k,i~If111 (of l~r~rfi-itrnrtn<:~-~ lh)dav' 

TRIO-KENWOOD COMMUNICATIONS 
I l l 1  ,,!, I .;.' >tr,,,t ,I-, a I 

I .II,I.l i ! ! I , !  I.! ~ l l .  . ' I /  



Europe, Ja 
All s 

ham 

magazine 

contents 

13 spread spectrum and digital 
communication techniques: a primer 
Ted S. Rappaport, N9NB 

30 a packet radio primer 
David McLanahan, WAlFHB 

41 automatic frequency and deviation 
tester for packet radio 
John W. Langner, WB2OSZ 

55 ham radio techniques 
Bill Orr, W6SAI 

63 AMTOR, AX.25, and HERMES: 
a performance analysis of 
three systems 
Jerome T. Dijak, W9JD 

79 practically speaking 
Joe Carr, K41PV 

85 VHFIUHF world 
Joe Reisert, WlJR 

104 annual cumulative index 
(1981-1985) 

W6MGl's column, "The Guerri Report," will return 
next month. 

134 advertisers index 128 ham mart 
and reader service 121 new products 

8 comments 6 presstop 
98 DX forecaster 5 reflections 

132 flea market 8 short circuit 

December 1985 3 



Incredible Flexibility! 
T 0 Prioritv \Natc!i. 

The "Priority Watch" mode lets you 
keep an eye on an Important channel 

TheTM-2llA 2 m and them-411A when monltorlng other frequencies. 

TO cm transceivers combine ultra- - Extended fr~cruencv covoraqe on 2 m. 
compact size with an impressive TM-211A covers 142-149 MHz- 
array of features to give you maxi- ~nt:lutlc.s most LIARS and 
mum flexibility in mobile operations. CAP Irccl~~enc~es. 
TheTM-211A and theTM-411A may TM-411A ccvc.rs 438-450 MH; 
be stacked for even more operating Optiqtln! i l c c ~ c ~ o r i e s .  
flexibility! .CD l0  call s1q11 rl~sl~l:~y PS-430 DC 

F., i ' t , : i l :  speaker. power supply KF'S-7A power supl~ly 
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MC-42s rc?g~~i,ir UPIDOWN hand 
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';-channel memory w ~ l h  multiple 
ease.The panel may be MA-4000 du;tl t:l;intl rnc!t~~lc: antenna 

scanning f unc t i o~s .  
provide the best vlewlng angle and with dllplexer . SWT- 1 ! 2 2 nl 1 70 cm 
handlest access to controls. 100 W nntenn;~ t\iliers SW-10C)AlE The can scan the . DCS-olai!21 code  Sotlelc'l, 

channels or can be proglalnnied to SWRlpower melers PG-3A no~sp 

scan all or a portion of the band. 
Program your transceiver to respond tllter MD-201 fvtra ~no t l~ le  Irlotlnl 

2 5  watts hiqh power. 
5 (aolustable to approx. 15 watts) low. 

new s~gnalllng concept. U~gllnl Cotle 
Sq~lelch. DCS uses a data slrlng to open 
squelch on a recrlver that has heen pro- More product lnforrnation IS ava~lable 
grammecj to accept Ihr Iransni~lted from author~zed Kenwood dealers. 
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The CD-10 may he used wllh any 



another revolution 

We are in the midst of another revolution, albeit a peaceful one. Packet Radio and other forms 
of digital communications have arrived. Previously staunch users of the various forms of AM and 
FM have found themselves drawn into the world of zeros and ones and are talking to each other 
with ever-increasing speeds, efficiencies, and applications. For example, on 220 MHz and higher, 
up to 5600 characters per second transmission link speeds are both theoretically and legally possible. 
Passing the same amount of data on CW would require a sending speed of approximately 60,000 
wpm - almost a thousand times faster than Ted McElroy's long-standing Morse code record. 

Of course the proliferation of personal computers has had an important influence on this process, 
but I still attribute the rapid growth of this field to the inquisitive, intelligent, and practical mind of 
the Radio Amateur. For as soon as the first generation of Terminal Node Controllers (the interface 
between the terminal and the radio) became available, user groups formed and began developing 
applications ranging from direct message-passing to Packet Bulletin Board Systems (PBBSs). 

Though most Packet activity occurs on VHF (in large measure on 145.010 MHz), this does not 
restrict transmissions to short distances. In fact, as of this date, a large section of each coast is inter- 
linked by a series of digital repeaters, or as they're better known, "digipeaters." 

The startling growth rate of this mode became quite obvious as we prepared David McLanahan's 
article, "A Packet Radio Primer," for publication. Space was allocated for the April 10 version of 
the East Coast packet map shown on page 33. By September 10, activity increased dramatically and 
the size of the map doubled. This represents an increase of approximately 100 percent in the number 
of digipeaters, PBBSs, and home stations used predominantly for digipeating. 

It seems particularly appropriate to consider this subject this month. December is, after all, a time 
of hope and renewal. In the past we've seen exciting developments - such as SSB, FM, and com- 
puters - make their mark on Amateur Radio. Will digital communications be the next logical step 
in this evolutionary process? 

Turn the pages of this month's ham radio and see when and why the different forms of Packet 
Radio are appropriately used. And while you're on the subject, see how and why some hams have 
been experimenting with spread spectrum transmissions, once the exclusive domain of the military. 

To paraphrase a well known soft drink manufacturer's slogan, "We're the Packet generation." Read 
on and see where you might fit in. 

Rich Rosen, KZRR 
Editor-in-Chief 
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THE AVERAGE U.S. AMATEUR IS  JUST OVER 46 YEARS OLD, FCC's analys is  o f  l a s t  A p r i l ' s  Form 
610s ind icates.  A de ta i l ed  study of a l l  t h a t  month's 9632 app l i ca t ions  ( a l l  new l icensee, 
renewals, and modi f icat ions)  shows Novices t o  be the  youngest, w i th  an average age of 38.5. 
Techs average 45. 1; Extras, 47.;: Generals, 50; Advanced, 51.8. By c a l l  areas, 9 th  d i s t r i c t  
Novices wer-e t he  youngest, a t  35.6, and 0 d i s t r i c t  Advanced t he  o ldest ,  a t  55. 

The U.S. Amateur Populat ior~ Increased 0.65% Dctrina FCC's F i sca l  1985 (ending October I), 
though the  number of new Amateurs ac tua l l y  decreased by 7.6%. 17,373 newcomers joined Amateur 
ranks l a s t  year, whi le  14,709 dropouts l e f t  t he  year 's  end t o t a l  412,587. Largest percentage 
increase by l i cense  c lass  was i n  Extras, up 2,344 t o  almost 38,000. 

SOME MEANS SHOULD BE ESTABLISHED FOR "CERTIFYING" FREOUENCY COORDINATORS on a s t a t e  or  
reg ional  basis,  as t he re ' s  apparent ly no i n t e r e s t  i n  es tab l i sh ing  a "National Coordinator," 
FCC Safety and Special Services Chief Ray Kowalski suggested i n  h i s  comments dur ing the  FM 
forum a t  the  ARRL Nat ional Convention i n  L o u i s v i l l e .  "Ce r t i f i ed "  coordinators would be those 
establ ished and genera l ly  recognized f o r  a given area; an e ight -po in t  p lan i s  t o  be developed 
f o r  determining appropriate q u a l i f i c a t i o n s  and the  method o f  fo rma l i z ing  such c e r t i f i c a t i o n .  
Though the  p lan  i s  t o  be publ ished i n  the  ARRL's Repeater Coordinators' Newsletter when 
completed, the  League i s  s p e c i f i c a l l y  NOT p a r t i c i p a t i n g  i n  developing the  plan. 

Texas's Recoordination To 20 kHz Spaci~iq On 2 Meters Has Been Completed, w i t h  the  actual  
r l ~ i f t  throughout the s t a t e  expected t o  be complete by t he  end o f  November. 

ARRL'S PROPOSAL TO PERMIT NOVICES PHONE PRIVILEGES probably won't be worked on a t  the FCC 
u n t i l  ea r l y  1986, meaning t ha t  an NPRM won't be out 1.tnti1 l a t e  spr ing a t  t he  e a r l i e s t .  So f a r  
there seems t o  be considerable d i v i s i o n  i n  the  Amateut- ranks on the  issue, bctt the  age 
f  igt.tres i r ~  ui.lr- lead i tem c -e r t a i r ~ l y  i nd i ca te  some change i s  needed. 

Japanese CBet-s Have Invaded The Lower End O f  10 Meters, PZ9JS repor ts  i n  a le t te r -  t o  t he  
Socctt~erc~ Cal i f  or r i ia  DX Bctl l e t  in .  lie ' s  been hear-ir~g Japa~~ese cha t te r  a1 1 the  way up t o  28585 
IHz, but without any i nd i ca t i on  of any "JAW ca l l s igns .  

METROPLEX HAS BEEN NAMED THE FOURTH NATIONAL VEC e f f e c t i v e  September 19, t he  FCC has 
announced. Metroplex, oroe o f  the  very f i r s t  reg ional  VECs, i s  now ac t i ve l y  seeking VEa I n  
other c a l l  areas. Ca l l  Alex Magocsl , WHZMGB, a t  (201) 592-6243 f o r  information. 

18 Regional And Three Nat ional VECs Have Expressed I n t e res t  I n  Jo in inq CARE (Council of  
Amateur Radio Examining), which i s  now wel l  along the  road toward becoming a v i ab l e  
organizat ion and expects t o  be incorporated as a no t - f o r - p ro f i t  corporat ion under I l l i n o i s  
law before the  end of t he  year. Jim Georgias, WSJUG, can prov ide f u r t he r  information. 

AFTERSH0CV.S FROM NEWS MEDIA EXPLOITATION OF AMATEUR FREQUENCIES dur ing t he  Mexico C i t y  
earthquake d isaster  are s t i l l  g ~ i n g  on, w i th  both the  FCC and some of the  of fending news 
organizat ions on the rece iv ing  end of complaints by concerned Amateurs. Ei/en some media 
people have themselves adrni t t e d  f ee l i ng  t ha t  t he  s i t u a t i o n  went f a r  beyond reason, though 
most d i d  no t  want t o  be quoted on the issue. Pre l i f i i na ry  discussions between the  FCC and both 
tlhe Radiu and TV News D i rec to rs  Associat ion and the Nat ional Associat ion o f  Broadcasters have 
repor ted ly  tal:en place, w i th  hope tha t  acceptable gu ide l ines f o r  Amateur Radio/media 
caoperation can be set  up before the next c r i s i s  occurs. The FCC had thought i t  had defined 
the  limitations i n  i t s  Report and Order on RC Docket 79-47. but  a widely d i s t r i b u t e d  indus t ry  
~ r ~ t e r p r e t . a t i u n  of tlbe FCC's ac t ion  l e f t  many i n  t he  indus t ry  w i t h  the  impression t ha t  Amateur 
Hadlo war f o r  t h e i r  use p r e t t y  much as des i red!  

The FCC I s  In terested I n  Reports Of Spec i f i c  Media Incursions_ dur ing the  Mexico C i t y  
c r i s i s ;  they must be f i r s t -person  and spec i f i c  enough t o  be r e l a t ed  t o  a spec i f i c  news 
organizat ion. Send them t o  Raymond Kowalski, Chief, Safety and Special Services. FCC, 1919 M 
S t . ,  NE, Wasl~i~ngton D.C. 20554; tapes of abuses would be p a r t i c u l a r l y  welcome. 

Ttig I s s u e  O f  .".Nqn~.kI.l,ectr-"  use^ O f  Amate~.tr Freqc!efi.c-l_e~ i s an on-going issue t h a t  can ' t be 
ignut-ed; the  recent p e t i t i o n  by a low-power 1-V broadcastet- t o  use freqcter~cies on the  70-cm 
Amateur band f o r  TV remotes, and the  establishment of a "p ro tec t ion  zone" along the  Canadian 
border f o r  Canadian 420-430 MHz commercial users, are cases i n  po in t .  

STIILL MORE "HAM 1N SPACE" OPERATIONS FROM SPACE SHUTTLES are shaping up f o r  next year. 
GMSAT member Dr. Ron Parlse, WA4SIR. has been selecteti t o  f l y  on Mission 6 lE  i n  March, whi le  
Dr. Owen Garrzot t ,  WSLFL, i s  scheduled f o r  mission 61k, now set  f o r  next September. 

GEOSYNCHRONOUS AMATEUR SATELLITES ARE STARTING TO LOOC l i k e  r e a l  possibilities, according 
t o  AMSAl. E a r l l e r ,  NASA had sa ld  i t  might prov ide Omateur Kadio capability on one of i t s  
Advanced Communications Technology S a t e l l i t e s  (ACTS), and now i t  appears an AMSAT transponder 
("Fhase 4") may f i n d  a spot on the same b i rd .  I n  addi t ion,  Arianespace may a lso  be able t o  
pt-ovide a p~ggy-bac l  launch opportunity f o r  an Amateur transponder I n t o  geosynchronous o r b i t .  
APiSAT o f + i c i a l s  are now reviewing the  p o s s i b l l i t l e s ,  w l th  p a r t ~ c u l a r  i n t e r e s t  i n  
incorporating new approaches and capab i l t i e s  i n  an Amateur proposal. 
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You mav not be able 
to solve the world's ~roblems. 

But at least you c6n listen. 

Sonic 

The ranasonic Command Series: With double superheterodyne 
tuning, you'll hear the world loud and clear. 

Now it's easy to listen in on the world's hot spots. Both the RF-B600 and the RF-B300 are packed with 
With the Panasonic RF-B600 Command Series features and built to go anywhere. 
FMILWIMWISW receiver. The Panasonic Command Series offers something 

Its advanced microcom~uter-controlled tuner lets for wervone. With eaui~ment so~histicated enou~h to 
you preset up to nine d i f f k n t  frequencies. And reach 
them at the touch of a button. Or, press the appropriate 
buttons and tune in any desired frequency with direct- 
access digital tuning. It'll lock right in to every signal 
with a PLL quartz-synthesized tuner. Once tuned in, the 
Panasonic double superheterodyne system helps deliver 
a clean, consistent signal. 

There's even built-in auto-tuning to let you scan the 
shortwave band automatically, as well as manually. All 
this means you can tune in Berlin, pick up Paris, or locate 
London in an instant. Without dialina all over the band. 

impress?he most 
avid enthusiast, and 
automatic features 
that get you where 
you want to be. Fast. 

There's a whole 
world out there 
that's waiting to be 
heard. Tune in to it 
with the Panasonic 
Command Series. 

Batterper not vncluded Panasonic. 
just slightly ahead of our time: 



A Realistic Simulation of 
O n - t h e - A i r ,  Two-Way 
Morse Code ' R a g c h e w '  
Contacts (QSOs). 

Makes Upgrading of Morse 
Skills Easy and Fun 
Does Away With Drudgery 
Skilled Operators Enjoy 
the Realism 
Operate Anytime-Re- 
quires Only a Commodore 
G84 (or G128) and A TV Set 
Removes the "Mystery" of 
what to Say in On-the-Air 
Contacts 
Excellent Practice for Be- 
ginners and Old "Pro's" 
Standard Format and Com- 
mon Abbreviations Used 
for All Exchanges 
Send Morse with your key- 
board 
Select Appropriate QRM 
and QRN Levels 
Select the Portion of the 
'Rand'-Novice or Low 
End 

Prirw and Specinrelions Suhj t~ l  In Chmm Wilhoul 
Notice or Ohliml~on 

ADVANCED ELECTRONICS APPLICATIONS. INC. 
P.O. Box C.2160. Lynn*ood, WA 88036 

TELEX: 69724% 
AEA INTL UW 

comments 
I Dear HR: 

[ In response to I(A0DOE's letter in 
the September, 1985, issue of ham 
radio (Comments, page 151 1 have only 
one comment. The total function of 
the Novice Amateur Radio license is to 
introduce the public to Amateur Radio 
Service by giving them simple privi- 
leges on a few selected portions of the 
Amateur Radio bands and a very sim- 
ple but effective mode of transmission 
called CW or Radiotelegraphy. Then 
it's up to the individual to make that 
committment to  upgrade to the higher 
grade license and more privileges. 

Bi l l  Eaton, WBlCX l  
Channelview, Texas 

something for nothing 
Dear HR: 

Unlike KAQDOE, I read July's 
"Presstop" (page 61 with horror and 
disgust. The present-day attitude of 
rewarding hams for doing absolutely 
nothing will be the biggest reason for 
the ultimate death of the hobby. 

Why are unearned extensions of 
band privileges the only thing that can 
help encourage these operators? 
Aren't there myriad challenges avail- 
able to try the patience and ingenuity 
of any class of Amateur today? Will 
more "entertaining" modes give us 
any "more to encourage us to seek out 
our full potential as operators?" 

At  the beginning of World War II, 
Amateur Radio operators provided a 
highly proficient cadre of electronics 
technicians and skilled instructors to 
the United States. Let me propose a 
calamity today. What functions could 
a group of Amateurs provide whose 

only claim to technical skill is the abil- 
ity to box up their equipment and get 
it to the United Parcel Service? 

I was granted a Class B license in 
1947 and, one year later, passed the 
Class A examination. Can I now cry 
out that I have been a good and faith- 
ful ham for 38 years, so I deserve an 
Extra Class license? Hell, no! I must get 
my old brain in gear and hit the books 
and suffer my way back to 20 words 
per minute. That is one of the basic 
challenges of Amateur Radio. The 
frightening thing about "glorified CB 
operators" is not only the terrible oper- 
ating practices that a lot of them 
demonstrate, but the "something for 
nothing" syndrome that fosters these 
practices. 

If a soldier received the Purple Heart 
for falling off the back of a 6x6 when 
he was drunk, it would degrade the 
sacrifice of all the others who proudly 
wear that decoration. The time and 
effort spent to upgrade a license is vital 
to  the spirit of Amateur Radio. With 
it comes the understanding of the priv- 
ilege granted us to use certain parts of 
the radio spectrum. And with that 
understanding comes the resolve to 
operate legally and properly. 

I raised my children to realize that 
they were due only what they were 
willing to expend their time and effort 
to gain. There is, and certainly should 
be, no free lunch. In like manner, I do 
not condone any unearned privileges 
for any Amateur Radio operator. 

Joe Weite, KHGGDR 
Makakilo, Hawaii 

short circuit 
75-meter transceiver 
The PC board art shown in 
KIBQT's article, "A Compact 
75-meter Monoband Transceiver" 
(November, 1985, page 131 is 
incorrectly sized. For a complete, 
corrected set of board art suitable 
for reproduction, send a stamped, 
self-addressed No. 10 (business- 
sized) envelope to ham radio, 
Greenville, New Hampshire 03048. 



MFJ'S BEST 300 WATT TUNER NOW GIVES YOU A CROSS-NEEDLE METER THAT READS SWR, F O R W A R I ~  
AND REFLECTED POWER - ALL AT A GLANCE. YOU get quanty mnvenlences and a clutter-tree shack at a super prlce. 

A now crass-nwdla SWR/Wamnstsr oives w u  SWR. lorward and retlecied 
~~ ~~~~. . 

power-all at a single glance. SWR is auknatl&lly wmputed with no controls to 
set. Has 30 and 300 wart scaleon easy-to-read 2 color llghted rneter (needs 12 V). 

A handsome new black brushed alumlnum cablnet malches an the new rigs. Its 
mmpact size (10 x 3 x 7 Inches) takes only a llttle room. 

You can run full transceiver power output-up !o 300 watts RF output-and 
match wax, balanced llnes or random wires from I .8 thru 30 MHz. Use It to tune 
out SWR on dipoles, vees, long wires, vertlcah, whips, beams and quads. 
A 300 wan 50 ohm dummy load glves you quick tune ups and aLersallle six posl- 

tlon antenna switch lets you select 2wax lines (direct or thru tuner), random wire 
or bala~lced line and dummy load. 
A laroa sfflclant almound Inductor-3 lnches in diameter-dives Wu plenty Of 

MFJ-949~ MFJ's M 3 0 0  wan tuner IS now wen ba tar~  mafch'hg range and less losses for more watts out. IDOO vo~itunlng ckaci; 

$1 4gg5 
Ths MFJ-WC all-Inone Deluxe V a m  Tuner II glves tors and heavy duly switches gives you safe arc-free operaflon. A 4:l balun Is 

youatuner, cross-needle SWRNattmeter, dummy load, built-in to match balanced Ilnes. 
antenna swltch a:~d balun in anew wmpact cabinet. Ordrr your convenlenm plclopr now and miln~q. 

A 

SUPER 
KEYBOARD/* MFJ-4% 1 

M m  slrthnd W% to $169.951 Get a lull f e a l u r  
Super Keyboard that sends CWIRTTY/ASCII for 
the prlce of a good memory keyer. 
You get the convanlance of I dedlclW lnvborrd 

--no program to load-no Interface to connect- 
lust turn It on and It's ready to use. 
Thlc 5 moda Super Kqbolrd lets you send CW. 

Baudot. ASCII, use It as a memory keyer and for 
Morse Code pract ce. YOU get lei! buffer, pro- 
orammable and a~tomatlc messaoe memorles. 
kror  deletion, buffer preloao, b;ifer hold. 
A 256 chsndar keyboard bufter glves you per- 

fect CW even il you "hunt and peck". A meter 
reads CW speed and buffer remaining. 4 mes- 
sage memorles lets you store up to 256 charat- 
ters. 4 oreoroarammed messaoes lets w u  send 
CQ CQ'DE. ~b TEST DE. DE: QRZ.  as speed 
welght, tone and volume pots that remembers 
tnelr settlnas even alter wwer 1s turned off Send 
M) WPM ~ i ~ d o t  and tdO baud ASCII. 

You u n  use It IS a deluxe full fet tun mmq 
kye r  thal has aulomatlc and programmable 
memories, Iambic operatlon, dotdash memorles. 
Has random and pseudo random code generator. 

~ u t o m ~ l c  serlsl'numbrrlng, message repea- 
tlng. tulleswitch. shielded lor RFI. 12 VDCor 110 
VAC with MFJ-1312, $9.95. 12 x 7 x 3'/2 Inches. 

CROSS-NEEDLE SWR/WATT 
METER MFJHS $59.95 

MFJ't croswwedlr 

- 
-no witrols to adjust. Easy to-use push 
bunons select thrw power ranges that glve yob 
ORPtolull leaal llmlt mwer reaUtnos Reads 20/ 
~12000 W fkvtard, 5150/500 W r~flected and 1:l 
to 1:5 SWRon easy-tofead twomlor sale. Llghf- 
ed meter. Needs 12 V. lull scale aCCUraCy. 
6% x 3% x 4% Inches. 

2 K W  COAX 
SWITCHES MFJ-1m 

I n s t r m  select ctnv 519.95 
antenna or rlg by ' 

lurnlng B knob. Or- M9.95 M F J - l m  

your equipment lor stray RF, staticand lightning. 
2 KW PEP. 1 KW CW. For 5010 75ohm. Negllglbl~ 
loss. SWR, and crosstalkgives high performance. 
50-239s. Convenient desk or wan mounting. 

MFJ-17m. 119.95. 2 posltlons. Cast aumlnum 
cavlty mnstructton glves excellent pertormance 
uo to 500 MHz wlth oener tnan 60 dB lsalal~on a! -r .- - 
450 MHz. ~eavy  duty, low loss switch has less 
than X) mllllohrn contact reslstance. less than 0.2 
dB lossand SWR below 1:l.Z. 2 x 2% x 1 inches. 

MFJ-1IM. $29.95.6 posltlon:. White markable 
1 surfate for recording ant. posltlons. 8'/z x ll/z x 3 In. 

ANTENNACURRENT 
PROBE M F C ~  $79.95 
Thls n a  bruklhru MFJ Antanm 

Currant Pmbr lets you monltor RF 
antenna currents-no mnnectlons 
needed! Determine current dlstri- 
butlon. RF radlallon pattern and 
polarlzallon of antennas, transmls- 
slon lines, ground leads, bulldlng 
wlrlng, guy wires and enclosures. 

Indlcata tnnsmlulon Ilns ndlatlm due to hlah 
SWR, poor shielding or antenna unbalance. 1 Oatat rrndlatlon from raln gutters and guy 
wires that can distort antenna lleld patterns. 

Detect RF ndlatlon from ground leaus, p o w  
cords or bullding wring that can cause RFI. 

Ostrnnlne I1 grwnd system is eftedlve. 
Plnpolnt RF Iwkrge In shlelded enclosures. 
Locate the best placa for your mobtle antenna. 
Uaa as tuned flelo strenght rneter. 

Monlton RF currant by senslng magnetic field. 
Uses an electroslatlcany shielded fsrrlte mre, FET 
RF ampllfler, op-amp meter circult for excellent 
jensltlvlty. selectlvlty. 1.8-30 MHz. Haf sensl- 
tlvlty, bandswitch, tune mntrols, telesCOplng ah- 
tenna for fleld strenght meter. 4 x 2 x 2 inches. 

OBLIGATION. IF NOT SATISFIED. RETURN WITH- 
IN JO DAYS FOR PROMPT REFUND (ImS rhlpplng). 

One year uncondltlonsl guarantee Made in USA 
Add $5.00 each shippinglhandllng Call or wrlte MFJ ENTERPRISES, INC. 

Box 494. Mississ~ppi Stale. MS39762 

DIGITAL SWR/WATTMETER -- 

Fully automtlc Olpltrl SWRIWanmeter reads 
SWR 1:l to 1:9.9dIrectlvand ~nstantaneouslv-no 
SWR knob to set. ~ u g e  0.6 inch bright orange 
dlglrs make acroswne-room readlng easy 1 2  
wment  LED Dar OraDh wattmeter mves Instan- 
taneous PEP readl6gs up to MO wait RF output. 

Good, bad. mlsmrtch trkator LEOS lndlute 
SWR condltlons. Smail size (5% x 4% x 1 In.) and 
easy-to-reau digital display makes It Ideal for mo- 
bile use. For 50 ohm systems. 1.E-30 MHz. 12 
VDC or 110 VAC wlth MFJ-1312. 8.95. 

MOBILE ANTENNA MATCHER 
M F ~ O  $19.95 
Lower your SWR m d  

gal mom pawer Into 
your moblle whlp for *' 
solid slgnais and 
more OSOs. 
Your sol~d stale rig putsout more power and gen- 
erates less heal. For lD80 meter whips. Easy plug 
-In Installallon. Complete lnstructlons on how best 
to lower SWR. Flts anywhere. 2% x 2% lnches. 

TRIPLE OUTPUT LAB POWER 
SUPPLY MFJ- $149.95 

Trlple output lab qu~l l ty  power supply g~ves you 
plenty ol voltaye and current for ali your analog 
and dlgltal circuits. You get 3 cornplatsty Isol~tsd 
outputs: 2 vatlable 1.5-20 VOC at 0.5 amp and a 
lixed 5 VDC at 1 amp. Connect in series or par- 
anel for hlgher voltabe and current. It's short clr- 
cult protected. has excellent line (typlcdny 0.01% 
IV) and load regulation (typically 0.1%). 2 Ilght- 
ad 3 Inch pfatlslon mabn  monitor volt@e and 
current simultaneously. It's ruggedly built sa 
you'll get many years of trouble free service. 12 x 
3 x 6 lnches. I10 VAC wlth safety ground. 

TOOROERORFORYOURNEAREST 
DEALER. CALL TOLL-FREE 

;r.nt 

800-647-1 800 
Can €01-323-5869 in Mlss, and outslde - J mntlnental USA Telex 53-4590 MFJ STKV 

M o r e  Details? CHECK-OFF Page 134 r /  151 December 1985 9 



HAND-HELDS SIMPLEX- REPEATER-SATELLITE 

TR-2600A D e o a m ~ ~ r  
rrWI.earned repulalon 
as Ihn leading HT 

TH-ZlATl4 lAT MA40 40' TUBULAR H.D. MAST 

hllslamng mrbrm(.m 
man deal pacraqa urn 

MA-550 55'TUBULAR H.D. MAST 

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

2. Pleases neighbors with 
tubular streamlined look 

3. In stock for quick delivery 

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

IC-47A. 70CM SAVE! 

TOP-OF-THE-L INE H F  TRANSCEIVER 

PAY REGULAR PRICE S m  

YOUR LOW, 
TRANSCEIVER 



YAM 
a RADIL 

OUTLET h 

- 
i . ,  / '  , . 

,lo" r 6 " " l " ( l ~ " ,  
I '.' . . a  . : 

,#"'!A,,, "7, "W, W' %' 
Y I P  C.lil il, A".- Y 

, (  1 .  i . 1  .I , . 
o e m r  ,"Pa".." WllW.7" 

,, , ,  
a r ~  ~a, , . t  o..*.m CALIF. AND ARIZONA CUSTOMtHS GALL OH VISII NEAHEST STORE 
me. ","<I* Am,. 

OLE"* - rn . s -m=+s  PHONE HOURS: 9:30 AM TO 9 3 0  PM PACIFIC TIME. 
1 1  ""*#I. n n  *"". 

do,_ .rill ..... *.*I to .llIOY STORE HOURS: 10 AM to 5:30 PM Mon. through Sat. J 
L 

ANAHEIM. CA 928M OAKLAND, CA 94808 SAN DIEGO. CA 92123 
2620 W. La Palrna. 2811 Telegraph Ave.. 5375 Kearny Villa Road. 

1714) 761.3033. 1213) 860-2040, 1415) 451-5757. 1619) 560.4900. ~~~. 
~ e t i e e n  Dlsnevland h ~ n b t t s  Berry Farm Hoghwav 24 Lkwnlown. Left 27th oll.ramp. Highway 16; and Ctanremonl Mesa Blvd 

BURLINGAME. CA 94MO PHOENIX. AZ 8 5 M S  VAN NUYS, CA 91401 
990 Howard Ave.. 1702 W.  Carnelback Road. 6265 Sepulveda Blvd.. 

(415) 342.5757. (602) 242-3515. (818) 988.2212 
5 miles soulh on 101 trom San Fran. Airport 141 Easl ol Highway 17 Sen Dlego Freeway al  Victory Boulevard 

* I *  . A , ,  1.. , . . I . . .  . .",, . J h * .  h . .  I * .  I,..,. I , ,  ,. . A "  , . . , ,  . ...., ..,. . ,* , , ( . ." .  :/."./ 

."'.",*.., . 1*..I'< ".*. .A*.,**. . I ""I.. . .,US', . I , . * -  4.). . " , * * .< . .~ i . " ,U . , . "~ . ,L . , . *  .... " ' 1 . .  : ..,. .. . 1 , 3  , . .  "..* , . , *  3,. ...,, ,'U 
~ . ~ i ,  . r  .*., . .rn. . ;iu-ir. ~ I A < + .  . I,. r r  . " r a - t  . : I .  I U , , ~  . I u r .  . . u r  . ui, n I 5 ,  . ~ i ~ i t  ra , :> t , ,  '.. . . \  yta i . I  I .N , . . . A + ,  , ,....... 
ti ,  ' I * . , t , * ( . . , * .A.U:  .HI' '*n* ,,I. , I I ~ R . * . L  . " " < l : I R . * .  <.l*., ,.". UIII .,,, . w , r  . - A ,  Uli . . r<, I I . . . . i . * , . l l f .  



M 3 h r * ~  n rr\-rlPC Kantronics out 
the competition 

Presenting three intelligent, versatile, 
compatible terminal units. 

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

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

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

U T U - X T  The UTU-XT is an enhanced 
version of the UTU. Programmable baud 
rates, tone frequencies, and tone shifts give 
special versatility. Automatic Gain Control and 
Threshold Correction circuits greatly enhance 
sensitivity and selectivity. A RTTY signal 
detect circuit mutes copy with no carrier, and 
the CW filter center frequency and bandwidth 
are programmable. Power supply is provided. 
Suggested retail $359.95. 

Packet Comnic!nir:aIo~~ Kantronics 
joined the Packet Radio revolution with the 
Packet Communicator. The unit is an AX.251 
Vancouver compatible TNC with features not 
found in other units, including Direct TTL 
connection for easy hookup to the VIC-20 and 
Commodore 64. With our onboard modem 
you can select either Bell 202 or 103 tones for 
VHFIUHF or HF work. Power supply is pro- 
vided. Suggested retail $21 9.00. 

For more iniol-rn;!!iorl coritact y o ~ l r  Ioc:al 
Kantronic:; deaIc1- or ~vr i te:  



spread spectrum and 
digital communication techniques: 

a primer 

Not quite sure 
how speech can be 

transformed into a 
digital signal? 

Read on. 

Ever since the inception of Amateur Radio, hams 
have kept abreast of the latest and most innovative 
methods of communication. From the advent of spark- 
gap radiotelegraphy, to the early FM transmitters, 
through the 2nd World War - when hams played an 
important part in concocting the first reliable pulse ra- 
dar systems - to RTTY, SSTV, SSB, satellite com- 
munications, and packet radio, Amateurs have been 
ardent users of new and fascinating modulation 
methods. 

In recent years there has been interest in a relatively 
new type of communication technique. While the 
foundation for this communication method was laid 
with the advent of ranging radar, it has only been in 
the past 10 to 15 years that it has received so much 
attention from both the military and the private sec- 
tor. This technique, known as spread spectrum (SS) 
is unlike any communication method previously tried 
by Amateurs. However, judging by our track record, 
it would seem that it's only a matter of time before 
we familiarize ourselves with it. 

The purpose of this article is to provide an overview 
of spread spectrum communications for those not 
familiar with it. While the topic is much too broad to 
be fully discussed here, the major concepts will be 
highlighted in a manner that can, I hope, be under- 
stood by those with little math background. As well 

as the concepts governing spread spectrum and digi- 
tal communications, typical station hardware require- 
ments will also be addressed. 

why spread spectrum? 

One might wonder how and why spread spectrum 
evolved, and how it could be applicable to the 
Amateur Radio bands. To address the first query, it 
is necessary to consider the problems associated with 
military communications during World War 11. At the 
time, jamming and antijamming techniques were the 
order of the day. By 1945 every Allied Bomber plane 
was equipped with two jamming transmitters, while 
it is estimated that as many as 90 percent of all elec- 
trical engineers in Germany were involved in an an- 
tijamming program of gargantuan proportion.' 

To combat the effects of jamming, spread spectrum 
was used to spread the signal out, thereby rendering 
narrow band jammers virtually ineffective. In addition, 
the fact that spread spectrum could be used with a 
low probability of intercept (LPI) made this an ideal 
method of communicating while appearing "radio 
silent" to conventional receivers. 

Today the quest for a signal that cannot be jammed 
continues in military circles; commercial applications, 
such as banking and private mail systems, require 
security. As jamming and intercept capabilities be- 
come more sophisticated, methods of communicat- 
ing become increasingly complex. Spread spectrum 
continues to evolve into a highly complicated mode 
of communication. Those fascinated with the history 
of radio would find the accounts of the development 
of spread spectrum to be very exciting reading. Several 
excellent accounts are listed in the  reference^.',^,^ 

The above-mentioned attributes hardly seem appro- 
priate for Amateur Radio! The FCC rules prohibit any 
kind of coded or secure communications, and inten- 
tional jamming is a problem we would ideally never 

By Ted S. Rappaport, NSNB, Box 283, Electri- 
cal Engineering, Purdue University, West 
Lafayette, Indiana 47907 
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fig. 1. Comparison of bandwidths between narrow modulation (A)  and spread spectrum (81. 

have to deal with. There are several other benefits, 
however, that might be of use to us in the future as 
the Amateur Radio spectrum becomes saturated with 
users. In fact, a look at why mobile telephone com- 
panies are considering SS sheds some light on some 
of the possible rewards. 

In metropolitan areas, where there are many mobile 
telephone users in a small area, cellular radio has been 
introduced to alleviate the congestion in the mobile 
telephone spectrum. In a cellular radio system, as the 
term suggests, the city is broken into "cells," with 
each cell having its own multichannel repeater capable 
of handling a limited number of users within the ceIL4 
As the user travels into an adjacent cell, the adjacent 
repeater takes over the communication. The cellular 
technique has been used to increase the maximum 
number of mobile telephone and commercial radio 
users from several hundred to several thousand in 
many cities across the country. Of special interest to 
the industry is the fact that compared to conventional 
narrow band modulation techniques, SS has the capa- 
bility of supporting a larger number of users for a given 
cell size!5 

Other advantages that SS offers to both the military 
and the mobile communication industry include selec- 
tive addressing capability, code division multiplexing, 
and interference and multi-path rejection. With SS, 
it is possible for a transmitter to selectively communi- 
cate to one or several receivers while remaining oblivi- 
ous to other users. Also, several stations may use the 
same band of frequencies simultaneously without in- 
terfering with one another. Since SS signals have very 
wide bandwidths, conventional narrow band users 
may also use the same spectrum without adversely 

affecting the SS communication. Conversely, the 
average power of a SS signal in any narrow band 
region is small, so the narrow band modulation is not 
severely QRM'ed, either. 

As will be demonstrated shortly, SS requires more 
complex hardware than does conventional narrow 
band equipment; as the spectrum stands today, its use 
in Amateur Radio is probably not currently warranted. 
However, with increased HF and VHF/ UHF activity, 
it is conceivable that we may eventually need a drasti- 
cally different approach to communications. Progress 
has recently been made by hams in such areas as co- 
herent CW and packet  communication^.^^^,^.^ The in- 
evitable thrust toward digital communications makes 
SS appear to be a likely modulation method in the 
future. 

overview of spread spectrum 
Figure 1 illustrates the bandwidth of an SSB speech 

signal compared to a typical spread spectrum signal. 
As its name implies, spread spectrum is a modulation 
method whereby the energy of the transmitted signal 
is spread out over a very wide bandwidth. This is quite 
unlike SSB or narrow band FM (NBFM), where the 
transmitter output has a bandwidth on the order of 
that of the modulating signal (the usable audio band- 
width for speech is about 3 kHz). However, wide band 
FM (WBFM) transmitters have bandwidths that are 
many times greater than that of the modulation. 
Clearly, though, WBFM is not spread spectrum! This 
is where the second important distinction between 
spread spectrum and conventional modulation 
methods must be made. 

A spread spectrum communication system uses a 

14 December 1985 



special generated wide band signal that is independent 
of the message modulation. At the transmitter end, 
the message modulation (a voice signal) may be multi- 
plied by this independently generated signal, and the 
resulting mix then transmitted on a carrier. This is 
known as Direct Sequence Spread Spectrum ( DS I .  
Another type of SS, known as Frequency Hopping 
Spread Spectrum (FH), can be generated by using the 
independently generated signal to cause the carrier sig- 
nal to frequency hop in a prescribed manner. 

It is the independent signal that determines the 
amount of bandwidth spreading at the transmitter out- 
put. It also determines the immunity the SS signal has 
to narrow band interference. This independent signal 
is always digital, and is generated by digital logic 
devices (such as TTL). The term pseudo noise code 
(PN) is used to describe this independent signal since 
to an uninformed observer the PN code looks like a 
random jumble of 1s and 0s. Actually, though, the PN 
code is a periodic sequence that can be easily gener- 

0 

BINARY 

MCSSAEE 4 0 O E R  ADDER - S A M P L E  - W N T l Z E  MESSAGE 
L P F  ---+--- O E M 0 0  - RECONSTRUCTION 0 

LOCAL CLOCK CHIP  CLOCK 

GENERATOR GENERA TOR 

C H I P  
CLOCK 

MESSAGE 

RCCONS7RUCTION 

fig. 2. Spread spectrum transmitterlreceiver block diagrams: ( A )  direct sequence IDS) transmitter and receiver, (8) fre- 
quency hopping (FH) transmitter and receiver. 
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ated by a sequence of shift registers. In order to 
recover the original message, the receiver must be able 
to reconstruct the same PN code used by the trans- 
mitter. When the transmitter and receiving encoding 
signals are identical, and when they are synchronized 
in time, then the message is detected. Figure 2 illus- 
trates block diagrams of spread spectrum transmitter 
and receiver pairs for both the DS and FH case. A 
more detailed look at the generation of the PN code 
is considered subsequently. However, before delving 
into the details of SS, it is first necessary to become 
familiar with some basic concepts of digital com- 
munications. 

0 
r, - e r t i ~  

digital communicaton concepts 
Because the encoding signal is digital, spread spec- 

SPEECH IN 
0 

trum can be considered to be a special form of digital 
communications. Unlike SSB, AM and FM, which are 
analog, continuous time communication methods, 
digital communication systems work on the principle 
of the sampling theorem. 

The sampling theorem, developed by Nyquist in 
1924,'O states that a continuous time signal may be 
represented by a sequence of discrete time snapshots, 
or samples, without any loss of information in the sig- 
nal, provided that the samples are taken at a rate which 
is at least twice as great as the highest frequency com- 
ponent of the original continuous time signal. A basic 
relationship which relates the sampling frequency If,) 
to the time duration between successive samples ( Ts) 
is 

LOW PASS 
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i 
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Figure 3A shows the components of a typical sam- 
pling system. Figure 38 illustrates a typical speech 
signal that has been band limited to have a peak fre- 
quency component of 4 kHz. The action of the sam- 
pler is shown in fig. 3C. Figure 3D illustrates the 
output of a sampler that is taking samples at a rate 
of 8000 samples per second (twice the rate of the high- 
est message component). Figure 3E shows the 
recreated message waveform after the samples are 
placed through a low-pass filter having a cutoff of 4 
kHz. 

In order to lay a foundation for the analysis and un- 
derstanding of SS, it is instructive to look at the sam- 
pling theorem from a different point of view. In the 
early 18001s, Fourier, a famous mathematician, ob- 
served that most functions could be represented by 
a summation of sinusoids having different amplitudes 
and periods. In short, he laid the groundwork for the 
development of the celebrated Fourier transform. This 
transformation allows one to analyze a signal in the 
frequency domain rather than in the time domain. 

Frequency domain analysis can directly give infor- 
mation pertaining to the bandwidth of a signal. Tables 
such as table 1 have been compiled which lists the 
Fourier transforms of many common signal 
 shape^."^'*^^^ By analyzing the sampling circuit of 
fig. 3A in the frequency domain, we can better explain 
how and why the sampling theorem holds. 

From table 1, the Fourier transform of an impulse 
sampler is an impulse train in the frequency domain. 
Note that in the time domain (fig. 3C), the sampling 
action is effectively multiplying the input signal by a 
"1" at each sampling instant, and multiplying by "0" 
in the interval between samples. Just as time signals 
have Fourier transforms, so do time operations such 
as addition and multiplication. The Fourier transform 
of a time multiplication is known as frequency convolu- 
tion. Convolution is a fundamental concept in control 
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and communication theory, and is used to express the 
output of a system or filter in terms of the input sig- 
nal and the system impulse response, (i.e., the 
response of the system to a sudden input signal). For 
this discussion, it is necessary to know only that the 
convolution of a band-limited spectrum (fig. 4A) with 
a frequency pulse train (fig. 4B) yields the original 
message spectrum replicated at each of the pulse train 
harmonics. Hence, by frequency domain techniques, 
we find that the output of an ideal sampler is the origi- 
nal message spectrum replicated throughout the entire 
frequency domain and separated by integer multiples 
of the sampling frequency (fig. 4C). By low-pass filter- 
ing the sampler output, we can recreate the original 
message exactly (fig. 4D). By the same token, we 
could bandpass filter the output of the sampler and 
also recreate the message, although this is not usually 
done. 

If the highest frequency of the input message ex- 
ceeds one half of the the sampling rate, then an 
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undesirable effect known as aliasing occurs. As can 
be seen in fig. 4E, each adjacent message spectrum 
overlaps so that the LPF output is not the original mes- 
sage, but rather a distorted signal. With frequency 
domain analysis, it becomes clear why the sampling 
frequency must be at least twice that of the peak fre- 
quency component of the input. 

Before moving on, it should be noted that this quick 
look at the sampling theorem assumes an "ideal" 
sampler - one for which the sample durations are in- 
finitely small. In reality, the sample durations are small, 
but finite. Taking this into account yields similar, but 
slightly more complicated, results. Figure 5 illustrates 
the spectrum of the output of a typical "real world" 
sampler. As the sample widths become wider, there 
is less energy at the higher frequencies. This is why 
the sampler is followed by a low-pass filter rather than 
a band pass filter. Also neglected here are some ampli- 
tude scaling factors that are involved in transforming 
between the time domain and frequency domain. 

t -  
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These subtleties are required in exact problem solv- 
ing, but are not important in gaining a good under- 
standing of the sampling theorem. Those interested 
in the finer details of the sampling theorem and Fourier 
transform techniques might find the references help- 
fU~~ll.12,13.14.15 

data communication 
Certain digital communication systems such as 

RTTY and packet radio, where the message text is 
originated by a keyboard rather than continuous-time 
speech, are known as data communication. In this 
case the sampling theorem does not apply, since there 
is no continuous time signal to sample. However, the 
data rate (the rate at which information can be sent) 
is a function of the number of bits used to represent 
each character, and is also a function of the time dura- 
tion of each bit. 

For example, the American Standard Code for In- 
formation Interchange (ASCII) prescribes that each 
keyboard character be represented by a unique 7-bit 
data word. The letter i, for example, is represented 
by the binary word 1101001. If each bit has a time dur- 
ation of 1 millisecond, then any character may be sent 
down a channel in a time of 7ms. If a start bit, a stop 
bit, and a parity bit are sent along with the data, then 
one character can be sent every 10 ms. The data rate 
for this set-up would be 1000 bits per second (bps), 
or 100 characters per second." Data communications 
of this type are termed "asynchronous" since the 
receiver never knows when the sender will depress the 
keyboard. The start bit and stop bit are the necessary 
overhead to identify each of the keyboard entries. The 
parity bit is used to validate the received data. Figure 
6 illustrates a complete asynchronous character word 
for the letter i. 

There is a trade-off between bit rate and occupied 
bandwidth of a digital signal. A good rough estimate 
is that the required bandwidth of a digital signal is 
equal to the reciprocal of the bit duration. For the 
previous example, the required bandwidth would be 
on the order of 

For a faster data rate, more bandwidth is required. In 
a band-limited channel, such as a commercial tele- 
phone line, there is an upper limit on the bit rate. This 
is why home computer modems seldom exceed a data 
rate of 1200 bps.16 While spread spectrum is well suited 
for either voice or data messages, the remainder of 
this article will consider only a voice message. Once 
the voice is "digitized," it is sent through the channel 
in the same manner as data. 

"In digital communications the bit rate is the same as the baud rate, so for 
this example the data rate is equivalently 1000 baud. 

quantization 

From the sampling theorem, we know that it is nec- 
essary to send only the voltage values of the samples 
rather than the continuous time signal. If the sample 
values could be represented in a digital fashion, then 
we could take advantage of schemes that have been 
developed expressly for digital communication. In 
short, digital communications systems are able to out- 
perform analog methods because signal reception is 
based on distinguishing whether a "0" or a "1" was 
sent, rather than trying to recreate a random continu- 
ous time waveform directly. Schemes such as error 
correction coding and minimum probability of  error 
receivers can be used to provide far superior perform- 
ance when compared to analog communication tech- 
niques. 

To represent the height of a sample value digitally, 
it is necessary to quantize the sample. For binary data 
(standard digital logic), the quantizing action truncates 
the actual sample value so that each sample is repre- 
sented by a fixed number of bits (i.e., every sample 
is expressed by N bits) in the time between succes- 
sive samples. Since it is conceivable that the samples 
can take on a continuum of values, there is some error 
introduced by the quantizer. However, if a limiter is 
used (to contain the voice signal voltage within the 
limits of the quantizer) and if there is a sufficient num- 
ber of levels in the quantizer, then this error, known 
as quantization noise, is quite small. 

The quantizer is an important concept in digital com- 
munications. The resolution, or the accuracy in which 
a sample can be represented, is directly related to the 
N, the number of bits used to represent each sample. 
For N bits, there are 2N quantizer levels (sometimes 
called bins). 

An example is useful to clarify how speech can be 
quantized and sent down a channel as a digital bit 
stream. Figure 7 demonstrates how the sample values 
are assigned data words in a three-bit quantizer 
(N =3). As indicated in fig. 7, there is some error intro- 
duced because of the fact that each sample is repre- 
sented by only a three-bit word. By using more bits, 
each sample can be more accurately represented. Sur- 
prisingly, though, even with only three bits of quanti- 
zation, intelligible speech can be transmitted." Once 
assigned a quantization data word, the truncated sam- 
ple is converted into I s  and 0s and sent down the 
channel. The output of the quantizer is known as pulse 
code modulation, since the message has been coded 
into a train of digital pulses. Since N bits must be sent 
in the time between adjacent samples, the bit duration 
of the quantized data is 
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fig. 4. Digital sampling - frequency domain analysis: ( A )  spectrum of speech signal (f,,, = 4 kHz). (B)  spectrum of 
sampler action. (C)  output of sampler, (Dl output of recreated message spectrum, and (El aliasing example. f, = 8 kHz 
and f,,, = 5 kHz. 

1 

fig. 5. Spectrum of output for non-ideal sampling. 
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where Ts is the time between adjacent samples. Since 

each quantizer bit duration is given by 
1 

Tbit = Nf, (2c) 

Hence, the bandwidth is given by 

A practical method of sampling and quantizing is 
to use a sample and hold circuit followed by an analog- 
to-digital (AID) converter. The sample and hold is 
similar to the ideal sampler, except the sample height 
is held for the entire time duration between samples, 
and is updated at each new sampling instant. While 
the sample value is held at a constant level, it is con- 
verted into a digital signal by the AID converter. The 
end result is identical to that of fig. 7. 

To recreate the message, the digital bit stream is 
clocked into a digital-to-analog (DIA) converter. This 
undoes the effect of quantizing which the AID had 

7 D A T A  jFm" P A R I T Y  8 1  T 
S T A R T  B I T  

fig. 6. ASCII 10-bit asynchronous data character for the 
letter i. 

upon the original message samples. The D/A output 
is then low-pass filtered to transform the reconstructed 
samples into the original message. 

spread spectrum systems 
There are many types of spread spectrum systems. 

These include direct sequence (DS), frequency hop- 
ping (FHI, time hopping (THI, chirp, and hybrid sys- 
tems which combine several techniques at once. Only 
DS and FH are considered here, since these seem to 
be most easily implemented. Common to both of these 
types of SS systems is the need to generate and recon- 
struct a PN (pseudonoise) code. 

To produce the DS spread spectrum signal, a PN 
code signal must be produced that has a bit rate (band- 
width) much greater than that of the quantized mes- 
sage. For FH spread spectrum, it is not so much the 
bit rate that matters as does the number of bits used 
in a complete cycle of the PN code. 

The PN code can be generated by a feedback 
arrangement of flip-flop stages. A flip-flop is a digital 
device which can store a binary value (either a 0 or 
a 1) .  Flip-flops can be connected in series to form shift 
registers. As the term implies, shift registers store 
several binary digits and shift them to the left or right 
each time an external clock pulse is received. 

The simplest PN codes (there are several types) are 
known as maximal linear codes, or m-sequences. 
These are produced by m-stage shift registers which 
use feedback to produce periodic codes that have N 
bits before recycling. For an m-stage shift register, 
there are N = 2m-1 bits in each period. Figure 8 illus- 
trates a three-stage shift register. All three flip-flops 
of the shift register are clocked to the right simultan- 
eously. and each time a clock pulse appears, a new 
binary digit appears at the output. Table 2 indicates 
the value held by each flip-flop for a given time inter- 
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val. Figure 9 shows the digital signal that would be 
produced by a standard TTL circuit. 

To avoid confusion between the PN code and the 
actual message bit stream, the term chip is used to 
describe each bit of a PN code. For a chip duration 
of tl seconds, the periodic PN sequence repeats itself 
every Ntl seconds. For the example shown in fig. 9, 
the same chip value would be seen every 7tl seconds 
apart. 

By changing shift register feedback paths, it is possi- 
ble to generate many unique m-sequence codes, each 
having a period of N chips. The number of possible 
codes is important since it defines the maximum num- 
ber of users that can be uniquely addressed, assum- 
ing that each user has the same length shift register. 
The exact number of unique codes is dependent upon 
the number of shift register stages and the possible 
feedback paths. In general, the longer the shift reg- 
ister, the more unique codes exist. However, as can 
be noted in table 3, when the shift registers consist 
of a prime number of stages, there is a maximum of 
codes for a minimum of hardware. 

Modular Shift Register Generators (MSRGs) such 
as the MC8504 are available for easy PN code gener- 
ation. The MC8504 is a 16-pin chip that features four 
stages of an expandable shift register. They may be 
cascaded, and additional flip-flops (such as a 7474) 
may be added to implement an arbitrarily long m- 
sequence. A nine-stage MSRG capable of producing 
48 selectable 511 chip codes is shown in fig. 10. 

Direct sequence (DS) spread spectrum. As 
shown in fig. 2A, the PN code is added with the digi- 
tized message (usually PCM) to produce a digital signal 
that can be readily modulated. If one of the adding 
signals is wide band, then the resulting adder output 
signal is also wide band. Since the PCM has a band- 
width on the order of the original message, it is neces- 
sary to use a PN code which has a bandwidth several 
orders of magnitude larger than the message band- 

BINARY 

ADDER 

- 
table 2. Contents of Shift Register Stages for rn = 3. 

stage 1 stage 2 stage 3 
initial contents 1 1 1 
clock pulse 1 0 1 1 
clock pulse 2 0 0 1 
clock pulse 3 1 0 0 
clock pulse 4 0 1 0 
clock pulse 5 1 0 1 
clock pulse 6 1 1 0 
clock pulse 7 1 1 1 

4 

width in order to obtain large bandwidth spreading. 
For this reason, the chip rate is typically run at speeds 
of several Megachips per second (Mcps). 

The output of the binary adder is fed into a balanced 
modulator. This modulator produces a particular car- 
rier phase for a logic "1" and a 180-degree shifted car- 
rier for a logic "0." Hot-carrier diodes are used in con- 
junction with wide band transformers to produce the 
final RF signal. Figure 11 illustrates a double-balanced 
mixer, which is the most commonly used type of 
balanced modulator. The balanced modulator input 
and output signals are shown in fig. 12. While the out- 
put waveform appears simple in the time domain, fre- 
quency domain analysis reveals that there is a wide 
band of frequency components centered around the 
nominal carrier frequency. 

In a DS-SS receiver, just as with any RF receiver, 
it is first necessary to bring the modulation down to 
baseband. This is accomplished by mixing the received 
signal with a local oscillator that is adjusted to the 
transmitter's frequency. Then, the coded signal must 
be matched with an internally generated PN code. This 
is accomplished by binary addition. If the internal PN 
code generator is not correlated with the incoming sig- 
nal, the resulting adder output is called code noise. 
However, when the internal code is synchronized with 
the incoming signal, the output of the binary adder 
collapses to the original digital message bit stream. A 
manual tuning dial can be used to adjust the phase 
of the code generator until synchronization is obtained. 
Better yet, a microprocessor can be used to automati- 
cally adjust the receiver PN code phase. Once synchro- 
nized, the demodulation may be accomplished by 
using a D/A converter followed by a low pass filter. 
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fig. 10. Implementation of nine-stage MSRG. 
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fig. 11. Double-balanced mixer. 

table 3. Characteristics ot M-sequences of various 
length. 

M stages maximum number number of chips 
of unique codes per period 

3 2 7 
4 4 15 
5 6 31 
6 4 63 
7 18 127 
8 16 255 
9 48 51 1 

10 60 1023 
11 176 2047 
13 630 8191 
20 19,200 1,048,575 
30 11,880,000 1,073,741,823 

61 3.1 x 10'6 2.3 x 10'8 

* 

Since the receiver uses an internal clock signal for code 
reconstruction, the low pass filter could be of the 
switched capacitor variety. 

It is important to note several points of practical in- 
terest. Obviously, the receiver must tune to the 
sender's transmitting frequency in order to establish 
the possibility of communication. This suggests that 
calling frequencies would be advisable for the first 
Amateur attempts at DS-SS communication. Further- 
more, a standard shift register length (or a few agreed 
upon lengths) seems mandatory, since the senders 
and receivers must be able to match each other's PN 
code. A fixed chip duration is necessary, too, so that 
all stations would be ensured that they could synchro- 
nize with the other users. 

Before leaving DS-SS, a word should be said about 
PN code length. In military applications, where secur- 
ity is an important consideration, it is not uncommon 
to find PN coding schemes which use shift register 
stages of length 40 or greater. If each chip duration 
is 1 microsecond, then one cycle of an m = 40 PN code 
is completed in a time of 

10-6 sec (240 - I) chips x chip 

= I .  I x I06 sec = 12.7 days 
Even if an interceptor listened in on this signal for 
several hours, it would appear to be a random jumble 
of binary digits. For long codes such as this, it takes 
a very long time to synchronize the receiver. On the 
other hand, if a shorter PN code is used (say, m = 131, 
then the entire code sequence is repeated every 8.3 
milliseconds! A code having such a short period can 
be synchronized quite quickly at the receiver end. 

Frequency hopping (FH) spread spectrum. In a 
FH-SS system (fig. 2B) there is a narrow band trans- 
mission occurring at any given time instant. However, 
there is a wide range of frequencies from which the 
transmitter may select. The particular frequency select- 
ed for use at any given moment is determined jointly 
by the digitized message bit stream and the PN code 
generator. 

The message bit stream is used as the least signifi- 
cant bit (LSB) of an M bit data word. The PN code 
generator supplies the other M-1 bits. The data word 
is then used to determine the additive offset required 
to generate the proper frequency. Frequency hopping 
takes place over N = 2M frequencies separated by in- 
teger multiples of f l ,  where f l  is the gap between ad- 
jacent hop frequencies. The repetition rate of the 
frequency hopping sequence is determined by the 
number of stages in the PN code generator and by the 
speed of the chip clock. Since the generator supplies 
M-1 chips for each hop, the frequency hop sequence 
repeats every 

(2m stages - I) 
(M-I) 

hops 
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table 4. Indirect frequency synthesizer ICs and their characteristics. 

maximum 
number of reference divider input 

part number frequencies frequency frequency control 

Hughes HCTR0347 45 50 Hz-500 kHz 10 MHz 8 bits parallel 
Nitron 6410 100 4.00 MHz 1.6 MHz 8 bits parallel 
Motorola 145104 256 10.24 MHz 4.0 MHz 8 bits parallel 
National DS8906 1 6384 10.24 MHz 120 MHz 20 bits parallel 
National MM55110 1 024 10.24 MHz 3.0 MHz 10 bits parallel 
Fairchild 11 C84 128 10.24 MHz 20 MHz 7 bits parallel 
AD-TECH FS-2574 lo00 10.00 MHz 258 MHz 10 bits parallel 

Figure 13 illustrates a typical FH transmission for the 
case of M = 3 and a nine-stage m-code generator us- 
ing a I-kHz chip clock. 

Typical values for a suitable FH system might be 
f l  = 500 kHz and M = 3 bits. For this example, the to- 
tal RF bandwidth of the system would be 

500 kHz se aration = q. MHz 23 frequencies x frequenPcy. 
If the lowest frequency of the transmitter were 420 
MHz, the highest frequency used by this system would 
be 424.0 MHz. 

The frequency synthesizer is the key to an FH-SS 
system. Its operating characteristics (such as frequen- 
cy range, switching speed, and hop duration) deter- 
mine a system's capability. There are two major 
classes of synthesizers, the direct type and the indirect 
type. The direct frequency synthesizer uses filters and 
mixers and is seldom found in current Amateur gear. 
The indirect type uses phase-lock-loops (PLLs) to 
generate the desired frequency set. As a rule, indirect 
synthesizers are not as quick to switch frequencies, 
but are easier to implement. 

Figure 14 shows a block diagram of an indirect fre- 
quency synthesizer. Those familiar with PLLs will im- 
mediately recognize the structure. The reference 
frequency, f I ,  is related to the output frequency, f j ,  by 

since the VCO and the feedback loop forces f j /n j  to 
equel f I .  As can be seen in table 4, indirect frequen- 
cy synthesizers, manufacturi 1 by several IC compa- 
nies, can produce output frequencies above 100 MHz. 
To achieve greater frequencies, multiplier stages must 
be added. 

The duration of a single frequency hop (th) may be 
longer or shorter than the duration of a message bit. 
If the message bit duration is longer than th, then the 
system is called a fast hop FH system since the hop 
rate is greater than the message bit rate. Otherwise, 
the system is termed slow hop FH. The advantage of 
a fast hop system is that if there is interference on one 
of the hop frequencies, the garbled message bit may 
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fig. 12. Double-balanced mixer signals: (A )  RF carrier 
input, (B)  digital input, (CI output signal, and (Dl out- 
put signal-frequency domain. 

still be present at the next hop frequency. For slow 
hop systems, error correction coding is needed since 
QRM on a given hop frequency could obliterate several 
message bits. 

Reception of an FH-SS signal is achieved by syn- 
chronizing the receiver frequency with that of the 
transmitter's. Once synchronization occurs, the 
receiver output is identical to FSK, with the mark and 
space separated by f l  Hz. The demodulator can con- 
sist of band pass filters which are compared to deter- 
mine the value of the message bit. The actual message 
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Introducing the T.I. Detective. 
The breakthrough 

you've been waiting for. 
Phantom Engineering, the leader in T.I. technology, 

introduces the T. I. DetectiveTM. An affordable field 
spectrum analyzer designed for precise T. I. analysis, 
filter tuning, and overall system tune-up. 

The versatility of the T.I. Detective is unlike any 
other: 

Preliminary site surveys and field analysis of 
terrestrial interference. 

Fine tuning dish location. 
Proper filter selection. 
"Tweaking" dishes and aligning polar mounts. 
Tuning IF and RF notch filters. 
Diagnosis of receiver, downconverter, LNA and 

LNB problems. 
Checking cable loss andlor tilt in block systems. 
Pinpointing bad cable sections, splitters and 

amplifiers. 
Tuning receivers and programming actuators. 
Determining optimum placement of T.I. screens 

and fencing. 

The T.I. Detective is compact in size and light 
weight with a rechargeable battery pack for complete 
portability. Easy to use and built durable with 
shockproof display and rugged construction to protect 
from bumps and shakes. 

The T.I. Detective is a major breakthrough in test 
equipment for the TVRO industry. But the biggest 
breakthrough of all is the price. Under $500. 

For more information about Phantom's complete 
line of filters and test equipment, contact your 
distributor or: 

fl 
/ 16840 Joleen Way E3 
P H A N T 0 M Morgan HHdI. CA 95037 

I V /  (408) 779-1 61 6 

v 
"The Breakthrough Specialists" 

More Details? CHECK-OFF Page 134 r /  190 December 1985 27 
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fig. 13. Frequency hopped signal for M = 3, rn =9, t, = 1 
ms. 

is then reconstructed by using a D/A and a low-pass 
filter. 

Synchronization must be acquired in roughly the 
same manner as in the DS case. A computer shifts 
the M-1 bit PN code until the receiver tracks the trans- 
mitter through each hop. As cited in the DS case, a 
shorter PN code period ensures quicker acquisition of 
the transmitted signal. 

With indirect synthesizer chips and MSRG chips 
readily available, it appears that FH systems could be 
constructed with slight modification to existing 
VHF/UHF gear. Certain standards such as hop dura- 
tion, frequency band allocation, and the number of 
hop frequencies need to be developed, however. 

future of spread spectrum 

k 

REF OSC 

f, 

In late May, 1985, the FCC approved docket 81414, 
which allows the use of spread spectrum on all ham 
frequencies above 420 MHz as of May, 1986. Tempor- 
ary authorizations are now being given to those 
Amateurs interested in experimentation. 

In less than six months from now, we'll have a new 

VCO L P F  ---c 

mode of communication unlike any other we've ever 
tried. With this new mode, our hobby may take a big 
step toward reaching state-of-the-art digital communi- 
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cation techniques. There's a lot of work to be done, 
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though; defining protocols for Amateur SS will not 
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be simple. 

* 

conclusion 
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fig. 14. Indirect frequency synthesizer. 

The world of digital communications is a new, excit- 
ing technological field, and the future is being shaped 
daily by advances in this area. As Amateur operators, 
part of our charter is to increase the reservoir of elec- 
tronics experts. While we don't have to be experts on 
digital communications, it's probably good for us to 
know the how's and why's of what is going on around 
us. Perhaps this article has shed some light on a sub- 
ject that, as timely as it is, has not been widely dis- 
cussed in the Amateur Radio literature. 

For those interested in learning more about spread 
spectrum systems, the definitive reference is Spread 
Spectrum Systems, by Robert C. Dixon.17 Dixon's 
book was the first on the topic, and has recently been 
revised to include discussions about practical hardware 
considerations. Also good is a book just released: 
Modern Communications and Spread Spectrum by 
C.D. McGillem and G.R. Cooper.13 This book treats 
practically every type of modulation method and high- 
lights some of the more important concepts of SS 
communication. 

references 
1. Robert A. Scholtz, "The Origins of Spread-Spectrum Communications," 
IEEE Transactions on Communications, May. 1982, pages 822-854. 
2. David Kahn, "Cryptology and the Origins of Spread Spectrum," IEEE Spec- 
trum, September, 1984, pages 72-80. 
3. F.E. Terman. "Administrative History of the Radio Research Laboratory." 
Radio Research Lab., Harvard University, Cambridge, Massachusetts Rep. 
411.299. March 21, 1946. 
4. G.R. Cooper and R.W. Nettleton, "Cellular Mobile Technology: The Great 
Multiplier," IEEE Spectrum, June 1983, pages 30-37. 
5. W.F. Utlaut. "Spread-Spectrum: Principles and Possible Application to 
Spectrum Utilization and Allocation," IEEE Communications Magazine, Sep- 
tember, 1978, pages 21-30. 
6. Bill de Carle. VEJOBE, "Technical Correspondence," OST, June , 1985, 
page 41. 
7. C. Woodson, W6NEY. "Coherent CW," OST, May-June, 1981. 
8. AMSAT Packet Conference, October 8-10. 1982. 
9. Packet Radio Terminal Node Controller lTNCl System Manual, Tucson 
Amateur Packet Radio Corporation. 
10. H. Nyquist. "Certain Factors Affecting Telegraph Speed," Bell System 
Technical Journal, Volume 3, No. 2, 1924, pages 324-346. 
11. G.R. Cooper and C.D. McGillem, Continuous and Discrete Signal and 
System Analysis, Holt. Rinehart and Winston, Inc., 1974, page 365. 
12. F.G. Stremler, Introduction to Communication Systems, 2nd edition, 
Addison-Wesley Publishing Co., 1974, page 88. 
13. C.D. McGillem and G.R. Cooper, Modern Communications and Spread 
Spectrum, McGraw-Hill Publishing Co., 1986. 
14. K. Shanmugam. Digitaland Analog Communication Systems, John Wiley 
and Sons, 1979. 
15. L.W. Couch 11, Digitaland Analog Communication Systems, MacMillan 
Publishing Co., Inc., 1983. 
16. Herb Friedman, "Modems," Radio Electronics, April. 1983, pages 8589. 
17. R.C. Dixon, Spread Spectrum Systems, John Wiley and Sons, 1984. 
page 143. 

ham radio 

28 December 1985 



When we set out to make the best amateur radio 
equipment in the world, we had some pretty tough 
standards to live up to ... 

... yours 

So we des~gned the RG850  Repeater Controller the industry s top of the 
lhne repeater control system Now In 11 s thlrd wave of lnnovatlon thanks to 11s 
destgned tor the future arch~tecture and new sonware releases 
The 850 dettnes the tndustry standard In repeater control systems 
a Fully remotely programmable wtth Twch-Tone commands or computer 

term~nal 
a Front panel LED display or termtnal based d~splay 
a Over 300 word custom~zed male and female speech synthes~s vocabulary 
a T~melday of week Scheduler wlth 10 set-up states 30 changeovers and 

events over 100 scheduled Items lor hands ofl operation and automatlc 
reminders 

a Full or halt duplex autopatch autod1a11200 numbers) emergency autodlsl 
reverse autopatch antld~aler, toll restrlct lncludlng telephone exchange 
tables suppons remote and mult~pte phone llnes 

a lntormatlve remotely programmable ID s (1 7) tall messages (13) 
bulletin boards 151 

a 16 channel volie'response analog metering, automatlc storage ot 
mlnlmax values on each channel, values may be read back on command 
or may be Included In any programmable messages 

a Supwrts syntheslzed remote base transcetvers and full duplex llnks 
a Indlvldual user access codes to selectable features 
a Mallbox tor user-to-user, and system-to-uset messages 
a Paglng- two-tone. 516 tone. DTMF. CTCSS. HSC d~sptay. GSC d~g~tal  

d~splay, user Commandahle and may be included m proqrammabk 
messages (I e alarms) 
Loglcal to phys~cal 110 maputng and Internal "toolbox" for easy 
customlzlng of the controller to meet your needs and mlnlmlze external 
wlrlng 

a Easy hookup to any repeater 

Our new Digital Voice Recorder lets you remotely record ID'S, tall messages. 
and varlous other response messages tor automatlc playback through your 
repeater Aud~o IS stored dlg~tatly wtth no-compromise reproductton quallty In 
up to elght megab~ts of memory The DVR can support up to lhree Independent 
repeaters tor a low per-channel cost Its Touch-Tone activated volce mallbox 
lets your users eas~ly record messages for other users when they aren I around 

QST: Attention All ,Hams 
If you own a shack, you should know aboul ShackMasterm 
ShackMaster lets you carry your home stallon wtlh you In the palm of your 
hand II acts as your gateway to Ihe world, l~nklng your handheld 
transcelver to your h~gh periormance HF stat~on Now, tnstead of your 
valuable home equtpment belng avallable to you 1% ot Ihe tme. 
ti's avatable 99% of the time' Whether around the house. In the yard. 
or across town, ShackMaster lers you take tt wlth you 
Bur thal's (US! pan ot ShackMastefs story It lets you comnfiJn~cale 
with the tam~lv bv handllna th~rd OaRv trafl~c- 11s electron~c mallbox and 

... and ours. 

If your repeater budget can't afford the '850, we offer Ihe 
RC-85 Repeater Controller, whlch we thke to call the "second best 
repeater controller In the world. It's a scaled down, s~mplltled verslon of 
our '850, but overall. It offers more capabtllty and hlgher quattly 
than anyone elses control equtpment at any prtce. 

a Remoteby programmable with Touch-Tone commands 
a Over 175 word custom~zed male speech synlhesls uocabulary 
a Sekctabte "Macro sew' tor easy control operator selectton 
a Autopatch, autodlal (200) numbers, emergency autod~al. reverse patch 

Remotely programmable tntormat~ve ID'S (7). tall messages (3). 
bullettn board (2) 

a Supporls synthestzed remote base sanscelver, control receiver, alarm 
a Selectable. lntormatlve courtesy tones 
a Talklng Smeter, Two-tone paglng 
a Easy hookup to any repeater 

For those who ttke lo "roll thetr own", we can get you off to a rolling Start wlth 
our ITC-32 Intelligent Touch-Tone Control Board Much more 
than lust a decoder, ~ l s  a mlnl-control system of ~ t s  own, wlfh the baslc 
repeater and remote base tunctlons bulll-m And 11 can be tailored by you 
with I ~ S  Personal~ty Prom 

a 28 remotely controllable latched or pulsed loglc outputs 
a 4 alarm or remote sensed loglc inputs 
a Response messages to conf~rm command entry 
a Repeater lunct~ons lnctudlng COR. IDer, tlmew, courtesy tone, etc 
a Remote base tunctlons lncludtng control ot synthesized transcelver 

a Remotely recordable, var~able length audlo tracks. 
accessed trom controller messages 

a TOP quallty, no comprornlse audlo reproduction 
a Supports up to three repeaters tor cost effecttve lnstallatton 
a Expandable to roughly 6 minutes ot speech In 8 rnegabtls ol memory 
a Easy ~nterlace to RC-850 RC-85 controllers, or to any stan&alone repeater 

All our products are deslgned and manufactured wllh rndustrtal grade 
r~liahtltly Ltttle th~ngs that many people don't nottce lhke rnachlne 
contact IC sockets tor all ICs gold on gold slgnal connectors 
htgh pedormance CMOS lor mlnlmum power dratn. and translent supresston 
And the products are documented w~th h~gh qualtly easy to read manuals 
Our goal IS to advance the state ot Ihe repeater an But most ot all. 
our products PUI the FUN back Into the FUN MODE! 

Intercon let you keep In touch And a s~mplex palch lets you place 
mpORant calls dtrectty through your home phone 

Crossband Ihnktng- VHFIUHF to HF 
a Telephone access to your home slatlon 
a BSR Home Control ~nteriace 
a Electron~c Mallbox 
a Sharkpatch" lntercom lnto the shack -A- - -., - --- 

TO order one of these advanced control products call 408-749-8330 and 
speak wtth Ttm or Cather~ne Vtsa and Mastercard accepted 
Technical manuals are avallable tor purchase and the amount pa~d IS appl~ed 
as a deoosrt on Ihe eaulomenl For soectf~catrons and a copv 01 our ACC 
Notes newsletter lust wrlte or send In your OSL card to 

QCC advanced 
computer 
controls, inc. 1081 6 Northrldge Square Cupertino CA 9501 4 (4081 749-8330 

More Details? CHECK-OFF Page 134 ~r 102 December 1985 29 



a packet radio primer 

General information 
to get you started 

Packet is the most exciting thing to hit ham radio 
since voice communication. It far overshadows SSB 
in importance, and it will, I believe, have even more 
impact on Amateur Radio than the proliferation of 
repeaters in the early 1970s. 

At its simplest, packet radio resembles radio tele- 
type. But there are differences between the two. First, 
a packet message is not transmitted as it is being 
typed. Instead, the characters are stored in a buffer 
and then sent in a block at the transmission speed of 
the link - up to 5,600 characters per second (cps) at 
220 MHz and higher frequencies, 1960 cps for 6 and 
2 meters, 120 cps on 10 meters, and 30 cps for the 
low bands. Thus, even in a hot-and-heavy QSO, trans- 
mit duty cycle and channel utilization are low. 

Second, each packet station "knows" its own call 
and recognizes the messages addressed to it. A num- 
ber of QSOs can occur on one channel simultaneously, 
yet each station in the connected mode* will have a 
screen clear of all messages other than its own 
contact. 

Third, because of computerized error checking, 
you'll see only perfect, noise-and-garble-free transmis- 
sions (note that I didn't say "error-free"; I have a 
problem with my typing) unless you disable the error- 
checking function. And that's just for starters! 

digital repeaters 
Packets can be repeatered. If you don't value the 

friendship of your fellow repeater users, packets can 
be put through your local 34-94 machine, but the rau- 
cous buzz will drive the control operator, and anyone 
else monitoring, mad. The better method is to use a 
digital repeater or "digipeater." This is a very simple 
device - just a regular packet station. The scheme 
is quite different from a voice repeater. The digipeater 
receives the packet signal, stores it in digital form and 
checks it for errors. If there are no errors, the digipeater 
retransmits it. 

All operation is on one frequency - no duplexers 
are required, receiver desensitization by the accom- 

panying transmitter cannot occur, and each packet is 
checked for errors at each digipeater. Unlike voice 
transmissions via repeaters, packet messages can be 

I sent long distances on the VHF/UHF bands by naming 
a number of sequential digipeaters to form a path to 
the destination. 

Although, at this moment, most packet activity 
takes place on 2 meters, there are a number of sta- 
tions on both coasts operating "gateways," low band 
packet stations designed for long haul message pass- 
ing with collection and distribution at either end via 
VHF or UHF. 

1 packet applications 

I The four main uses for packet radio at the moment 
appear to be the following: 

I normal, rag-chew type QSOs. This of course, 
includes the exchange of any type of traffic between 
two stations; 

I direct message passing (if the destination station 
is running, 1 can leave a message on it, without the 
help or intervention of the operator); 

Packet Bulletin Board Systems (PBBSsl simi- 
lar to the telephone-accessed bulletin board/program 
exchanges used by computer hobbyists, and packet 
mail boxes, which are usually operated in conjunc- 
tion with a PBBS. In these, a message can be left for 
a specific ham by call, for a group such as GLBers, 
or for everybody (in this case, the call entered as 
"ALL"). Stations operating mail boxes usually trans- 
mit the calls for which they hold traffic. Thus it is not 
necessary to "check into" the PBBS to know if you 
have mail. 

computer bulletin boards 
It's not necessary for your QSO to be with a real, 

live human. Back in the middle 1970s, several com- 
puter operators in the Chicago area set up Remote 
CP/M (RCPIM) computers with personal message 
services, bulletin boards, and facilities to exchange 
computer programs, accessible to anyone with a tel- 
ephone modem and a teletype or other computer ter- 
minal. 

These "tele-computing" facilities have proliferated, 
and it's a poor town, indeed, that doesn't have at least 
two or three telephone-accessed, computerized bul- 
letin board program exchanges devoted to some com- 

"'Packetese" for being in QSO -Ed 

By David McLanahan, WAIFHB, Box 17, 
Marlow, New Hampshire 03456 
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puter-related or other special interest. (The problem 
with these marvelous facilities is that if you really get 
into them, your telephone bill approaches infinity 
asymptotically. 

This type of activity is a natural for packet radio, 
and packet bulletin board systems (PBBSs), usually 
running CP/M, are now springing up nearly every- 
where. Many of these stations, based on surplus Xerox 
820 computer boards, use software donated to the 
public domain by Hank Oredson, WBRLI, and dis- 
tributed by ARRL and through the Newington, Con- 
necticut, FIDO-Net bulletin board (203 665-1 114). 
These bulletin boards offer the advantages of their 
telephone counterparts without running up your phone 
bill, and offer an additional convenience: most have 
a "beacon," a short automated transmission an- 
nouncing their presence at regular intervals. 

These PBBS beacons often include all ham calls for 
whom the board presently holds messages. Thus, 
unlike the telephone-accessed boards, you need not 
"log on" to know if you have mail; just monitor the 
channel and watch the beacon. In this application, the 
old ham expression of "reading the mail" takes on a 
new significance. 

for the future 
There are two precursors of things to come. The 

first is the concept of a "local user." This means that 
a ham tells area PBBS operators which PBBS he con- 
siders "home." Messages left for him on other boards 
are then forwarded to his "home" board. This is now 
handled manually, but automatic forwarding is only 
a computer program away. 

Second, it's now necessary for a packeteer to deter- 
mine the digipeater string and enter the calls manu- 
ally. To assist with this, many PBBSs carry area sys- 
tem maps showing digipeater calls and station 
locations (an abbreviated map is shown in fig. 1). 
However, as I write, a number of hams are working 
on computer programs that monitor digipeater traffic, 
picking up routes and maintaining a dynamic area map 
in real time. 

It doesn't take a great leap of imagination to see 
where all this is leading: automatic path selection and 
dynamic call forwarding, both "transparent to the 
user"; all you do is type the call and the computer and 
packet board does the rest (with a namelcall file for 
your friends, all you'd need to type would be the 
name). We're rapidly approaching the point reached 
years ago by television's Napoleon Solo, who, when 
stranded on a remote Pacific isle, simply whispered 
"Open channel D," into his fountain pen. Our main 
unresolved technical challenge will be to place a work- 
able (and comfortable) keyboard on the side of the 
pen! 

There is one thorn in this rosy future: channel space. 
I've said that packet transmission is error-free, but I 
carefully avoided any reference to transmission times. 
At the moment, channels are relatively quiet, and over 
short paths things can happen quickly. For example, 
working through two 2-meter digipeaters handling little 
or no other traffic, packet delivery times run on the 
order of 4 to 5 seconds each. This is quite reasona- 
ble. But, add a few more QSOs, a longer path (several 
digipeaters), or someone using a PBBS (which shovels 
out long program or message packets as fast as it can), 
and things bog down quickly. 

While we're on the subject of transmission speeds, 
two additional notes are necessary. First, the speeds 
given at the beginning of the article are FCC-permitted 
maxima. While 300 Baud (30 cps), the legal maximum, 
is used on the low bands, on 2 meters the universally 
used speed is presently 1200 Baud (120 cps) rather 
than the allowed 19.6 kilo-Baud, purely because the 
1200 will go through a normal voice channel while the 
higher data rates (which require greater bandwidths) 
will quickly run aground in the intermediate frequency 
amplifier and audio circuitry of a normal voice rig. 

Second, 1200 Baud sounds like a nice, snappy 
exchange rate, particularly if you're accustomed to a 
300 Baud terminal. Sorry about that; the 1200 Baud 
is the character transmission rate. When it comes to 
actual message or data exchanges, the through-put 
(useful traffic passed) will be at a much lower effective 
speed, especially if noise or a busy channel forces 
repeats of transmissions. This is due to overhead 
within the packet (message header and such) and the 
necessity of getting acknowledgement for each 
packet. 

Of course, packet activity has no way to go but up 
as more people get involved. Again, we have techni- 
cal solutions that will (we hope) be here before the 
problems are - inexpensive "ham type" digipeaters 
up at UHF and microwave where transmission speeds 
can be increased dramatically. This doesn't mean 
you'll have to put a 1296 MHz rig in your car; local 
traffic can still be handled on 2 meters, but the heavy 
and long-distance communications can go on the 
microwave links. 

equipment 
You need only three pieces of equipment to oper- 

ate on packet radio: a 2-meter transceiver (nothing 
special, that old rock-bound clunker in the basement 
will probably do, with some tuning); a Terminal Node 
Controller (TNC - the actual "packet board"); and 
a computer or computer terminal with which to 
communicate with the TNC. 

Of course, there are always other ways. If you want 
to save time and reduce aggravation, there's the Pack- 
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eterm, a portable unit ($995) that combines a TNC and 
a computer terminal in one sleek-looking designer case 
(see photo). If you go that route, you can disregard 
the rest of this article and be on the air half an hour 
after unpacking the box . . . 

I claim no special expertise in the area of 2-meter 
transceivers. I'm using an Azden PCS4000 because I 
happen to have it, and it's working fine. The only cav- 
eat is that most 2-meter packet activity is below 146 
MHz and some of the older narrow-band equipment 
needs a tweak to get down there. 

I'm using a GLB PK-1 Terminal Node Controller. I 
chose it because it appears to be the least expensive 
one available ($165). At  4-112 x 9-112 inches (11.4 x 
24 cm) it's also the smallest one I've seen. It also 
requires only a single-voltage power supply ( + 12 VDC 
at 170 mA) and it doesn't mind "mobile-type" voltage 
excursions; I've used it from 14-1 I 2  to 9 volts without 
a hiccup. And, like other TNCs on the market, the 
2-80-based GLB features "dynamic programming"; 
the manufacturer frequently releases a new ROM 
offering enhanced and improved features. 

Other TNCs are available from Vancouver Amateur 
Digital Communications Group, Tucson Amateur 
Packet Radio, Heath, AEA, Kantronics, Ashby, and 
Packeterm, to name a few (fig. 2). Richardson soft- 
ware converts a TRS-80 Model 1, 3, 4, or 4P into a 
computerlTNC*. 

The last necessity, the terminal, offers the most 
opportunity for self-expression. It can be anything 
from a Model 15 Teletype to a microcomputer such 
as a Sinclair ZX-81 or a Commodore 64. The 
microcomputer route is the most popular. Of course 
the micro must have a serial port (or an adapter to pro- 
vide one) as well as a modem program. (The Model 
15 Teletype was preprogrammed at the factory.) 

getting started 
As with everything else, the most difficult part is 

getting started, especially if you don't have a packet 
Elmer around. You'll need either a reasonably local 
packet station that will give you a strong signal or two 
set-ups that you can work back-to-back. An indepen- 
dent monitor receiver is a big help. 

There's nothing special about the monitor receiver. 
It can be any kind of tunable or fixed-frequency rig 
capable of receiving your area's packet channelk). Be 
aware that some of the programmable (no-crystal) 
scanners won't tune lower than 146 MHz without 
special measures. For example, on my 16-channel 
Regency "Touch," Model ACT-T-16K, I must press, 
in order, MA, 9, CL, PR, then key in the frequency 
I want, and hit PR again. 

.Synchmnws M k e r  Redo Using lfm Sohwam &prosch - AX.25, by R.M. 
Richardson, W4UCH. availak from Ham Radii's Bookstwe, Gnnmvilb. NH 
03048 1521.95 plus 53.50 postage 6 handling1 

fig. 2A. Cynthia "Sam" Hensley, KYlD,  operates Packeterm"' 
IPT, a portable terminal and TNC combined in one unit. from 
summit of Pitcher Mountain in Stodderd, New Hampshire. 

This receiver is then set up on its own 114-wave 
whip near your packet station. Because a TNC requires 
a better signal to noise ratio than voice, if another sta- 
tion sounds reasonable on the quarter-wave whip, it 

will probably be fine for packet, assuming that you are 
using an outdoor gain antenna for the packet tran- 
sceiver. 

The monitor is used, first, to compare your station's 
deviation with others in the neighborhood, and, sec- 
ond, to  keep track of when (and how) your station is 
transmitting. After your packet set-up is thoroughly 
established and proven, you may wish to return this 
radio to its prior service monitoring the local police, 
but till then it'll be invaluable in getting you started. 

To begin with, you have to get your computer or 
terminal working with your TNC. This requires, first, 
an US-232 interface from the computer or terminal to 
be connected with the US-232 interface on the TNC, 
and, second, if you're using a computer, driver soft- 
ware (usually a "Modem" or "Terminal Emulator" pro- 
gram) to  access the US-232 port. Because the 
programming depends on the brand and type of com- 
puter used, I'll leave that part to you and your soft- 
ware dealer or local computer guru. 

I can, however, provide some advice on using the 
US-232. 

the RS-232 
First, the actual US-232 specification doesn't define 

a physical connector, although a DB-25 is usually 
used. Second, US-232 defines interfaces for modems 
and for terminals, but not for computers. Third, two 
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identical RS-232 interfaces (two modem interfaced or 
two terminal interfaces) won't work together because 
both will be transmitting data on one line and both will 
be "listening" on another line. Therefore, before you 
actually hook things together, compare the instruc- 
tions for your computer and your TNC. 

Normally, the computer will talk (transmit data, data 
out, or TxDI on pin 2 of the DB-25 and the TNC will 
listen (receive data, data in, or RxDI on the same pin 
number. If your literature shows that your two devices 
work this way, use a pin-for-pin cable. If, on the other 
hand, both units are talking on the same line, you'll 
have to swap pins 2 and 3 at just one end of the cable. 
(If you make the swap at both ends, you're back where 
you started!) Along with that swap, go swaps on 
several of the control lines, although ground always 
remains on pins 1 and/or 7. Check your literature. 

If you find that you do require some line swaps, but 

all you have is a pin-for-pin cable, check its connec- 
tor type. There are three types of DB-25 connectors 
in common use commercially: insulation displacement 
connector (IDC), crimped onto ribbon cable; solder 
cup connector with wire leads soldered in as required; 
and crimp-type, where the pins are crimped onto the 
wires and then popped into the connector shell. 

If you have only a ribbon cable, you're stuck. With 
the solder cup connector, changing conductors 
around is relatively simple, assuming that you have 
both patience and a small soldering pencil. Changing 
the pins around on the crimp-type connector is even 
easier than resoldering if you can get the little plastic 
insertion and extraction tools. Both tools (which slip 
together for storage) are slotted lengthwise for slip- 
ping over the wire. The tool is then slid down the wire 
so that its point enters the back of the connector block 
around the connector pin. Gently pullng the wire slides 
the pin out of the block. Reinsertion is just the reverse. 
Place the tool on the wire up against the pin and use 
the tool to seat the pin in the block. 

Although these tools are inexpensive, they may be 
diiicult to find. Made of plastic, they will break in time. 
You might try purchasing several from an industrial 
distributor who stocks the connectors. 

listening to the data 
If you're sure the wiring is under control but the in- 

terface still doesn't work, check to make certain that 
both units are really transmitting data when they 
should. Look at the TxD line from the computer. (An 
oscilloscope is ideal for this but you can use the audio 
channel of your video monitor, if it has one, or another 
audio amplifier and speaker. 

Remove the plug cover from the cable connector 
at either end. Make sure that the audio channel ground 
is connected to the computer system ground. With 
the volume of the audio channel set low (to avoid ear- 
shattering surprises) check the audio by touching the 
exposed audio connection with your finger while the 
rest of your body is ungrounded. You should get a 
loud AC hum. Then, using a small-gauge conductor 
wedged into the back of the DB-25, make contact 
between either pin 2 or pin 3 and the audio input. 

Now try a command to the TNC. With the GLB 
PK-1, the first thing it wants to see is a carriage return 
<cr> to establish the baud rate, which should be 
9600 Baud or slower. (The baud rate between TNC 
and "terminal" has nothing to do with the "on the air" 
data rate of 1200 Baud.) When the GLB receives its 
carriage return, it responds with a dozen-character 
sign-on. If serial data is present on the line you've 
chosen, you'll get a raucous buzz (or a short burp) for 
a single character like the <cr> . Try this a couple of 

fig. 28.  Packet terminal units from (A) AEA, (B) Heathkit. and times. If the power doesn't come on cleanly (i.e., 
(C) Kantronics. bounce in the power switch) it can discombobulate 
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the GLB's initialization routine. Hit GLB reset and try 
<cr> again. 

If you still don't get the buzz, the most likely cause 
is that a required RS-232 control signal is not being 
handled properly. Of course, this requires a check of 
the RS-232 specifications as interpreted by the two 
particular devices that are giving you grief. For exam- 
ple, with the GLB PK-1, check to see that the com- 
puter or terminal is putting a high ( > 3VDC) on RTS 
(Ready To Send) (DB-25 pin 4 on the GLB), and that 
the computer doesn't need more control signals than 
the high that the GLB puts on its CTS (Clear To Send) 
(DB-25 pin 5) line. 

If either the computer or the TNC is not getting the 
control signal(s) it requires, you won't hear data on 
either line from the end(s) with the problem. Check 
your control lines with a VOM. 

Once the terminal-TNC interface is working, you are 
ready to hook the TNC to your transceiver, following 
the TNC manufacturer's guidelines. 

Now see if you can receive. Connect all the equip- 
ment up and turn it on, instructing your packet board 
to display everything without checking the packets for 
transmission errors ("Garbage mode" on the GLB, 
SG-E).  Wait for activity on the channel (as indicated 
by your transceiver's S-meter or the monitor radio) and 
see if it prints. (Very short transmissions may be con- 
nect requests or acknowledgements that will not yield 
a printable message.) If that works, try transmitting. 
Send anything and compare the sound of your trans- 
mitter through the monitor radio with the sound of 
another packet station. If your signal doesn't sound 
raspy and disagreeable, your audio is set too low. 

talking to yourself - by radio 
If the audio sounds okay, try talking to yourself 

through the other station. Program your call as the 
destination as well as the originator, making sure that 
the SSID numbers (usually zero) are the same. Then 
type in the call of the other packet station or digipeater, 
again watching the SSID. Many digipeaters use an 
SSID of one, with zero used by the trustee's home 
station. W1AW has several packet stations with SSlDs 
running up to 5! With the GLB your destination is set 
with SD and your digipeater(s1 with SV (send via). 

Now issue the command to connect (AC on the 
GLB). Your transmitter should come on for a short 
period (less than a second) followed almost instantly 
by a similar-length transmission by the other station. 
Your terminal should then "ring its bell" and display 
-Connected to <your call > . Now type a short mes- 
sage and hit your "dispatch" character (on the GLB 
this defaults to a line feed). The message should be 
duplicated almost immediately on your screen, then 
be followed in a second or two by another bell and 
an -Ack. 

The -Ack means that the "receiving-you" has 
acknowledged the message back to the "sending- 
you." If the -Ack is not received by the TNC, the mes- 
sage will be held in the TNC's buffer and the trans- 
mission repeated. With the GLB, to disconnect, type 
Control-C. When disconnect is complete, the screen 
will show #I. 

If all that worked, you're ready for a real, live QSO 
or a longer path test. On multi-hop self-connects, you 
must provide the entire round trip in the digipeater 
string. (Like any other computer, the TNC is wonder- 
ously fast but very stupid.) Thus to self-connect 
through WIAA-1, W2BB-0, and W3CC-1, for exam- 
ple, your string must read WIAA 1, W2BB 0, W3CC 
1, W2BB 0, WIAA 1. 

If all this works, you're home free. If questions or 
problems arise, you can connect with another pack- 
eteer in your area and ask for help. You can also 
access your local PBBSs. Start with the one that's on 
the shortest, quietest, most reliable path until you get 
the hang of it. (The wee, small hours of the morning 
are the best time for this experimenting.) All you have 
to do is connect with the PBBS station, then be 
patient while it announces itself and gives you its 
prompt line ending with CP/M's >. It will then be 
looking for a letter command followed by a carriage 
return (and on the GLB, a line feed to send the 
packet). For starters, try an "H" (for Help). It should 
reward you with a list of its commands and explan- 
ations. If you have a printer, turn it on so you'll have 
a hard copy for future reference. 

Of course, there's a great deal more to packet radio 
than I've mentioned here, and the field is changing 
rapidly, but, as the Chinese say, "The longest jour- 
ney begins with but a single step." As with any 
Amateur Radio activity, the biggest and most impor- 
tant step is just getting on the air so you can contact 
fellow hams. I trust that you'll enjoy the rest of this 
unending journey. 

ham radio 

I 

for further reading ... 
A special package of four back issues of ham radio, featuring 
the following Packet Radio articles, is available from Ham 
Radio's Bookstore: 

"Amateur Packet Radio, Part 1," by Margaret Morrison, 
K W D  and Dan Morrison, KV7B. July, 1983; part 2, August, 
1 983. 

"Packet Radio - the Software Approach," by Robert M.  
Richardson, W4UCH, September, 1984. 

"The New Industrial Revolution: Packer Radio and Local 
Area Networking," Cornell Drentea, WB3JZ0, December, 
1984. 

The special price for the four-issue package is $14.95; single 
issues are priced at $5.00 each (postpaid). 

Ham Radio's Bookstore Greenville, NH 03458 
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PACKET RADIO.. . 
... THE FASTEST GROWING PART OF 

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

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

ALL YOU NEED FOR PACKET OPERATION 

IS A PACKETERM IPT AND YOUR RIG ! 
~esigned for true portability, the IPT is equally at home in your ham shack or 
(with its optional carrying case) treking in the country for battery powered 
hilltopping! 
A single cable connects t o  your transceiver .... thats all there is t o  it! 
Use i t  wi th your base station, mobile, or with your HT on that hilltop!!! 

FEATURES: * + 9 inch portable terminal and full function tnc combined 

* 66 commands available - the most widely used, field proven 

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

+ stores setup parameters with power off  - uses lithium battery 

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

74 key, full travel keyboard with 14 function keys for commands, 

calls, etc. 

* printer port - RS232C serial 

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

#acketerma PRICES: IPT COMPLETE $995 
Box 835. Amherst, NH 03031 PRINTER $349 

(603)-673-6630 DC ADAPTOR 81 25 
TNC (BOARD ONLY) $275 
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automatic frequency and deviation 
for packet radio 

Measure your 

packet signals 

from the comfort 
of your home 

Recent observations o f  packet radio signals re- 
vealed some startling facts. Several stations intending 
to be on 145.01 MHz were found as much as 3 or 4 
kHz off frequency. Deviation levels also varied quite 
a bit. 

Off-frequency operation and overdeviation cause 
distortion of the audio signal. Too little deviation 
results in a poor signal to noise ratio. In all these cases, 
the result is the same: a modem is less likely to demod- 
ulate the signal properly. Packets are retransmitted an 
excessive number of times and the channel gets clog- 
ged up. 

The New England Packet Radio Association tried 
to improve the situation by having a calibration ses- 
sion at one of the regular meetings. A frequency 
counter, deviation meter, and qualified engineers were 
present to make sure everybody's equipment was pro- 
perly adjusted. There was plenty of advance publicity, 
but no more than a few people bothered to bring their 
equipment. 

Several months later a new beacon appeared on the 
air, transmitting "WB20SZ> BEACON: frequency/ 
deviation tester available." During the first few days 
of operation, many stations connected and received 
the following message: 

"Welcome to the WB20SZautomatic frequency/devi- 
ation tester. Instructions: 

1. Send several non-blank lines. 
2. Wait for reply after each. 
3. Ignore any occasional erratic values. 
4. Disconnect when done. 

Recommended deviation is no more than 3 kHz. Any- 
one who disagrees with the results is invited to supply 
a reference more accurate than my 2AT. John" 

tester 

Each time a packet was sent to the automated sta- 
tion, a reply was sent back in the form, "Your fre- 
quency is about 1.8 kHz too high. Deviation is about 
2.6 kHz." 

i circuit description 
The voltage from the detector of an FM receiver is 

proportional to the frequency of the incoming radio 
signal. Extracting the DC component of this will pro- 
vide a measure of the carrier frequency. The peak 
amplitude of the AC component is proportional to the 
deviation. Figure 1 shows a block diagram of a system 
designed to extract these parameters. 

The first step is to obtain a DC-coupled signal from 
the demodulator of your FM receiver. The entire signal 
flow from receiver to computer is shown in fig. 2A 
and the individual circuits detailed in the figs. 28 
through 2E. Figure 28 contains a circuit used with 
an old VHF Engineering transceiver; it should work 
with anything else using an LM 3065, an MC 1358, or 
a CA 3065 quadrature detector. (This part will have 
to be customized for your particular rig.) It produces 
a zero volt output for a carrier on the desired frequency 
and changes by a half volt for each kHz change. 

The next step is to extract DC and AC components 
of the signal with low- and high-pass filters (fig. 2C). 
U2 and associated components form a low-pass filter. 
Their output is proportional to the amount the incom- 
ing signal is off frequency. For example, - 1.5 volts 
means the signal is 3 kHz too low. 

The AC component, of course, is the audio. It is 
extracted by a high-pass filter composed of C3 and 
R12. This is fed through a full wave rectifier, peak 
detector, and another low-pass filter. R14 limits the 
peak current out of U4. (Without it, nasty spikes 
appeared on the power supply output). R18 boosts the 
gain slightly above unity to compensate for a small loss 
in the high-pass filter and peak detector. The result 

By John W.  Langner, WB20SZ, 115 Stedman 
Street, Chelmsford, Massachusetts 01824 
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fig. 1. Block diagram of system to determine frequency and deviation of received signal. 
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table 1. Integrated circuit pin designations for the 
supply lines. 

ground + 5 volts - 12 volts + 12 volts 

555 1 8 
74 1 4 7 
ADC0804 10 20 
1458 4 8 
74121 7 14 
AY-5-1013 3 1 2 
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grate your system with a computer to open up many 
possibilities for automated operation. If you have a 
computer with joy stick input, you already have a pair 
of analog-to-digital converters and don't have to build 
the rest of the circuit. For those with computers not 
intended for playing games, additional external cir- 
cuitry is required. 

The analog voltages must be converted to digital 
signals the computer can understand. This is accom- 
plished by the ADC0804 AID converters in fig. 2D, 
which convert a voltage in the range of 0 to 5 volts 

is a voltage proportional to the peak deviation, again into a corresponding number in the range of 0 to 255 
0.5 volt1kHz. in less than 20 microseconds. U7 and U8 determine 

To build a useful piece of test equipment, connect when to start the conversion. CR3 through CR6 pro- 
these voltages to a pair of meters. You can also inte- tect the inputs of U5 and U6 from voltages that could 
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damage them. CR3 through CR6 should not conduct to start the conversion? You wouldn't want to do it 
during normal operation. when an audio carrier is first detected because the low- 

A purist may wish to connect a precision 2.5 volt pass filters wouldn't have had time to settle down. And 
reference to the VREF pins. In its absence, internal you can't do it after the computer has received the 
voltage dividers use one half of the 5-volt supply. packet contents from the TNC (terminal node con- 

When should the A I D  converters be commanded troller) because the audio signal is long gone. I decided 

1 / 2  1 4 5 8  
OUTPUT f 2 . 5 V  

FOR CARRIER 

+5hHz  FROM 

D E S I R E 0  FREOUENCY 

i fig. 28. Parameter extractor. 

I fig. 2C. A I D  converter. I 

R 8  

I 8Ok  

R  9 
4 

F R E O U E N C I  OFFSET  

December 1985 43 

0 

-- 

l o o k  1 / 2  V O L T / b H r  

C 3  

5 . 6 k  

C  2  

R13 

0.1 

0 . 2 2  

1/2 1 4 5 8  CRI 

R I B  R19  

5 M  180h  

, I  

R I I  I / P  1 4 5 8  CRZ 

5 6 k  R14  R16  e - 
V ?  

O E V l A T l O N  
looh  l o o k  

- 1 / 2  VOLT/  kHz  

R12  

5 6  h 

0 . 2 2  



MODEL AC 3.5 - 30 
(formerly Model 370-15) 

Fully Assembled 52 OHM Only 90 feet long 
SWR less than 2:l from 3.5 thfu 30 MHz. Average SWR 1 d:1 
Will handle 1 KW power (2 KW PEP) 
Can be installed as f la t  top, sloper, or Inverted "V' 
Used the world over in gove rnmen t  & commercial communication 
installations 
ldeol tor all operations - amateur. commercial. MARS - any f requency  
f rom 3.5 - 30 MHz 

PRICE $1 5g5' 
R a  53 Ul Shimw onr Hor.dllnQ 

PATENTED 

ALL OUR PROWCTS MADE IN USA 

&p BARII(ER & WILLIAM80 
~ l l l t v  Communlcotlon Roducts Since 1932 
your Distributms. Write or call. 
Conol Street. Bristol PA 19007 
45) 788-5564 

17L-l illl n n- 
RELIABILITY 
&ACCURACY. 

Precision Quartz Crystals 70 KHz to 200 MHz. lnternatlonal IS a 
major suppi~er to the commerc~al ~ndustr ia l  and amateur crystal market 

Fm complae onlwmatm mlac t  wr sabs department 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
1 PO Rur (hi@ Il l1 West Yerlrnll OkiahamaLty UK '312b11320 l l o L j  71(,3741 Trkx 74' 117 

The "Flying Horse" 
has a great new look! 

It's the blggest change In Callbook hlstory! 
NOW there are 3 new Callbooks for 1986. 

The North Amerlcan Callbook lists the 
amateurs In all countrles in  North America 
plus those In Hawaii and the U.S. Possessions. 

The lnternatlonal Callbook llsts the calls. 
names, and address information for licensed 
amatcurs In all countrles outslde North 
Amerlca. Coverage Includes Europe. Asia. 
Afrlca, South Amerlca, and the Paciflc area 
(exclusive o f  Hawaii and the U.S. posses- 
sions). 

The Callbook Supplement Is a whole new 
Idea in Callbook updates. Published June 1. 
1986, thls Supplement wil l  include all the 
activlty for both the North Amerlcan and 
International Callbooks for the preceding 
6 months. 

Publlcatlon date for the 1986 Callbooks Is 
December 1. 1985. See your dealer or order 
now directly from the publisher. 

 north American Callbook 
incl. shlpping within USA $25.00 
incl. shipping to foreign countrles 27.60 

0 lnternatlonal Callbook 
Incl. shlpplng within USA $24.00 
Incl. shlpping to forelgn countries 26.60 

o callbook Supplement, published June 1st 
lncl.shlpplng wlthln USA $13.00 
Incl. shipping to forelgn countrler 14.00 

SPECIAL OFFER 
o Both N.A. 6. International Callbooks 

incl. shlpplng within USA $45.00 
Incl. shlpplng to forelgn countrles 53.50 

* . * * * . . . * * . *  
llllnols resldents please add 6'14% sales tax. 
All payments must be In U.S. funds. 

RADIO acallbmmk AMATEUR NC. 

uept. F 
925 Sherwood Or.. Box 247 
LaKe Bluff. lL60044. USA 

Tel: (312) 2346600 
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fig. 20. Parallel to serial converter. 
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AND VIDEO MODULATOR 
1 FOR TI. COMPUTER 

DELTRON MOOEL Q012115 1 7 
Dual plus and minus IZVdc open 
fraile power supply Can be used as 
24Vdc@ I 5amp INPUT elther 
115 Vac or 230 Vac 

C T S Model 883 

10 tor $22.00 LOO0 p c i  of i ~ n r  value $9.50 

6 1612SJT round 11.25each 
ULTRA-MINIATURE 

5 VDC RELAY 

decks would cost several lmes 
our selling price $1 purchased 
separately Build your awn audio 

PN3569 TO 92 N P N or dala recorder or use far spare 
parts 5"r X 3'2 x 3 ' 8  

1750EACH ZFOR $12.50 

18 volts Q 1 amp $4.50 
24 v.c.1.0 200 ma. $2.50 

SPECIAL PRICE $1.00 each 

4 VDC Q 70 ma. 
6 VAC @ 500 ma. 
6 VOC @ 750ma. 
B VDC @ 500 ma. 5 volt operation 

redlumboT 1% 24 VAC Q 250 ma. $3 00 
MULTI-VOLTAGE Q 500 ma. slze $l.OOeach 
3.4'/2.6.7'/?,9 or12VOC $7.50 

$1.25 each LO for $11.00 

LED HOLDERS 
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to sample the analog signals after the audio carrier had 
been present for approximately 200 milliseconds. This 
provides sufficient time for the analog components to 
settle down but is before the end of the shortest 
packet. A carrier detect signal is available at pin 5 of 
the parallel connector on the back of a TAPR TNC.* 
AEA and Heathkit units, similar to TAPR's, are prob- 
ably the same. 

The computer I'm using doesn't have any parallel 
input, but does have a spare serial (RS-232) port. The 
remainder of the circuit converts the parallel data into 
serial form for communication with the computer as 
shown in fig. 2E. 

"Tucson Amateur Packet Radio. 

When the computer wants to obtain the most recent 
measurements, it sends a character to the circuit. The 
UART (U9) converts the serial character to parallel 
form and causes U10 to generate a pulse. The least 
significant bit of the character comes out of pin 12 and 
selects one of the AID converters. The pulse from U10 
causes the UART to begin conversion of the data from 
parallel to serial form. 

The connections shown for PI  assume a computer 
port expecting a terminal. If using a modem port, use 
a DB-25s connector instead and swap the connections 
to pin 2 and 3. 

U11 determines the speed for communications. R32 
is adjusted for a frequency 16 times the desired baud 
rate, for instance 19200 Hz for 1200 baud. The com- 
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appmximale 
item dascriplion quantify cost 
Cl.C5 0.15 ,,F mylar (could 2 0.48 

use 0. I + 0.0471 
C2.C6 0.22 ,,F mylar 2 0.33 
C3.CIO.CI4 0.1 ,,F disc ceramic 3 0.15 
c 4  2 ,,F erectmrytoc (could 0.34 

use two 1 ,.FJ 
C7.CB 220 pF mica 2 0.42 
C9 I ,IF alectrolylic 0.17 
C l I . C I 2  100 pF mica 2 0.35 
C13 0.0068 mylar (could 

use 0.0047 + 0.0022) 0.24 
CRI.CR7 IN4148 or similar 7 0.10 
P I  DB.25P connsclor 2.39 
01.03 2N3904 or similar NPN 2 0.25 
0 2  2N4403 or simtlar PNP 0.25 
Rl.RZ.R2Z.R24. 
R25.R27.R34.R35 I 0  kilohm 
A3 10 kilohm. trim pol 0.29 
R4.R36 15 kllohm 
R5 12 kilohm 
R6 5 kllohm. 15 lum trim pol 1 19 
R7 2.2 kolohm 
48.R9 180 ktlohm 
RP.RIO.RI6. 
Rl7.R26 100 kilohm 
RI I .R I3  57 kilohm 
R12 5.6 kilohm 
A14 12 ohms 
R15 8.2 k~lhams 
A18 6 Megehms 
R2O.R21 2.7 k#iohms. ' d o s e l l  matched 
R23.R31.R38.R39 I kilohm 
R28 200 ktlohmr 
R29.R30 18 kilohmr 
R32 2 kllohms. 15 lurn lrim pol 1.19 
R33 3.6 ktlohmr 
R37 4.7 k#lohms 

fined 114 wall resirlorr 34 0.06 
U1.03 1458. dual op amp 2 0.59 
U2.W.Ul2 741. OP amp 3 0.35 
U5,US ADC 0804. analog lo  

d,g,lai convener 2 3.49 
U7.Ul I  555. lime, 2 0.39 
U8.010 74121. monoseble multiribralor 2 0.39 
U9 AV-5-10131, UART 3.95 

Appmrimale lolal 128.00 

'"01 m the catalog: posr lbk rubolilulionr are lndlcaled. 

fig. 3. Point-to-point wired circuits. 

pleted point-to-point wired circuits are shown in fig. 
3. Pin designations for the six integrated circuit sup- 
ply lines are provided in table 1. 

software description 
In the automatic answer mode, the station "adver- 

tises" the service available by beaconing and waiting 
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/* Snatch values from A/D * /  
/*  converters before they * /  
/ *  have more of a chance to */ 
/ *  change. */ 

n freq = adc-sample(0); 
n-dev - = adc-sample(1); 

/ *  Any processing of */ 
/ *  received record is now * /  
/ *  done. * /  
/ *  This could include placing * /  
/* on screen, printing, * /  
/ *  saving in a disk file, */ 
/ *  etc. * /  

/ *  Process calibration data. * /  
/ *  First scale and convert * /  
/ *  to decimal digits. */ 

/*  Ignore blank lines. * /  

if (Rrec - len > 0) 
( 

/ *  Approximate conversions: * /  
/*  (Extreme values won't get * /  
/* thru most receivers.) * /  
/ *  * /  
/ *  freq raw final text */ 
/ *  offset data number result*/ 
/ *  (kHz) 
/ *  ----- - - - - - - - - ----- * /  

* / 
/ *  -10 0 -100 "-10.0" */ 
/ *  -5 6 4 -50 "-5.0" */ 
/ *  0 128 0 ".OM * /  
/ *  +5 19 2 50 "5.0" * /  
/ *  +10 255 100 "10.0" * /  
/ *  * /  
/*  deviation 
/*  ----- 

* /  
* /  

/*  0 0 0 ".OW * /  
/* 5 128 50 "5.0" * /  
/ *  10 255 100 "10.0" * /  

n freq=((n freq-128)*100)/128; 
n-dev = (n-dev * 100) / 256; - - 

for mat(n freq, s freq); 
for-mat(n-dev, s aev); - - - 

/* Package compactly for * /  
/ *  screen or log file. * /  

if (n freq > 0) 
st rcpy ( s-compac t , 

strcpy(s-compact, " [  ' I ) ;  

fig. 4. Segment of a routine executed when connection 
is first established. 



norm - str("We1come to the WB20SZ 
automatic frequency/ 
deviation tester."); 

norm str(" " 1 ;  
norm-str("1nstructions:"); 
norm-str(" - 1. Send several 

non-blank lines."); 
norm - str(" 2. wait for reply 

after each."); 
norm - str(If 3. Ignore any 

occassional erratic 
values."); 

norm - str(" 4. Disconnect when 
done." ) ;  

norm-str(' " 1 ;  
norm - str("Recommended deviation 

is no more than 3 kHz."); 
norm - str("Anyone who disagrees 

with the results is 
invited"); 

norm - str("to supply a reference 
more accurate than my 
2AT."); 

norm str(" " ) ;  
norm-str(" - John" ) ; 

/ *  Open the log file. * /  
/*  Use the radio call with */ 
/*  ".CALM for file type. */ 

Fp - cal - log = fopen(temp,"a"); 

now = time(0); 
my - time(&now,date - and-time); 

fprintf(Fp-cal - log, 
"%s %s, %s\n", f name, 
1 - name, date - and-time); - 

/ *  Find out if direct * /  
/ *  connection or via * /  
/ *  digipeater(s1. * /  

function-key ( F  TNC-COMMAND); 
hang-around (1)T 
function-key ( F  CONNECT); 
normal key (cR); 
hang around (1); 
funcTion - key (F - CONVERS); 

/ *  Another routine, that * /  
/ *  determines types of * /  
/* messages from TNC, stashes */ 
/ *  away the connection path. */ 
/*  The closest digipeater, if */ 
/ *  any, is put in */ 
/ *  Digi - nearest and used in * /  

strcat(s compact, s freq); 
strcat(s-compact, "7 'I) ; 
strcat(s-compact, s dev); 
strcat(s-compact, - " - 1 " ) ;  

fprintf (Fp-cal-log,"%s\n", 
s-compact); 

/ *  Construct more self- * /  
/ *  explanatory form for * /  
/ *  report to user. * /  
/ *  Instead of signed number * /  
/*  for offset, give absolute */ 
/ *  value and "too low" or */ 
/ *  "too high." */ 

if (n - freq < 0) 
I 
strcpy(to0, "low"); 
for - mat(-n-freq, s - freq); 

1 
else 

strcpy(too, "high"); 

/ *  See if direct connection. */ 
/ *  If one or more digipeaters * /  
/ *  used, put call of closest * /  
/ *  one in the message. * /  

if (Digi nearest[O] == NUL) 
strcpy-(who, "Your"); 

else 
f 
strcpy (who, Digi nearest); 
strcat (who, "'s"T; 

I 

sprintf(message, "%s frequency 
is about %s kHz too %s. 
Deviation is about %s 
kHz.", who, s-freq, too, 
s - dev) ; 

norm-str(message1; 
1 

fig. 5. Segment of a routine executed when a record is 
received from the station being tested. 

for someone to connect. The user of the system is 
greeted with an explanation and a log file is opened 
(a program fragment is shown in fig. 4). For each 
record received, the AID converters are sampled. The 
numbers are scaled to appropriate bnits, formatted 
into a message and sent back (a program fragment 
is shown in fig. 5). The user, date, time, and meas- 
urements are saved in a file for later analysis. 

The method is certainly not foolproof. There is a 
chance that another packet's characteristics were Sam- 
pled in the time that it took for the line of text to be 
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table 2. Newsletters dedicated to digital communications 
via Amateur Radio. 

American Radio Relay League 
225 Main Street 
Newington, Connecticut 061 11 

Gateway: The ARRL Packet 
Radio Newsletter 

British Amateur Radio 
Teleprinter Group 
7 Daubeney Close 
Harlington, 
Dunstable, Beds, LU5 6NF 

DA TACOM 
Chicago Area Packet 
Radio Association 
21 W464 Army Trail Rd. 
Addison, Illinois 60101 

CAPRA Beacon 

Florida Amateur Digital 
Communications Association 
812 Childers Loop 
Brandon, Florida 3351 1 

FADCA> Beacon 

Georgia Radio Amateur 
Packet Enthusiast Society 
P.O. Box 1354 
Conyers, Georgia 30207 

Grapevine 

New England Packet 
Radio Association 
P.O. Box 15 
Bedford, Massachusetts 01730 

NEPRA PacketEar 

Northwest Amateur Packet 
Radio Association 
13304 131st street KPN 
Gig Harbor, Washington 98335 

Zero Retries 

Softnet User Group 
Department of EE 
Linkoping University 
S-581 83 Linkoping, Sweden 

Softnet News 

Sydney Amateur Digital 
Communications Group 
P.O. Box 231 
French's Forest, NSW 
Australia 2086 

The Australian Packeteer 

Tucson Amateur Packet 
Radio Corporation 
P.O. Box 22888 
Tucson, Arizona 85734 

Packet Status Resister 

Utah Packet Radio Association 
4382 Cherryview Drive 
West Valley City, Utah 84120 

UPRA Connect 

Vancouver Amateur Digital 
Communications Group 
9531 Odlin Road 
Richmond, British Columbia, 
Canada V6X 1 El 

The Packet 

transferred from the TNC to the computer. This is why 
instructions say to ignore any occasional erratic values. 

One puzzled ham connected and got all kinds of ran- 
dom frequency reports, even though he hadn't sent 
anything. It turns out that a playful Amateur continu- 
ally attempted to connect to my station while tuning 
his frequency back and forth. The solution was to rec- 
ognize and ignore the "**" Connect request ..." mes- 
sage from the TNC. 

There's also a manual mode that allows the system 
operator to perform measurements on another station 
by digipeating back to himself via the other station or 
just watching everything go by. The reporting and log- 
ging of measurements are naturally different, but the 
calculations are the same. 

You don't need a high-powered computer for this 
application - something like a VIC-20 and a little 
BASIC program will be fine. It is important to get the 
line of text from the TNC quickly (at least 1200 baud) 
and sample the AID converters before another packet 
comes along. After the data has been collected, 
there's plenty of time to do the calculations and pre- 
pare a response. 

calibration 
Proper adjustment is important to avoid giving incor- 

rect reports. The procedure is simple. All you need is 
an accurate RF signal generator and voltmeter. I used 
the popular ICOM model 2AT synthesized RF signal 
generator as my source. 

First set the signal generator (and receiver of course) 
to your local packet radio frequency. 145.01 MHz 
seems to be the most popular frequency in most parts 
of the country. Adjust R6 for zero volts at pin 7 of U1. 
Set the signal generator frequency 5 kHz higher and 
adjust R3 for 2.5 volts at the same place. Finally, set 
the frequency 10 kHz lower (i.e., 5 lower than origi- 
nal) and observe the voltage. It should be close to 
- 2.5 volts. 

If the negative voltage is much different than - 2.5, 
you have a linearity problem as I did. In this case, alter 
the setting of R3 until you set a DIFFERENCE of 5 volts 
between + and - 5 kHz input. At least this will give 
a fairly accurate deviation for signals on frequency. 

improvements 
The output from my receiver is not very linear. For 

instance, a station 2 kHz too high might be given a 
report that it's 2.5 kHz too high, while a station 2 kHz 
too low might be told he's 1.5 kHz off frequency. 
(Note: a person on frequency is told he is on fre- 
quency. The problem is non-linearity, not an offset of 
0.5 kHz.) Possible solutions are compensation in soft- 
ware, repair of the radio - or purchase of a new radio. 

The modems commonly used for packet require the 
two tones to be fairly close in amplitude. Hank, 
WBRLI, suggested measuring the amplitudes of the 
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tones separately. This would require two band-pass 
filters (for 1200 and 2200 Hz) instead of the high-pass 
filter made up of C3 and R12. An additional peak 
detector, low-pass filter, and A I D  converter would 
also be required. The deviation measurement would 
be based on the larger value. The difference in ampli- 
tude could be reported something like, "Amplitude of 
2200 Hz tone is 89 percent of other tone." 

conclusion 
Asking people to drag their equipment to a meeting 

for adjustment was not successful; the automated 
approach has produced much better results. During 
the first few days of operation about 20 stations tried 
out the system. (This might not sound like many but 
I'm running only 1-1 14 watts in a valley.) During later 
measurements, most stations that were substantially 
off had made correcting adjustments. 

For readers who wish to become better informed 
about packet radio, a list of organizations with news- 
letters oriented toward digital communications via 
Amateur Radio is shown in table 2. 
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ham radio 
low frequency DX 

No more about Ye DX bands 
Do Wilde Men push and pulle, 
Or talk about TA's, UJ's, 
Or toss about Ye Bulle. 
Ye Sunspot Cycle hath gummed Ye 

Game, 
Ye bands are dry as Snuffe. 
And many Hardy Souls, no doubt, 
Will find it hard to do Without, 
Excepting Thee and Me, Old Friend, 
Who Never Worked Ye Stuffe. 

This touching ode to DX, written by 
By Goodman, WIDX, in the late 
1940s, certainly applies to DX today, 
as far as I'm concerned. 

But while HF DXers may be moan- 
ing and groaning over the medicore 
conditions, low frequency DXers are 
having a fine time. Eighty and 160 
meters are jumping these days! 

A note from Bob Eldridge, VE7BS, 
tells of some of the DX worked in the 
Pacific Northwest: 

The Australian CW signals can be 
anywhere, usually below 1825 kHz. 
The VK SSB rag-chewing groups on 
daily are most often about 1832 kHz 
and 1825 kHz, with a few around 7815 
kHz. They are most consistent this 
time of year (early summer) when they 
can be worked virtually every morning 
(their evening). I hear them from about 
half an hour before sunrise to about 
half an hour after. At about the time 
they come up in strength here they are 
dropping out at W0.W lcoloradol, and 

he drops out to me at about the same 
time. He also hears them before and 
after his sunrise, so the VK opening to 
North America on 160 meters is quite 
long. 

But although the Spring equinox is 
the most reliable time for Pacific con- 
tacts, / notice looking back through 
the log that I had good DX contacts 
in January and February and some DX 
in every month of the year. This week 
(week of July 24th) everyone is on the 
lookout for T31AT (Kiribati) and 
A35PP l Tonga). 

VE7BS uses an inverted-\/ antenna 
with the apex at 105 feet and the ends 
about 60 feet (fig. 1). This is his "com- 
parison antenna" for the others that he 
has experimented with from time to 
time. Bob says it is broadside to 
Australia and Europe, but works rea- 
sonably well in all directions. Three 
parallel wires are used in each leg and 
the coax feedline is wound into an RF 
choke just below the feedpoint of the 
antenna. 

Another 160-meter antenna that 
VE7BS has used with success is the 
so-called "Lazy-U," shown in fig. 2. 
The vertical portion can be from 50 to 
100 feet long, with the horizontal por- 
tions bringing the system to resonance 
without contributing much horizontally 
polarized radiation. The VRBS "Lazy- 
U" worked better than the inverted-\/ 
in some directions and this was the 
antenna he used to land 5N8ARY 
(Nigeria). 

An interesting adaptation of this ver- 

tical antenna that some 160-meter 
DXers use is the so-called "G80N" 
antenna, named after the Amateur 
who popularized it on the band (fig. 
3). The antenna is a half-wavelength 
long, with the high current portion in 
the vertical plane. The wire is end-fed 
from the top end. 

In closing, Bob has some interesting 
remarks about radial systems, as ap- 
plied to 160-meter antennas. He advis- 
ed the 160-meter operator not to worry 
too much about extensive radial sys- 
tems. He says: 

I managed WAC on 160 meters with 
a vertical without any radials and 
K7VIC has one of the most potent 
signals on the band using a vertical 
top-loaded monopole without radials, 
so I wouldn't get depressed if I had no 
room for radials. For transmitting, I see 
nothing wrong with a 45-foot tower, 
top-loaded with a Yagi, working 
against a few properly disposed 8-foot 
ground rods near the base and a 
cluster of short radials or chicken wire 
mesh under the tower. As far as 1 can 
see, the main disadvantage of a rela- 
tively short, loaded vertical is the nar- 
row bandwidth achieved without 
retuning. 

For those west coast DXers in- 
terested in 160 meters, Bob recom- 
mends (and I concur) the 160 meter 
West Coast Bulletin, published by 
Dennis Peterson, N7CKD, 4248 A 
Street SE, Space 609, Auburn, 
Washington 98002. An SASE might 
bring you details from N7CKD. 
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Lv 
fig. 1. The inverted-V antenna for 160 meters at VE7BS. Wires all lie in the same plane. 
Apex is at 105 feet (32 meters). 

the effects of trees and 
vegetation on your signal 

From time to time I've received in- 
quiries from Amateurs asking what ef- 
fect upon their signals a nearby tree, 
or group of trees, might have. Since 
I didn't know, I could only reply with 
an evasive, ambiguous answer. My 
good friend Maw, WGFR, who was 
"bugged" by a tall tree into which his 
20-meter beam fired on the European 
path, was convinced that during the 
months the tree was in bloom with 
heavy foliage, his signal suffered. 
When pressed for specifics, however, 
he admitted under pressure that his 
often-stated conclusion was a hunch. 
The upshot of this was that his local 
DX competitors felt they had a psy- 
chological edge on Maw during the 
spring months when the tree was in its 
full glory! 

The JuneIJuly issue of Broad- 
casters ID (published by Information 
Dissemination, 2501 Hilldale Boule- 
vard, Arlington, Texas 76016) has 
some interesting information on this 
subject. In an article by E. J. Pryor, Jr., 
of Broadcast Technologies, Inc., the 
subject of foilage and vegetation is 

discussed, with respect to AM and FM 
broadcasting. The article says, in part: 

Almost any engineer at an AM direc- 
tional station could tell you that his ar- 
ray shifts each year due to the many 
factors which are related to seasons. 

In most cases, some of the changes 
can be traced to ground conductivity 
which varies due to the moisture, water 
table variance, and the temperature fac- 
tor in the area. Foliage growth has a 
direct effect on the radiation perfor- 
mance of your transmitting antenna.. . . 

The vegetation surrounding your 
transmitter plant absorbs and reradi- 
ates some of the energy radiated by 
your antenna. At AM frequencies, the 
vertical field can be reduced signifi- 
cantly by high grass and green trees 
near the antenna farm. At FM frequen- 
cies, thb signal loss can be approx- 
imately 2.5 dB. Above 1OYX) MHz, the 
losses due to ground scatter, signal ab- 
sorption, Fresnel zone losses and ter- 
rain can drastically change with the 
green season. Losses can be as much 
as 10 dB, or more. 

You can control the foliage on your 
property where your transmitter and 
tower are located. Regardless of your 
frequency, the area around your trans- 

12< J B M i  
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fig. 3. The G80N vertically polarized 
antenna. The vertical section can be as 
short as 33 feet (10.5 meters.) 

(2a 3 8 M )  

T~ 50 '  

mitter plant should be mowed regularly 
and kept free of trees. Trees have the 
greatest effect on your signal.. . . Tall 
grass, especially when green or freshly 
wet, can detune a directional array, 
upset drive point impedance, mutual 
coupling factors and significantly 
degrade the station's performance. 

While these remarks are aimed at 
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fig. 2. The VE7BS "Lazy-U" antenna for 
160 meters. 



vertical AM broadcast antennas and 
FM arrays, the ideas could apply to 
Amateur antennas. Most Amateur HF 
antennas are horizontally polarized, 
and my personal opinion (apologies to 
W6FRl is that nearby trees and foliage 
have relatively little effect on antenna 
performance in the HF region. In the 
case of vertical antennas, however, 
Mr. Pryor's remarks my be interpreted 
to mean that foliage and tall grass can 
affect the operation of the vertical 
antenna in the HFIVHF spectrum as 
well as in the broadcast band. 

I would appreciate hearing from 
readers who may have experience in 
this area to find out what effect, if any, 
nearby trees and bushes have on the 
operation of both horizontally and ver- 
tically polarized Amateur antennas in 
the HF and VHF regions. 

the WBSVM "shorty-forty" 
dipole 

A good idea and a catchy name! 
Jack, WBSVM, has spent considerable 
time and effort designing a compact, 
practical dipole antenna for city 
dwellers who don't have the space to 
put up a full-size 40-meter antenna and 
for various reasons don't want to use 
a vertical antenna. 

Jack wanted to build a simple, rugg- 
ed antenna that would not have load- 
ing coils flopping around out in the 
elements. He felt that a center loading 
coil could do the job, if the coil was 
made properly. After several months 
of experimentation, he came up with 
the antenna shown in fig. 4. Briefly, 
it's a center-loded dipole about half the 
size of the full dipole. The feedline is 
tapped on the loading coil in such a 
manner as to provide a good match to 
a 50-ohm line. The line is cut to an 
electrical half or full-wavelength and 
can be run directly to the transmitter 
or to a transmatch for maximum fre- 
quency flexibility. When used with a 
simple transmatch, the antenna has a 
500-kHz passband between the 1.5:l 
SWR points. 

The resonant frequency of the 
antenna is determined by the wire sec- 
tions. The difference in tip lengths be- 

A 

fig. 4. The "shorty-forty" dipole of WBSVM. 

tween 7.0 and 7.3 MHz is 10 inches. 
It's best, therefore, to cut the anten- 
na to that portion of the band in which 
most of the operating is to be done. 
Without the transmatch, bandwidth of 
the antenna is about 150 kHz between 
the 1.5:1 SWR points. 

The shield of the coax line is tapped 
to the center point of the coil and the 
center conductor is tapped off-center. 
Using the 18-foot, 6-inch (5.638 
meters) flat-top dimensions, the coil is 
tapped 11 turns off-center for opera- 
tion at the low end of the band and at 
nine turns off-center for operation at 
the high end of the band. 

Exact antenna resonance and the 
minimum value of SWR can be achiev- 
ed at any point in the band by chang- 
ing the tip length of the wires and the 
feedpoint on the coil. If operation is 
mainly confined to the high frequen- 
cy end of the band, the wire sections 
can be reduced in length to 17 feet 8 
inches (5.384 meters). All in all, the 
design is quite flexible and the reso- 
nant frequency and impedance match 
can be varied at will to suit any spot 
in the band, and also to match a 75- 
ohm transmission line, if desired. 

The antenna can be erected in the 
conventional fashion or made into an 
inverted-V, with the end tips close to 
ground level. For best results, the 
center of the antenna should be from 

30 to 50 feet (9 to 15 meters) in the air, 
and relatively clear of nearby objects. 

While W0SVM doesn't mention it, 
I've found it helpful in some cases to 
wind the feedline into a choke coil 
directly below the antenna feedpoint. 
This reduces the RF field on the out- 
side of the coax line and can reduce 
TVI in some instances. Of course, if 
the feedline is run parallel to the anten- 
na after the choke is installed, all bets 
are off because the antenna will be 
coupled to the feedline by mere prox- 
imity. It's best to bring the feedline 
down vertically below the center of the 
antenna to ground level, or to the level 
of the station, if it's located on a higher 
floor. Running the feedline parallel to 
the antenna element(s1 is bad practice, 
regardless of the type of antenna used. 

do you have an unusual 
antenna? 

Do you have an unusual antenna in- 
stallation that would be of interest to 
readers? If so, I'd like to see it. Just 
send a clear pencil sketch of the anten- 
na, including dimensions and the elec- 
trical characteristics, such as the SWR 
or operating bandwidth. A good black- 
and-white photograph is always ap- 
preciated, if the antenna can be 
photographed! (It's very difficult to 
take a decent picture of a wire anten- 
na - although I have a friend who got 
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Introducing the BUTTERFLYTM 
Beam from Butternut! 

The HF4B Compact, 2-element 
Beam for 20-15-12-10 meters 

good pictures of a wire antenna by tak- 
ing the picture at night, using a camera 
with a flash attachment.) 

Antennas featured in this column 
will win their owners an autographed 
copy of my Beam Antenna Hand- 
book. * For those who don't have an 
inspirational antenna to talk about, the 
handbook is available from Ham 
Radio's Bookstore. 

MXHNY 
In closing this December column, I 

wish my readers a Merry Christmas 
and a Happy New Year. And may DX 
be good to you in 19861 

'Available from Ham Radio Bookstore. Greenville, New 
Hampshire 03048. 59.95 plus $3.50 shipping and 
,an,lins. 
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Compact Size Performance 
The HF4B's 12'/~-foot elements and 6-foot The HF4B RIJTTERFLY '* has not 
boom are ideal for home-station use and sacrificed performance for compactness. 
for weekend retreats, condos, apart- Its unique!deslgn with fanned elements 
ments and other places where oversized and L-C circults avolds use of power- 
beams are prohibited. Its light we~ght robbing traps yet provided high-efflciency 
(17 pounds) means ~t can be turned with operating on all bands. The RUTTERFLY '" 
a hr rotator, yet ~t IS robustly con- outperforms anything in its class. 
structed In the best tradition of our 

The HF4B offers an SWR of 1.5:l or less at world-famous Butternut verticals. 
resonance. Its 2: l  bandwidth is 200 kHz on 

See your authorized 20 meters. 450 kHz on IS. 1.7 MHz on 10. Drake 424s wtth Down convener------w18 
and across the entlre 12 meter band. And it 

Butternut dealer Un~den UST 2000 wllh down converter----------a235 
will handle the legal power llmits both CW 8 Un~den UST 7000 wlth BOC and 18 inch arm-41WB 
SSB. Ga~n is at least 3 dB on 20. 4.5 dB on JANIEL BCR-2000 wtth Blmk down converter-$313 
15 and 5 dB on 10 8 12 meters. Front-lo- - ANTENNAS - ANTENNAS - you pay shipping 

backisupto 18dBon 10. 12and20m, and Raydx 8 5 1001-4563 Raydx 10 5 1001---a632 

upto15dBon 15m. Luxor 10 5 1001---$575 

nf sek. Chawrral. Ofake. Luxor. MIA Cwn. STS Panasonlc. 

BUTTERNUT ELECTRONICS CO. 
Hwslon tracker. Untden. Toki. Hym.  Cal amp. MTI. Penlec. 
SaT-Tec. a d  aUmrsr 

405 East Market Street 
Lockhart. Texas 78644 prtces are wWl lo  m. Call 

ttme Tslaphm 1-2C237.123l 

DX'ERS MAGAZINE 
For over 17 years. Gus's DX'ERS MAGAZINE has 
brought thousands of DX'ERS worldwide, timely. 
pertinent information on when and where to find 
those elusive DX stations. inner Handle Available 
Gus's personable, chatty writing style and his years 

-- of DX operating experience makes the DX'ERS 
MAGAZINE a unique publication. One year $14 00 
USA. Canada & Mexico. 
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WSPA CAN RESCUE FLOOD VICTIMS 
FASTER WITH YOUR HELP 

NAME 
ADDRESS 
PHONE 
CALL 
EQUIPMENT AVAILABLE 

When DISASTER Strikes 
YOU May be the Animals' Only Hope 

The World Soriety 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, flotxl, earthquake, volcanic 
eruption, oil spills, and civil unrest. 

To a\\ure the qu~ckest response to these disasters, 
WSPA needs the help of ham rad~o operators In the 
Un~ted States and abroad who can relay cr~t~ca l  Infor 
matlon to and from ~nternatlonal trouble spots 

WSPA i\ the only organization officially recognized by 
the United Nations as a consultant on animal disaster 
is\ues. Wc. urgently need you and your radio. To 
register .I\ an animalemergency operator, simply fill 
out the coupon and mail it to WSPA, Wrst~rn 
Hemisphere Regional Oific-e, 29 Perkin\ St., POB 190, 
Boston, MA 02130. We'll be depending on you when 
animals are in jeopardy. 



MON-FRI 9 AM - 6 PM CENTRAL TIME 
"BENCH-TESTED" SATURDAY 9 AM - 5 PM 



NOW Sinad CAN 
BE MEASURED WITH 

YOUR VOM 
Quickly tune Receivers. Cavities. 

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

SINADAPTOR SAl-01 

NY re5 add 7% saks lax 

J.S. Technology, Inc. 
39 Main Street 

fl 189 I 518 WAVELENGTH I 
MEMUM DUTY ANTENNA ROTOR 

Selecl a Head~ng  - Antenna 
Turns and Slops Autornat~cally 

" 511632 tor old TEMPO 22.95 
" BNC connector 19.95 
" PL-259 wlM-359 adpt. 22.95 

220-225 5/16-32 lor old TEMPO 22.95 
" BNC connector 19.95 

440-450 5/16-32 lor HT-220 22.95 
" 1/4-32 l lud 22.95 
" BNC connecta 19.95 

Lamest Selection of Telescodc Anten- I 
G,?I POWER to y o u '  antenna' Our Baluns ar? 

a--- - -  ~ ~ 

already wound and ready tor 8nslallallon In yuuf 
nas. Write for Info. Prices are postpaid 

lransmalch or you may enclose them In a via UPS to 48 States. For air delivery 
~ealherproot box and connecl them d~reclly at . , . . . ,  , , ,  via UPS Blue add $2.25. Florida add 5% 
Ihe anlenna. They aredes~gned for 3.30 MHzoP. . /(,.I , , I . . ,  I...,, r . I #  . , ' .  3'. 

eralron (See ARRL Handhook paQeS 19-9 Or 
6.20 lor conslructlon delalls I . ,L<, ,> . ,O,  ,, a",,,,, ,<.,?,I\ ,,#,,, Y ) . ~  VDC 
iwwna(41.s :1 .91.~ 1:l 1mp.d.m.-%kt-I 19.50 
Unare~.l Tnnrntch 1 KW 14.1 Impd.rr.1 13.50 
un~.ru~ ~nnm.!cn 2 KW (4:1 ~mpd*nc.) lB.W 
Unlr.?ul Tr.n.m.lch 1 KW (6.1. 9 1 0,  1 1 - u-I m) 15.W $ran<irl<t,lr 

Un$rerull Tr.n.m.fch 2 KW 16.1. 9 I or I 1 - u l w l  ml 17.50 

Please rend large SASE lot lnlo 
CUC COWUU,KAllCUS 
9 . q  J,.,li .. A#.,( ig I ' 13611 ( 8 1 3  885 3% in 



Determining the next step 
in flexible, robust 

digital communications 

AMTOR, AX.25, and HERMES: 
a performance analysis of 

three systems 

AMTOR and the AX.25 packet protocol are cur- 
rently being heralded as the state-of-the-art in Amateur 
digital communications. This article reports the results 
of an objective performance analysis of these two sys- 
tems, and compares each to HERMES, a third, newly 
proposed system. Four performance measures are 
described and applied to each system. 

applications 
In order to choose reasonable conditions under 

which to evaluate the performance of competing com- 
munications systems, it is first necessary to look at 
the ways Amateurs actually use digital communi- 
cations. 

If you listen to normal RTTY traffic on the HF bands, 
you'll find that most Amateurs are engaged in casual 
conversation. These QSOs are almost exclusively con- 
ducted at a 45 baud (60 WPM Baudot) channel rate, 
with throughput usually limited by the speed at which 
the respective operators can type. While some of us 
can type fast enough to keep a 45 baud system run- 
ning fairly continuously, most cannot. 

Other users - though fewer in number - are in- 
volved in RlTY traffic nets, using computers or RTTY 
equipment to relay third-party message traffic. 
Although surprisingly little RTTY traffic handling 
actually occurs (compared to the amount handled by 
CW or SSB) at this time, the availability of improved 
digital communications schemes may help to encour- 
age the growth of this type of activity. 

Some users employ computer data transfer for traf- 
fic handling. It is primarily this application for which 
the AX.25 "packet" systems are designed. And on 
VHF, packet radio activity is growing rapidly. AX.25 
has the capability of supporting conversation just like 

RTTY, as well as direct computer-to-computer data 
file transfer. 

I believe we should push for a single digital com- 
munications scheme that can adequately support all 
types of users at both HF and VHF, including satellite 
links. Such a system is not currently in use, nor has 
one yet been proposed. 

Two of the three classes of users described above 
are dealing exclusively with plain language text, using 
the Baudot alphabet (or the AMTOR variation of the 
Baudot alphabet). Computer hobbyists are using 
ASCII, sending it in an eight-bit format so that arbitrary 
computer data (as well as text) can be transmitted 
within that scheme as well. Whatever digital scheme 
we agree to accept as standard, it should support both 
types of alphabet. 

Those using digital communications for casual con- 
versations are probably not too worried about a few 
errors now and then in the received text, but would 
like to see the channel processing their data fast 
enough (100 bps is probably sufficient). On the other 
hand, the other two user classes have no tolerance 
for any hits, and are willing to sacrifice some channel 
throughput to attain the required reliability. It would 
be best to have a system that could be conveniently 
optimized by the operator for each of these different 
applications. 

comparing systems 
The following four criteria are useful in comparing 

the various systems available: 

Throughput under ideal channel conditions. An 
"ideal" channel introduces no errors, thereby allow- 

By Jerome T. Dijak, W9JDI4, 2736 Gwynn- 
brook Road, Montgomery, Alabama 361 16 
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ing the communications system to run at its highest 
possible rate. (This is expressed in characters per sec- 
ond (cps).) 

Robustness. This is the probability, expressed as 
a percentage, that the system will falsely accept ran- 
dom noise or badly corrupted characters as valid. Any 
system must reject (or correct) all corrupted data 
received under these conditions with high reliability - 
i.e., have a very low probability of falsely accepting 
corrupted data characters as valid. (The mathematics 
used to compute this probability for each of these two 
systems evaluated is presented in the appendix.) 

Bit Error Rate (BER) required t o  stop progress 
(expressed as a percentage). It is assumed that ran- 
dom bit errors are occurring at a certain rate. How high 
must this error rate be to prevent the system from 
occasionally transferring data successfully? Under 
these circumstances, the throughput of the communi- 
cations system is sharply reduced since there are many 
repeats. But we want the system to make some prog- 
ress - occasionally, data should be correctly trans- 
ferred and acknowledged by the receiving end. Other 
things being equal, it is desirable for a system to be 
able to tolerate as high a random BER as possible be- 
fore forward progress is stopped. 

Min imum Required Error Free Seconds 
IMREFS) to maintain progress in forward data trans- 
fer. Here a channel generating "burst" errors is as- 
sumed. The channel makes no errors for a certain 
length of time, and then becomes unusable for a cer- 
tain length of time (an error burst). An interesting 
parameter of a communications system is how short 
the "good" period of the channel may be while still 
allowing successful and correct data transfer to occur 
occasionally. Other things being equal, a system 
should have a low MREFS requirement. 

To make reasonable comparisons, we will assume 
that each of the packet protocol systems is being oper- 
ated with the same type of channel, arbitrarily a 100 
bps synchronous channel such as that specified for 
AMTOR, with a 20 millisecond allowance for radio 
turn-around from transmit to receive and vice-versa. 
For consistency, it is assumed that a 5-bit symbol 
alphabet (Baudot) is being used when specifying 
throughput performance, even though any of the sys- 
tems can transfer Baudot, ASCII (7-bit), or arbitrary 
computer data (8-bit) by employing appropriate alpha- 
bet conversion subroutines. 

Figure 1 illustrates AMTOR in operati~n.',~ In the 
ARQ mode, AMTOR sends three 7-bit characters and 
then pauses for an acknowledgement signal (one 7-bit 
character) from the receiving station before proceed- 
ing with the next three-character group. If no acknowl- 
edgement character is received, the last 
three-character group is repeated. 

T I M E  - 
1 - 1  

SENDER-1-1 / = I  
1 1 1  f r i r  1 r r r  

R E C E I V E R  

I 0 0  B P S  SYNCHRONOUS 

fig. 1. AMTOR ARQ mode. 

16 B Y T E S  3 B I T E S  1 1 DATA 1 
AOOR/CONTROL ( 0 -  256 B Y T E S )  C H E C K ~ F L A G  

fig. 2. AX.25 packet format [no repeater ID bytes). 

Time relationships are quite specific. AMTOR 
spends 210 milliseconds sending each group, and 240 
milliseconds waiting for the acknowledgement before 
sending the next group. 

Like Baudot, AMTOR uses a 32-character alphabet, 
but uses 7-bit symbols instead of the Baudot's 5-bit 
symbols. Each AMTOR symbol is composed of three 
0 bits and four l's, allowing it to detect errors in its 
received data (sometimes). To do this, AMTOR uses 
a simple parity check. Each received character must 
have four 1 bits and three 0 bits; if it doesn't, an error 
is flagged, and the entire group is discarded and must 
be repeated. 

If the channel makes one bit error per character (or 
any odd number of bit errors per character) this simple 
parity check successfully detects the error. But if the 
channel reverses two (or any even number) of the 
character's bits, its 413 parity ratio will be preserved 
even though it has now been transformed into a differ- 
ent character of the alphabet. Under these conditions, 
the AMTOR code will fail to detect the error. 

With the channel producing few errors, it is likely 
that no more than 1 bit error per character will be ex- 
perienced. When the channel is very poor, however, 
and is making many bit errors, one has about an equal 
chance of experiencing an odd or even number of er- 
rors. Consequently, there is a 50 percent chance of 
an incorrect character unintentionally satisfying the 
parity check. 
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packet system design 
Good references for a detailed description of the 

AX.25 or "packet protocol" are a~ai lable.~,~ AX.25 is 
an adaptation of the 15-year-old data communicatons 
protocol pioneered by the Defense Advanced Research 
Projects Agency in the 1960s for error-free communi- 
cations within telephone computer networks. This pro- 
tocol assumes a telephone channel, or a channel of 
similar quality (in terms of signal-to-noise ratio, baod- 
width, and lack of interference) in its design. 

Figure 2 shows the current AX.25 packet makeup: 
16 bytes or more of synchronizing and header infor- 
mation at the beginning of each packet, followed by 
up to 256 bytes of information, with the packet fin- 
ished out with three final bytes for error checking and 
flagging the end of the frame. If the packet has been 
processed by one or more repeaters, seven additional 
address bytes are added to the packet to identify each 
repeater, up to a maximum of 9. For purposes of this 
discussion, use of a simplex channel only, with its re- 
quirement for only 19 overhead bytes in an AX.25 
frame, is assumed. 

Although AX.25 includes a significant amount of 
overhead in each packet, it is a very good system in 
light of the environment for which it was originally 
designed. It is not, however, ideal for use on a chan- 
nel that doesn't look much like a telephone channel 
- a narrowband HF channel with fading, noise, and 
a high error rate, for instance. 

Because this system was designed for transmitting 
computer data, it contains a robust error detecting 
scheme that provides a good probability of detecting 
a garbled block regardless of the source or severity 
of the errors. 

Figure 3 shows the flow of activity on a packet 
channel. Since just one block at a time is sent, and 
each block must be acknowledged by the receiving 
station before the next block is sent, a certain amount 
of channel time is inevitably spent waiting. For our 
analysis, delays similar to those used with AMTOR are 
assumed. 

The packet protocol is somewhat adaptive. Depend- 
ing upon channel conditions, the operators can ad- 
just the length of each packet by controlling the 
number of data characters sent (up to 256) in each 
block. Thus, when conditions are good and the chan- 
nel is rarely making errors, a full-size block may be 
used, with a correspondingly small proportion of the 
channel time wasted in packet addressing overhead 
and waiting for acknowledgements. On the other 
hand, when the channel is very bad, the character 
count can be greatly reduced to shorten the packets, 
thus improving the chance of their being received 
error-free. Very short packets are quite inefficient, 
however, because of the addressing bytes that must 
always be included. 

* 

T I M E  

4 . 3 6 - 2 2 . 0  rn 
S E N D E R  - 1-1 (pzFEiiq 

1 
R E C E I V E R  - t rl- 1 . 5 2  S E C  

1 0 0  B P S  SYNCHRONOUS 

fig. 3. AX.25 channel activity. 

For our purposes, then, we will examine the packet 
systems running with both maximum length packets 
(even though, in practice, hams rarely use more than 
about 80 data characters per packet) and extremely 
short packets (only 16 data characters) as well. 

r 
P 

2 S Y M B O L S  

FL  AGr'ADDR 
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HERMES system design summary 
HERMES was designed to be superior to both 

AMTOR and AX.25 in the Amateur narrowband HF 
environment. The latest version of a system described 
in reference 4, HERMES has been used experimen- 
tally for the past several years. 

The key to HERMES is the use of a Reed-Solomon 
forward error-correcting code. The chosen code uses 
a 5-bit symbol alphabet and 31 symbols per block; a 
typical frame is diagrammed in fig. 4. The coder and 
decoder are adaptive - i.e. the ratio of data symbols 
to check symbols in each block is controllable by the 
operators to allow optimization to channel conditions. 
The check symbols add redundancy to the data in a 
special way that allows the system to mathematically 
correct some symbols in each frame that have been 
altered or destroyed by the channel. (Reference 4 also 
provides additional details on how forward error cor- 
recting systems work. 

This feature allows HERMES to perform efficiently 
when channel conditions are favorable, as well as 

9 - 2 7  SYMBOLS . 
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9 - 2 0  SYMBOLS 

I N F O R M A T I O N  1 -  CHECK 

I 

fig. 4. HERMES frame format (Chit symbols). 



when the channel conditions are poor (in this case data 
transfer efficiency is traded off in favor of gaining addi- 
tional error correcting capability). 

HERMES uses a protocol that assumes a single link 
(i.e., a pair of stations in contact), but is also designed 
to accommodate net type operations. Unlike AX.25, 
it is not configured to allow several simultaneous and 
independent QSOs on a single channel, thus greatly 
reducing the number of overhead bytes that must be 
transmitted in each block. 

The system is designed to handle Baudot charac- 
ters, and conversions of 7-bit ASCII characters and 
arbitrary 8-bit bytes directly, so that all types of data 
can be handled with the same efficiency. 

The operator can choose any of 48 different config- 
urations that have been implemented; these support 
16 different modes in each of the Baudot, ASCII, and 
byte communications modes. Data transfer efficiency 
of the system ranges from 93.5 down to 32.3 percent, 
depending on the degree of error correcting capability 
chosen. The probabilities of falsely accepting cor- 
rupted data as valid vary from 2.6 to 0.0000009 per- 
cent; error correcting capabilities vary from 0 (error 
detection only) to 11 symbol errors per block (35 per- 
cent correction capability). 

The system can function in an ARQ mode or in a 
broadcast mode in which no acknowledgements are 
sent. In the ARQ mode, HERMES sends from nine 
to 27 data blocks per transmission (depending upon 
system configuration), after which the link is turned 
around, and the receiving station sends one "acknowl- 
edge" frame to identify all the blocks that were 
received correctly or were correctable. This pattern is 
illustrated in fig. 5. Since the ratio of data frames to 
acknowledge frames is quite high, there are relatively 
few link turn arounds and little wasted link time spent 
waiting for radios to switch. In the broadcast mode, 
HERMES sends the data frames using the same code 
configurations, but does not wait for acknowl- 
edgements. 

AMTOR (ARQ) analysis 
AMTOR sends three characters (requiring 210 milli- 

seconds), then pauses for 240 milliseconds to allow 
the acknowledge signal to be received. Therefore 3 
characters require 450 milliseconds to send under ideal 
conditions, resulting in a 6.67 cps throughput. 

Under conditions of no signal (random noise input 
only), AMTOR will recognize a "block" only if it sees 
three valid characters. Since there are 34 legal charac- 
ters out of the 128 possible 7-bit characters, the prob- 
ability of any single character looking valid, with 
random input, is 341128 = 0.266. The probability that 
three such characters in a row are received with only 
noise input is the third power of this number, or about 
1.9 percent. 

Under very noisy signal conditions, in which we 
assume that many bit errors are being experienced, 
and we assume that a valid signal is being received 
in addition to the noise, we have a 50 percent chance 
of experiencing an even number of bit reversals in the 
received characters. If the odds of receiving an incor- 
rect, but valid-looking, character are 50 percent, then 
the probability of receiving three of these is the third 
power of 0.50, or 12.5 percent. This second case is 
really more relevant to our discussion, and it is this 
number that we'll use for our robustness figure for 
AMTOR. 

Just one bit error during each 450 millisecond is 
enough to stop data transfer progress with this sys- 
tem. This bit error would either corrupt the data trans- 
mission or the acknowledge signal, and the corruption 
of either is sufficient to force a repeat. Once we con- 
tinually force repeats, the forward transfer of data has 
stopped. One bit in 450 milliseconds at a 100-bps data 
rate corresponds to a 2.22 percent BER. 

To get data through once in a while, AMTOR needs 
to occasionally obtain a 450 millisecond window of 
error-free transmission by the channel. Therefore, for 
this system, MREFS = 0.45. 

maximal frame packet analysis 
A maximal length frame (256 data bytes) is used to 

configure the packet system for performance under 
ideal conditions. Without the repeater addressing 
bytes, the standard AX.25 packet requires 19 bytes 
of overhead for addressing and error checking, so the 
complete frame is 275 bytes long. 

The AX.25 acknowledge frame would consist of just 
the 19 overhead bytes. With 22.0 seconds required to 
send the 275 byte information packet at 100 bps and 
1.52 seconds required to send the acknowledge packet 
(plus two 20 millisecond intervals assumed for radio 
switching), the system requires 23.56 seconds to trans- 
fer one frame under ideal conditions. This corresponds 
to 10.86 cps for &bit characters, or 17.36 cps for 
equivalent 5-bit characters (409 5-bit characters can 
be loaded into the 256 byte data frame). 

By the nature of the 16-bit CRC (Cyclic Redundancy 
Check) code used for error detection in the AX.25 for- 
mat, the probability of a corrupted block being falsely 
accepted as valid is 1.53E-5 (0.001 53 percent), regard- 
less of whether we are talking about random noise or 
a noisy signal input to the system. The CRC is a much 
more sophisticated algorithm than the simple parity 
check used in AMTOR, and is much more robust in 
the presence of massive channel errors. 

Since AX.25 is only an error detection scheme, one 
bit error occurring during every 23.56 seconds would 
destroy the correctness of either the data frame or the 
ACK frame, and in either case the data frame would 
need to be repeated. Therefore, a random BER of 
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Everythmg from Superman I11 
to Super Bowl XX. 

Movies. Sports. News. Entertainment specials. 
Music videos. 

Everything you always wanted to see on 
television but were afraid you'd never get. 

Over one hundred channels of spectacular 
entertainment. Of crystal clear reception. 
Throughout the house. 24 hours a day. 
With no monthly fees. No cable TV. 

Come see the entire line of Uniden 
Satellite Television Systems. It's legal. 
It5 affordable. And it's a whole new 
world of television. Right in your own 
backyard. 

I ' \ I  I l l )  \1111.1111;1 

Satellite Television Systems 

2410 Ridge Road West 17 Industrial Street 
Rochester, New York 14626 Rochester, New York 14614 
71 6-225-61 30 71 6-454-3630 
1-800-824-501 4 1-800-824-5014 
Sales Service 

NATIONAL: 1-800-732-TVRO 

More Details? CHECK-OFF Page 134 

J 173 
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ICOM offen a variety of 
UHF gear t o  meet your 
operating requirements ... 
the IC-471H base station 
transceiver, IC-47A compact 
mobile, IC-MAT o r  IC-4AT 
handheld transteiven, and 
the RP-3010 crysul controlled 
repeater. 

The IC-471H all mode 
430-450VlHz base statlon 
transcervt-r prov~des 10 to 75 
watts of ;ldjtlst;lble power. 
With 32 full-functlon memories, 
32 PL tones, memory scan, 
mode scan and programmable 
band scan, the IC-4 71 H pro- 
wdes marlmum UHF base sta- 
tron perfcrmance The IC-471A 
25 watt version IS also avarlable 

The IC-47A 25 watt 
440-449.995MHz ultra- 
compact FM mobile provides 
superb performance In the 
moblle environment. Measur- 
ing only 5%" wide by 1"1" high 
by 9 deep, the IC47A also 
features nlne full-function 
memories, 32 built-in PL tones 
and a complete scanning 
system. Each unitcomesstan- 
dard with an HM-23 mic with 
up/down scan and a mobile 
mounting bracket. 

Optional AG-35 
Mart Mounted - 
GaAsFET 
Preampllfler 
for IC471H _ # I  I 

The IC-04ATtop-of-the- 
line UHF handheld features 
DTMF direct keyboard entry, 
LCD readout. 32 PL tones. 3 
watts standard (5 watts 
optronal) and 10 memories 
wh~ch store duplex offset and 
PL tone 

The IC-4AT handheld 
features 440449.995MHz 
coverage, a DTMF pad, 1.5 
watts output and thumbwheel 
frequency select~on. 

The IC-04AT and IC-4AT 
come standard with an IC-BP3 
NiCd battery pack, flexible 
antenna. AC wall charger, belt 
clip, wrist strap and ear plug. 
PLUS a wide variety of sllde-on 
battery packs and accessories 
are available. 

The RP-3010 crystal con- 
trolled UHF repeater covers 
from 430-45OMHzand In- 
cludes CTCSS, 3 digit DTMF 
decoder and CW ID'er. 

See ICOM's full l lne of 
UHFgearatyour local ICOM 
dealer. 

7 9  
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ICOM's three ultra com- 
pact moblles ... the IC-27A 
2-meter, the IC-37A 220MHz 
and the IC-47A 440MHz ... 
are the smallest mobiles 
available. 

Even in such a small pack- 
age the 25 wan moblles 
contain an  internal speaker 
which makes them fully self- 
contained and easy to  
mount. 

Size. The ICOM compacts 
measure only S l / ? " W  x I!'/"H x 
7"D (IC-47A is 9" deep) ... 
which allows them to be 
mounted in various "compact" 
locations. Yet the compacts 
have laroe operating knobs 
wt11ch are easy to use in the 
mobile environment. 

More Features. Other 
IC-2 7A/37A/4 7A standard 
features Include a moblle 
mount, IC-HM23 DTMF mic 
with up/down scan and 
memory scan. and internally 
adjustable transmlt power. 
An optronal IC-PS45 sl~m-line 
external power supply and 
IC-SPIO external speaker are 
also available. 

32 PL Frequencies. The 
IC-27A/37A/4 7A come com- 
plete with 32 PL frequencies. 

9 Memories. The compact 
mobiles have 9 memories 
which will store the receive 
frequency, transmit offset, off- 
set direct~on and PL tone. All 
memories are backed up with 
a lithium battery. 

Speech Synthesizer. To 
verbally announce the receive 
frequency, an optional UT-16 
volce synthesizer is available. 

Scanning. The ICOM 
compacts have four scanning 
systems ... memory scan. band 
scan, program scan and prlorlty 
scan. Priority may be a memory 
or a VFO channel ... and the 
scanning speed is adjustable. 

S txk ing  M o b l ! ~  Mounts. 
The IC-27A/37A/47A can be 
stacked to provlde a three 
band mob~le station Each 
band IS full featured and wrll 
opfrate even when another 
band IS In use 

The IC-27A/37A/'47A pro- 
vide superb performance In 
the mobile rad~o environment. 
See them at your local ICOM 
dealer. 

First in Cominunications 
Ic 147 ICOM America, Inc., 2380-116th Ave NE, Beilevue, WA 98004 / 3331 T o ~ T W O o d  Drive, Suite 307, Dallas. TX 75234 

AII ~ ( l t d  mec~ncatlons are approxlmatr m d  wb)m m change wtrnwt notlrc or ebltgatlon All ICOM ,ad101 ,ignlnumly err& FCC rrgulrtlon% Ilmlranq qpurlou$ rml,%lons MOBILES3BS 



Message 
MasterTM - - - 
Real-voice message system 
For any repeater or base 

Now you can communicate vital information even when Create messages Just by talking.. Message Mastefl 
the station you are calling is not on the air - with 'real-volce' technique saves YOUR VOICE In dlgltal 
Message Master. Message Master is a solid state voice memory to deliver messages In your own volce, Ian. 
recording system which can record messages just by guage and dlalect. 
listening to you speak, store messages in memory, and 
deliver messages on demand. If you can't be there to Mailbox-style operatlon glves lndlvldual message 
deliver your messages let Message Master deliver them dellvery senlce to 100 system users. 
for you - any messages in any languageand in your own 
voice! Easlly added to any repeater or base atation for re- 

mote operatlon wlth only four connectlons. 
Message Master connects easily to any radio system for 
remote access: repeaters, base stations, even transceiv- Specla1 features Include callslgn IdenHflcatlons, tall 
ers. It can even be connected to an autopatch device to messages. and bulletln messages. 
exchange messages between your radio system and the 
telephone network. Dlgltal message storage provldes instant playback ol 

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 0 
With 8 minutes of message storage it can store mlnutes of total message storage. 
hundreds of messages simultaneously making it ideal 
for large, active repeater groups. 

Would YOU like your callsign identifications. Serving all Your repeater needs 
tail messages, and bulletin messages sent in 
real-voice? M~~~~~~ M~~~~~ can send them - Mark 4 Repeaters and Repeater Controllers are THE PER- 
too. Record Several identification messages FORMANCE LEADERS with real voice, more autodialnumbers, 

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 and all call messaging. 

: COMING SOON: A 4-channel re 
fl IM ceiver voting system which oper 

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

KENDECOM INC. 23 Elm Park 
' MICRO CONTROL SPECIALTIES 

. . Groveland, MA 01834 
. . 

. ... (61 7) 372-3442 
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fig. 5. HERMES channel activity. 

112356 or 0.042 percent would stop all progress for 
AX.25 in this configuration. 

By the same token, to get data through once in a 
while, the channel must occasionally be good for at 
least 23.56 seconds at a time. So MREFS - 23.56. 

minimal frame packet analysis 
When channel conditions are very poor, we would 

want to operate the packet system with a very short 
frame - let's say just 16 data bytes, in addition to the 
19 overhead bytes always required. 

With this frame length, we need only 2.8 seconds 
to send the data frame, and a total of 4.36 seconds 
to complete a data transfer, including the ACK frame. 
This corresponds to 3.67 cps for 8-bit data and 5.87 
cps for 5-bit characters. 

The probability of a corrupted block being falsely 
accepted as valid is the same as with the maximal 
frame configuration, 0.0015 percent since this charac- 
teristic depends only upon the number of check bits 
used and the error detection algorithm. 

The BER required to stop the system is now 1 bit 
in 4.36 seconds, or 0.23 percent. MREFS for this con- 
figuration is 4.36. 

HERMES analysis 
Case 1. For the first HERMES configuration we 

assume a good quality channel and choose a mode 
appropriate for maximum data throughput and ade- 
quate error probability for conversational use. We use 
a configuration with 29 data symbols and just 2 check 
symbols per block and operate the decoder in an error- 
detecting mode only. 

For the throughput calculation, we assume the 
transmission of 27 data frames containing 27 informa- 
tion characters each, followed by l acknowledge 
frame from the receiving station. After allowing for 
two 20 millisecond switching intervals for the radios, 
the total time required for the exchange is 43.44 sec- 
onds. Since 729 characters are transferred, through- 
put is 16.78 cps (5-bit characters). 

With two 5-bit check symbols and an error detect- 

ing mode only, the probability of falsely accepting a 
bad block is 0.098 percent, regardless of whether we 
are talking about random noise or a noisy signal being 
fed in to the system. 

To stop forward data transfer, we must have 1 or 
more bad bits in each frame sent by the sending sta- 
tion, which corresponds to one bit error out of 155, 
or a 0.65 percent BER. We can make some progress 
as long as at least one frame can get through once 
in a while, which requires 1.55 seconds, so MREFS 
= 1.55. 

Case 2. For our second example we choose a 
HERMES configuration with 17 data symbols and 14 
check symbols in each frame, with the decoder run- 
ning in a six-error correcting mode (6 symbols out of 
each 31 symbol frame can be corrected). 

In this configuration, the system will send up to 15 
data frames before waiting for an acknowledge frame 
from the receiving station. This works out to 24.84 sec- 
onds to transmit the 15 frames and receive the 
acknowledgement. 225 characters would be transmit- 
ted during this time, for a throughput under ideal con- 
ditions of 9.06 cps. 

In this mode, the decoder's probability of falsely 
accepting a bad block as valid is 0.000059 percent. 

Since six symbol errors can be made in each frame 
with the decoder still being able to correct the block, 
this corresponds to one symbol in every five being in 
error. In order to stop forward progress, then, we must 
have one character in every 4 be in error. This cor- 
responds to a random bit error rate of 1 in 20, or 5 
percent. 

On a bursty channel, we must be able to receive at 
least 25 symbols of a block without error in order to 
be able to correct it completely. This corresponds to 
MREFS = 1.25 seconds. 

Case 3. For this example we assume a very poor 
channel, and are willing to sacrifice additional through- 
put to enhance the forward error-correcting power of 
the code. Here we use a configuration with 11 data 
symbols and 20 check symbols per block, and we allow 
the decoder to correct up to 10 errors per frame. 

In this configuration, HERMES will send 9 data 
frames at a time before waiting for an acknowledge- 
ment, and spend 15.54 seconds doing it. In these 15.54 
seconds, 81 characters will be transferred, for a 
throughput of 5.21 cps. 

In this configuration, the probability of the decoder 
falsely accepting an invalid block is 0.0000029 percent. 

Since the decoder can correct 10 symbols out of 
a 31 symbol frame, a channel making random bit errors 
can destroy every third symbol, and the decoder will 
still be able to fully correct the frame. Therefore, to 
stop the system, the channel must corrupt one symbol 
out of every two, for a random bit-error rate of 10 
percent. 
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I table 1. Performance summary. I 
throughput 

system/statistic (CPS~ 

AMTOR ARQ 6.67 
AX.25 (Max) 17.36 
AX.25 (Minl 5.87 
HERMESI1 16.78 
HERMESIP 9.06 
HERMESl3 5.21 

robustness 
(percent error) 

12.5 
0.0015 
0.0015 
0.098 

0.000059 
0.0000029 

BER 
required to stop 

(percent) 

2.220 
0.042 
0.230 
0.650 
5.000 

10.000 

MREFS 
(seconds) 

0.45 
23.56 
4.36 
1.55 
1.25 
1.05 

On a bursty channel, we need to get 21 symbols out of conditions, and it does this while allowing a 0.65 
of every frame transmitted without error, so MREFS percent BER before being stopped (this is 15 times 
= 1.05. more tolerant than the maximal length packet 

performance summary 
Table 1 summarizes the performance figures we 

have developed for each of the competing schemes. 
Once again, the ideal system would have a high 
throughput, a very low robustness percentage, a very 
low BER required to stop, and a very low MREFS. 

AMTOR can absorb up to a 2.22 percent random 
channel BER before being stopped, and needs only 
0.45 seconds to make progress, which is good, but 
the fact that it has a 12.5 percent chance of falsely 
accepting invalid data as valid is disqualifying. We can, 
and should, do much better than that. 

The two AX.25 packet configurations evaluated, 
which fully bracket the usual operating configurations, 
represent the extremes of performance available with 
the AX.25 protocol. First, we see that packet's proba- 
bility of falsely accepting invalid data is fairly low, 
which is good. 0.0015 percent is low enough for most 
purposes, and might need augmentation only when 
very large files are transferred at high data rates at UHF 
and beyond. (This figure equates to the acceptance 
of one bad frame in about 67,000.) 

The maximal packet configuration produces a good 
throughput figure of 17.36 cps, but at the expense of 
allowing only a 0.042 percent random BER before be- 
ing stopped and requiring 23.56 seconds to get a 
packet through. As we said before, if you have a good 
enough channel, this will work nicely. Good channels 
are pretty easy to get at VHF, but HF is another story. 

The minimal packet configuration allows the chan- 
nel BER to increase by a factor of 5, up to 0.23 per- 
cent and reduces the minimum required error-free 
seconds to 4.36, which is more realistic for an HF 
channel. The throughput, however, has now dropped 
to 5.87 cps. 

HERMES configuration 1 was chosen to obtain the 
highest possible throughput while maintaining a 
robustness adequate for conversational communica- 
tions. It achieves a 16.78 cps throughput, which is very 
nearly as good as the AX.25 protocol under the best 

scheme), and an MREFS figure of just 1.55 seconds 
(1 115th the minimum required time for maximal length 
packet). Robustness in this configuration, 0.098 per- 
cent, is not as good as the AX.25 figure, but is more 
than adequate for the intended application, casual 
conversation. 

Comparing the performance of HERMES case 1 to 
the minimal length packet case, we see that the packet 
scheme runs at about one-third the throughput and 
is still about three times less tolerant in both BER and 
MREFS. 

HERMES configuration 2 was chosen for use on a 
moderately degraded channel, and in an application 
where high accuracy was required. Its 9.06 cps 
throughput falls midway between the extremes of the 
AX.25 configurations and its robustness is several 
orders of magnitude better than AX.25. Interestingly 
enough, it does this while being even more tolerant 
of channel errors, now allowing a 5 percent random 
BER before being stopped, and requiring 1.25 error- 
free seconds to transfer data. Comparing these figures 
to those for the minimal length packet scheme, 
HERMES is providing 54 percent more throughput 
while allowing a 27 times greater random BER in the 
channel, and requiring "good channel" bursts only 
one-third as long as AX.25. All these factors translate 
to superior performance by HERMES. 

Even though the performance of AMTOR is disqual- 
ifying, due to its poor robustness, it is interesting to 
note that in this case, HERMES provides 36 percent 
more throughput. And while AMTOR does excel in 
the MREFS department, requiring only 0.45 seconds 
compared to 1.25 for HERMES, HERMES will allow 
more than twice as high a random BER before being 
stopped (5 percent versus 2.2 percent, overall), there- 
fore, HERMES wins the comparison here, too. 

Chosen for use on a very bad channel, HERMES 
case 3 allows a throughput of 5.21 cps, slightly worse 
than the minimal length packet case. But it has a 
phenomenally low probability of falsely accepting in- 
valid data (0.0000029 percent), and can withstand a 
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Receiver Multicoupling 

The Problem Solvers 

Duplexers 1 electors Bandpass, Pass-Reject 
and Notch Cavity Filters 

Transmitter Combining 
150 - 900 MHz 

*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 

TELEWAVE, INC. Y 
1155 TERRA BELLA, MOUNTAIN VIEW, CA 94043 
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A # K.V.G. 
I 9 MHZ CRYSTAL FILTERS 

Appli. Band. 
MODEL cation wldlh I 

XF-9 A SSB 2 4  kHz 
xF.qR S$ iSR 2 4  kHz - - -  

XF-&.OI LSB 2.4 kH; 
XF-98.02 USB 2.4 kHz 
XF-90-10 SSB 2.4 kHz 
XF-9C AM 3.75 kHz 
XF.Qn AM 5 n  k ~ 7  
XF 4E FM i i o  I& 
XF 9M CW MO Hz 
XF 9NB CW 500 Hz 
XF 9P CW 250 Hz 

1F910 IF notse 15 kHz 

I 10.7 MHz CRYSTAL FILTERS 

I XF107.A NBFM 12 kHz 8 167 30 
XF107-B NBFM 15 kHz 8 67 30 
XF107.C WBFM 30 kHz 8 67 30 
XF107-D WBFM 36 kHz 8 67 30 
XF107-E P8xrData 40 kHz 8 67 30 
XM107.SO4 F M 14 kHz 4 30 15 

I 
 EXPO^ lnqulrles lnvlted Shlpptng $3 75 

MICROWAVE MODULES VHF & UHF EOUIPMENTS 
Use your extst~ng HF or 2M log on olher VHFor UHF bands 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691 137 $249 95 
1246 MHz GnArFET MMhl296.144G 149 95 
4321435 MMc432.28(S) 74 95 
43SATV MMc43SCh x 89 95 
220 MHz MMc220-28 74 95 
144 MHz MMc144-28 59 95 
Opl~ons: Low NF 12.068 maa.. 1.25dBmax.). other bands (L IF'savallable 

LINEAR TRANSVERTERS 
1296 MHz 1 8 W output. 2M 10 MM11296.144-G $299 95 
4321435 10 Woulput. IOM ln MM1437 2815) 269 95 
144 MHz 10 WOUIPUI. 10Mln MM1144 28 17995 
Other bands (L IFsava#lable 

LINEAR POWER AMPLIFIERS 
1296 MHz 20 W oulpul UP1296.20-L 439 95 
4371435 1W W oulpul MML432.1W 369 95 

50 W OUIPUI MML432-50 I9995 
30 W oulpul MML432-30-LS 209 95 

144 MHz 2 W  W oulpul MML144.200-S 374 95 
1W W output MML144-IW-LS 239 95 
50 W oulpul MML144.50.S 149 95 
30 W oulpul MMLl44-30LS 10s 95 

All models onclbde VOX TIRswllchlng 
'L" models 1 or 3W drove. olhers IOW drtve 

Shopptng FOB Concord. Mass - 
ANTENNAS t 

. 
-'- -.. ' 

v 175 
420.450 MHz MULTIBEAMS 
78 El~rnenl ilIIMBM.'R 12 dBd 'bF9.9c $3995 
48 Element 701MRM4R 15 7 dBd -UJI 5995 
88 El~rnenl 70lMBMRR 18 5 dBd -nmtt- as95 

144.148 MHz J.SLOTS 
10 . 10 Twtsi 10Xvl7M 1 1  3 d8d 

UHF LOOP YAGIS 
1250.1350 MHz 29 loops 1296.LY 20dB1 549 95 
1650.1750 MHz 29  loop^ 169I.LY 20 dB1 59 95 
oraer Laop.Vag~ conneclor extra Type N $14 95. SMAS5 95 

Send Ut (2 slarnpsl lor lull delalls 01 all your VHF b UHF 
equ~pmenl and KVG crystal prh(uc1 reoulremenls - - < 

(617) 263-2145 
SPECTRUM 

TERNATIONAL, INC. 
Post Office Box 1084 

10 percent random BER, 50 times that tolerated by the 
AX.25 scheme even with minimal length packets. 

conclusions 
Although AMTOR has excellent burst error perfor- 

mance, its probability of falsely accepting invalid data 
under poor conditions (at 12.5 percent) makes it a non- 
competitor when systems like AX.25 and HERMES are 
considered. 

Under good channel conditions the AX.25 packet 
scheme does very nicely, with good throughput and 
adequate robustness, but it bogs down rather rapidly 
once channel conditions start to degrade, since it has 
no capability for forward error correction. 

HERMES combines, in one adaptive system, the 
capability to achieve very nearly the same throughput 
as AX.25 under ideal conditions, as well as very nearly 
.the burst error performance of AMTOR. It allows con- 
venient optimization and is able to tolerate a much 
higher rate of random channel errors than is either 
AMTOR or AX.25 due to HERMES's use of powerful 
Reed-Solomon forward error correcting codes. It rep- 
resents the next step in flexible and robust digital 
communications. 

1 Appendix 
The probability of falsely accepting a corrupted data block (an 

"Undetected Bad Block") will be denoted as Puss It can be com- 
puted as follows for an error-correcting or error-detecting algebraic 
block code (such as the CRC or Reed-Solomon codes.) 
For an error-correcting code: 

(Ah' ) (A- I ) /  
Polin = 

A( 

where: A = 2" Ithe code alphabet size) 
m = the number of bits per codeword symbol 

l m  = 8 for AX.25 CRC. m = 5 far HERMES) 
A - I  = 2 m - 1  
E = the number of errors being corrected b y  the 

decoder 
C = the number of check symbols in each 

codeword 

( ,4 i l )  = the combinatorial factor for (A-1) things taken 
E at a time 

- (A - I ) !  
- E! (A-/-I?)! 

For an er ro r -de tec t ing  code: 

P1,nn = I ..I(' 

where: A and Care defined as above for error-correcting codes. 
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~ r ~ n g s  me top ro vou 
ROHN brings tne lop 
to you with its patented design. 
For the ultimate "on the ground" 
service and antenna installation, 
a RQHN "Fold-Over" Tower is yot 
best'buy. Your safety comes first u 
"Fold-Over." For complete details 

Jr 
vith 
write: 

OF SPECIALIZED 1 
COMMUNICATIONS! 

Thousands of "Ham Radlo" 
operators across the country 
are enjoylng "Specialized 
Communications" modes. 
Whether It's FSTV, SSTV. FAX, 
OSCAR. EME, RTTY, PACKET 
or COMPUTERS, today's Radio 
Amateur Is a highly skilled 
Communlcatlons Speclalist! 

Providing ful l .  In -depth 
coverage of these modes Is our 
business and we've been d* 
Ing It now lor over 19 years! 
And now we're expanding! 

Now published "monthly" 10 llmes 
per year. SPEC-COMTU readers are kept 
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is selllrlu 3 new slantlartl lor aliiateur 
radio use as well 

The Fluke 77 rnullirneter is ideal lor 
testlng and repairing any amateur radio 
gar. Ilk ~nexpensive, easy lo use, and filled 
w~th proless~onal lealures. Plus a lull line 
ol accessories let you measure high Ire- 
quency, high voltage and current, and lem- 
perature. Made In the U.S.A. and backed 
by a 3-year warranly, Ihe new Fluke 77 
is the world's lirsl handheld meter to 
combine analog and d~g~ta l  displays. 

For a lree brochure or the d~slributor 
nares1 p u ,  call loll-lrcte 1-800-227-3800. 
ext. 229. Or wrlle John Fluke Mlg. Co.,  
Inc.. PO. Box C9090. Everett. WA 98206. 
Olslr~bulor programs available. 

FROM T H E  VI'ORLD LEADER 
IN L'IIGITAL MULTIMETERS. 

FLUKE 73 FLUKE 75 FLUKE 77 



k- -1 
I I 
I I 

I COMMUNICATIONS I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
m I 
I - 

I Falcon Communications. Well Known For MOSFET Repeater Power I 
I Amplif iers, Also Makes A Hard Working Line Of Bipolar Power I 
I Amplif iers For MobilelBase Use. Our 2 Meter Amplif iers Include: I 
rn I 
I 

I Model 5121 2 Watts in = 150 out 
1. 1 Watt in =90 out 
I 

List $285 

Model 5122 10 Watts in= 150 out I 
I 2 Watts in = 50 out List $275 1 
I I - 
I Model 5123 30 Watts in = 150 out I 
I 10 Watts in =90 out List $235 1 
I I 
I A FEW FEATURES: I 
I 1) Made in the USA 4) Automatic COR or remote keying I 
0 2) All mode (FM. SSB. CW) 5) Built in thermal protection I 
1 3) Optlonal plug-in receive preamp 6) Full 1 Year warranty I - 

I I For Information On Our Complete Line See Your Local Dealer Or Call Factory , : Direct I - 
I P.O. Box 8979 Newport Beach, CA 92658 I 
; (714) 760-3622 ; 

* 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m m 1 m ~ m m m ~ I 1 I m d  

The Model DX-A cornbinw the tremendous firepower of t h r q l w t w  
wave sioper with the wlde bandwidth of a half wave dipole. Simple 
to install, quick to tune. Proven longhaul DX performance. 

Installs Ilke an Invamd-V dlpolr. One leg slngle "ISO.RES'lIsoator-resonator 
for 80 meters (67') and the other leg for I the 160/40 meter leg. 
160/40 meters (55'). Fed with a slngle ~t lob up hlgh for rnaxlmum radla- 
50 ohm coax. 50-239 1 tlon and excellent DX performance. Can be 
on mountlng bracket. Installed from 25 to 40' high. 

Conflguratlon pmvld The Model DX-A Antenna Is f 
on all three bands. Tyr T L  VII bled. uses all stalnless steel ha1 
160 meters. 200 kHz c,, ,, ,..,.,.s and full UV-protected "150-RES" coil. "1L .-,,-. 
band on 40 meters. Much wider than most wlre and 1s rated for severe environments. 
other loaded slooers, dlooles or verticals. Specially coated wlre dlsappears from your 

rovlded 

ndwldth 

lbner usually not requlkd. ielghbors' vlew. 
Model DX.A elso operates on 30.1742 Available from 

maten. VSWR of less than 2.5:l. Easlly vour local 
matched wlth a tuner. 

Hlgh-power operation. Rated at 1500 or add S4.00 shipping 
watts P.E.P. output. No taps to bnak and handling IUSA only). 

PO.  Box 571 Centewllle. OH 45459 
(513) 435-4772 Orders (513) 376-4180 Antenna Tech Info 

current solutions to current problems 

DRAKE R-4lT-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-of-the-art performance. 

Most types ava~lable 

INSTALL KlTS TO UPGRADE 
PERFORMANCE! 

BASIC Improvement 
Audio Bandpass Filter 
Audio IC Amplifier 

TUBES 523 PPD KlTS $25 PPD 

OVERSEAS AIR 67 

SARTORI ASSOCIATES, W5DA 
BOX 832085 

RICHARDSON, TX 75083 
214-494-3093 
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EXMET your oource lor M m t d  Prlnn 6061- 
T616061.T6511 alurnlnurn Tubing and Rod lhal IS 
stranger than steel and In the weighl. 

TUBING 
0.0. n d  wall Lsnglh Rkr per lmllh 

112" x 058 I? 11 S 1254 
718' x 058 12 11 19 M 

1" x 058 12 11 21 75 
1-114' x 058 12 It 27 35 
1.112' x 049 12 11 28 80 
1.112' r 058 12 11 33 W 
1.112' 1 065 12 11 38 40 
1.112- x at33 12 n 48 w 
1.112" x 1?5 24 11 86 40 
1-112" x 250 24 It 105 15 

2' x 058 12 It 42 25 
2' r 065 12 11 45 54 
2' x 125 24 I1 11040 
2' x 750 24 11 187 20 
3' r 065 12 If 81 50 

ROD 
0.0. h p t h  
118" 17 11 

3116' 12 I1  
"ST00- 

4 50 
Volume dtmxlnls on orders over SlM 00 O W r  w 01 lubng 
and rod Quoted upon rcquesl M#n!mum wder $54 W tubing. 
550 W rod 
Pollclss All prlces FOB TWIn3burp. Ohlo Paqmnl IS COO. 
or save CW charges by enclaslng a check a m m  order wlh 
YOO> older Ohlo reYOenls a66 5-112% Sdbs lax  

Exmet, Inc. rr 134 
21n E. A m m  Rd.. P O .  Bo l  117. 1wlntb.q. Ohla U8U7 

ZlC4tS.M.55 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years, no rig 

too old or new for us. 

4033 Brownsvi l le Road 

Trevose, Pa. 19047 - 2 15-357-1 400 
m' 



Imagine yourself relaxing in your favorite easy chair. You have done your re- 
search, compared all the features of the new handhelds and now you have made 
the purchase for which you have been waiting so long. It feels good to  relax know- 
ing the decisions were made after considerable research through the magazines 
and data sheets for all the available models. 

Comparing the ST-2OT, i t  was obvious that the Santec simply works better.. . and 
the price was nice also. Which feature was i t  that really made you decide on the 
Santec ST-20T? Was it the two seven-digit number autodialer? Perhaps i t  was the 
ability touse all  10 memories with a different frequency, tone, and offset. Or could 
i t  have been the ease with which the ST-POT was programmed from the keyboard? 
Perhaps i t  was the honest values in  construction and quality for your hard earned 
dollars? I t  could have been all of these things and more because the SANTEC 
ST-POT is  the handheld truly worth holding. 

TWO SEVEN-DIGIT AUTO DIAL MEMORIES ONE HAND, ONE FINGER 
SIMPLIFIED KEYBOARD ENTRY OF INFORMATION 142-150.995OPERATlON 
F0RM.A.R.S. AND 0RC.A.P. TEN MEMORY CHANNELS FOR 10 DIFFERENT 

REPEATER OPERATIONS PLUS 'SCANLOCK' FOR LOCKOUT OF ANY ONE . 

CHANNEL OR MULTIPLE CHANNELS WITHOUT REPROGRAMMING 
SANTEC'S MULTIPLE MODES OF SCANNING 3.5-5 W A T S  OUTPUT 

DIRECT 12 V.D.C. OPERATION SUB-AUDIBLE TONE COMPUTER 
CONTROLLED MICROPROCESSOR CONTROLLED ENCODEIDECODE 

OPTION AVAILABLE TIME OF DAY QUARTZ CLOCK ANALOG METER 
MOUNTED FOR BEST D.F. ING AUTOMATIC ENTRY OF STANDARD OFFSET 

FOR BAND WITH EACH NEW ENTRY ANY CTCSS TONE IN ANY MEMORY 

SERVICE PERIOD AT NO EXTRA COST 

.. -... 



The TITAN final amplifier 
may be your final amplifier 

Model 425 TITAN 
Linear Power Amplifier 

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

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

The TITAN uses two 3CX800 tubes that will loaf along at 1.500 watts output. And, as 
they require lower plate voltage than older tubes. insulation breakdown is less likely. 

We think we have included present and future needs. Things such as full break-in and 
operation on 160 meters and all authotized bands. A separate power supply makes 

station lavout easy for most convenient 
operating. And i f  ;ou use AMTOR. SSTV 
or R T Y .  there is no problem with con. 
tinuous operation 

The TITAN could easily be your final 
FINAL AMPLIFIER. 

See your dealer or write 

'Commercial version available 11~1c.11~11. 11..11111 11011 

COMPACT 75 M SSB TRANSCEIVER 1985-86 

Complete K I ~  

plus 53 00 
ShtPDlng ana 
handltng 

Dtmensnonr 2' x 6' x 6' 

RECEIVER: 
Frpsuancy 3 84 0 MM 
Sens~t~wfy 0 S rV lm 10 dB SIN 
Sefierltsty - 6  dB @Q 2 4 KHz 
A L C R a n p  +WdB1n=+3dBwl 
Auoto Ouwl >3M mW Into 8 ohms 

r /  166 RADIO KIT 
TRANSMITKR: BOX 411 H 

frrqu~nry 384 0 MHz Grwnvills. NH 
Ourwl 30 rram into M ahms 
IMn p -MdB - 4 7  d~ 3" -55 M) M REQUIREMENTS: 
Ha (W3187C1033 
SWH lmrrmnty 30 1 M all phax awles Vollw 28 Vdc rqulalsd leiex 887697 

ALC Arnplllted lasl r e m s e  (ale (qua% procssvw) Current 2A lransmll 65 mA 1ecPlvP 

78 a December 1985 

CASE HISTORY ! 
For 2AT/3AT/4AT w/standard ban. 

free U.S. shlpplng 
made In U.S.A. 
80 day llmlted wanmnly 

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 o r  burgundy tailored 
vinyl. Call (617) 5943090. 

Crowley Mfg. Co. 95 Federal St. Lynn MA01805 

"HAM HOTLINE" 
THE PROVEN MONEYMAKER 

The "Ham Hotline" IS a complete 
maillng list o l  novlce amateur r a d ~ o  
operators and current hams who have 
renewed, upgraded or mod~fied their FCC 
licenses. These ham enthuslasts have 
proven to be excellent prospects lor radio 
equipment, accessories and publications. 

The Hotline IS UPDATED EVERY 
TWO WEEKS w ~ t h  an average of 8.000 
names and addresses each month. And. 
because we know the Hotllne IS the most 
up-lo-date amateur r a d ~ o  llstlng available. 
we'll guarantee 98% deliverab~lity. 

Target your sales efforts to your most 
likely buyers. Call DCC Data Service to- 
day and begin your subscrtpt~on to the 
"Ham Hotllne" . . . the proven 
moneymaker. 

I)('(' 1)ata Scrvirc L/ 19(1 
1990 M Strect, 'N.W. Sui te  610 

Washington. D.C. 20036 

Toll-free 1-$00-~1311-2577 
I n  DC & AK 202-4.52-1419 . 

SPS 
DIST. 'TI' 

F l ~ ~ ~ R + -  
/" 

,-?a- 

+ 
v 

Complete Line of 
Satellite Receiving Systems 

SPS 
San Pierre, IN 

(219) 828-7255 - 828-3091 , 171 



tracking the 
hideous 
intermittent - 
part 2: thermal 
intermittents 

In Part 1 of this two-part series we 
dealt with the problem of trouble- 
shooting mechanical intermittents. In 
Part 2 we'll discuss thermal intermit- 
tents and their solution. 

Both heat and cold can affect a 
piece of electronic equipment for the 
worse; in its most blatant form, the set 
refuses to operate properly under 
either hot or cold conditions. During 
the winter Amateur mobile equipment 
is subjected to the local overnight tem- 
perature, which may be as low as 40 
degrees below zero in some areas. 
During the summer, on the other 
hand, mobile equipment will be sub- 
jected to temperatures considerably 
above local air temperatures. In 1963, 
when a major automobile electronics 
company began experiencing reliability 
problems with its new solid-state 
models, it asked employees to leave 
their cars unlocked so that the engi- 
neers could measure the cabin temper- 
atures. After four hours in 90-degree 
sunlight, the interior temperatures 
were found to be 140 degrees at the 
front seat and up to 180 degrees be- 
hind the dashboard! 

These extremes of temperature can 
result in some peculiar intermittents. 

One familiar form is the set that won't 
work when you get into the car, but 
will work ten minutes after the heater 
or air conditioner has altered the cabin 
temperature. 

Equipment used at the home or base 
station doesn't suffer the extremes of 
ambient temperature, but nonetheless 
may experience temperature-related 
intermittents. Typically, a set will either 
fail to work at all until it heats up, or 
will work nicely until it reaches a cer- 
tain temperature and then fail. Even 
when an intermittent isn't specifically 
related to temperature, its frequently 
true that changes in temperature will 

6 OR I2 VOLT 

B U L B  

S L  EEVING---- 

\ ,, I,,,, .,.I,, BOA.. 

fig. 1. A simple device for heating 
individual components. 

t 

aggravate the situation, thereby allow- 
ing you to find it more easily. 

when the problem is heat 
First, let's talk about how to heat up 

a set. Use a high-wattage lamp, sun 
lamp or hair dryer for general area 
heating to determine that the fault is 
temperature sensitive, rather than 
mechnical in origin. In a piece of equip- 
ment containing general power de- 
vices (or vacuum tubes), we can often 
heat up the circuits just by placing a 
box, towel, or blanket over the unit. 
This method is particularly useful for 
thermal faults that occur only in the 
cabinet. The thermal fault will continue 
for a few minutes after the box, towel, 
or blanket is removed, allowing time 
for troubleshooting. 

Although area heating will give you 
the time needed to troubleshoot a 
fault, it won't help you find a specific 
thermally sensitive component. For 
this chore we must use local area heat- 
ing. Several methods are available. A 
small high-intensity lamp, for example, 
will allow heating of a small area on a 
PCB. A soldering iron or gun will con- 
centrate heat on an even smaller area 
almost to the exact component. (Be 
careful, - the hot tip of the soldering 
tool can damage some components, 
especially polyethylene capacitors.) 

Another method used for heating in- 
dividual components is shown in fig. 
1. In this approach, the heat source is 
a 6 or 12-volt incandescent lamp. A 
No. 47 or No. 1891, for example. A 
small cylinder made of some material 
such as insulated sleeving ("spa- 
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resonator front end for exceptional selectivity, 
> 100dBat * 12kHz, bestavailabletoday.Flut- 
ter-proof squelch. AFC tracks drifting xmtrs. 

Band Kit Wired Xtal oven avail. Kitonly $138. 
R451 FM RCVR Same but for uhf. Tuned 
line front end, 0.3 uV sens. Kit only $138. 

21111,220 $680 $880 R78 FM RCVR for IOM, 6M, 2M, or 220. As a 
but wlo AFCor hel. res. Kits only $118. Alsoavail w14 pole filter, only$98lkit. 

440 $780 $980 RllO VHF AM RECEIVER kit for VHF aircraf 
or ham bandsor Space Shuttle. Only$98. 

. T51 VHF FM U(CITERforlOM,6M,2M, or 
SENSITIVITYSECONDTO NONE; 0.15uV(VHF),O.2uV(UHF)TYP. 220MHz.2Wattscontinuous, up to3W 
SELECTIVITYTHATCAN'T BE BEAT! BOTH 8 POLE XTAL FILTER intermittent. =/kit. 

T451 UHF FM U(CITER2toJWatts.Kitonl 
ENSE & INTERMOD. 
TURES: FLUTTER-PROOF LINEAR AMPLIFIERS. For either FM or SSB. Power levels 
FOR OFF-FREQ TRANSMIT- Watts to go with exciters & xmtg converters. Several models. 
AMPLIFIER &CONTROL. 
; UPT020 WATTSOUT(UPT0 

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

lnlnuu R u d w f  
Input Ran(* -- - O W  

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

144-146 28-30 
145-147 28-30 

144-144.4 27-27.4 
146-148 28-30 

VHF MODELS 144-148 50-54 
220-222 28-30 

UHF MODELS 432-434 28-30 
Kit with Case $59 435-437 28-30 

Less Case 549 432-436 144-148 

Wired 
50-54 

$75 432-436 439.25 61.25 

SCANNER CONVERTERS Copy 806 MHz band on any scan- 
ner. WlredltestedONLY $68. 

For SSB, CW, A N ,  FM, etc. Why pay big bucks for a multl 
mode rig foreach band?Can be linked with recelveconvert- 
ersfortransceive.2 Wattsoutputvhf, 1 Watt uhf. 

Exciter Antenna 
For VH F, Input R a g e  Ouput 

Model XV2 B30 144-148 
28-29 145-146 

I Kit $79 2&30 50-52 
27-27.4 144-144.4 

Wired $149 28-30 2 2 0 - ~ ~ ~ .  

(S~ecifv band) 220-224 
50-52 

For UHF, za-30 432-434 

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

Kit $99 61.25 439.25 
144-148 432-436' 

Wired $169 ' ~ d d  SPfor ZM Input 

VHFi? UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models 
kits from $78. 

Hamtronics Breaks 
the Price Barrier! * 

No Need to Pay $80 to $125 
for a GaAs F n  Preamp. 

FEATURES: 
Very Low Noise: 0.7 dB VHF, 0.8 dB UHF 
High Gain: 18 to 28 dB, Depending on Freq. 
Wide Dynamic Range for Overload Resistance 
Latest Dual-gate GaAs FET, Very Stable 

MODEL TUNES RANGE PRlCE 
LNG-28 26-30 MHz $49 
LNG40 46-56 MHz $49 
LNG-144 137-150 MHz $49 
LNG-160 150-172 MHz $49 
LNG-220 210-230 MHz $49 
LNG-432 400-470 MHz $49 
LNG800 800-960 MHz $49 

Low-noise preamps with 
helical resonators re- 
duce intermod and 
cross-band interference 
in critical applications. - 
12dB gain. 

Model Tuning Range Price 
H RA-144 143-150MHz $49 
H RA-220 21 3-233 M HZ $49 
H RA-432 420-450 M Hz $59 
HRA-( ) 150-174MHz $54 
HRA-( ) 450-470 M Hz $64 

MO-202 FSK DATA MODULATOR. Run up 
to 1200 baud digital or packet radio sig- 
nals through any FM transmitter. Auto- 
matically keys transmitter and provides 
handshakes. 120012200 Hztones. Kit only 
$45. 
DE.202 FSK DATA DEMODULATOR. Use 
with any FM receiver to detect packet ra- 
dio or other digital data in "202" modem 
format. Provides audio conditioning and 
handshakes. Kit only $38. 
COR-2 KIT With audio mixer, local 
speaker amplifier, tail B. time-out timers. 
Only $38. 
COR-3 KIT as above, but with "courtesy 
beep". Only $58. 
CWID KITS 158 bits, easily field program- 
mable, clean audlo. Kit only $68. 
A16 RF TIGHT BOX Deepdrawn alum. 
case with tight coverand noseams. 
7 x 8 x 2 inches. Designed especially for 
repeaters. $20. 
DTMF DECODERICONTROLLER KITS. 
Control 2 separateonloff functions with 
touchtones", e.g., repeater and auto- 
patch. Use with main or aux. receiver or 
with Autopatch. Only $90 
AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
re~eater receiver. Many other features. 
only $90. Requires DTMF Module. 
SIMPLEX AUTOPATCH. Use with your FM 
transceiver. System includes DTMF &Au- 
topatch modules aboveand new Timing 
module to providesimplex autopatch and 
reverse autopatch. Complete patch sys- 
tem only $200/kit. Call orwrite for details. 



ghetti") is designed to fit over compo- 2-meter FM ham rigs, by the way). In this case, however, we replace com- 
nents such as transistors and some most cases, 30 to  60 minutes in the ponents on a "scattergun" basis. ( I  
integrated circuits. The heat source is 
placed in the open end, thereby con- 
centrating the heat only on the com- 
ponent .under suspicion. The tale will 
be told in about 30 seconds. 

The indication that the component 
being tested is bad will be obvious. 
There will be a sudden change of oper- 
ation, or a sudden increase in the noise 
produced by the circuit - the change 
is only rarely subtle. 

refrigerator yields 5 to 10 minutes of 
troubleshooting time. 

Local cooling is necessary for isolat- 
ing components. Use a can of freon 
"freeze spray" as shown in fig. 2. 
(Electronic supply stores sell this prod- 
uct under several different brand 
names. The stores most likely to  carry 
freeze spray are those whose clientele 
includes radiollV1audio repair shops.) 

Be careful not to spray too wide an 

fig. 2. Freeze spray will cool off components. 

when the iroblern is cold 

"Cold" can mean anything from 
room temperature to arctic tempera- 
tures. When equipment fails to  oper- 
ate in this range, area cooling is in 
order. 

Area cooling is more difficult, in 
some cases, than area heating. Try 
putting small devices (up to, say, the 
size of a mobile transceiver) in the 
refrigerator for about an hour. I still 
fondly recall the looks on the faces of 
shocked boat radio customers when I 
placed their "won't work on cold 
days" VHF-FM transceivers in the 
shop refrigerator. (Many of those rigs 
are merely overpriced variants of 

area. Freeze spray is expensive and 
general area cooling won't help you 
find the bad components anyway. Use 
the spray only on individual compo- 
nents or small groups of components. 

You can verify identification of the 
bad component by reheating it with 
soldering iron or the gizmo shown in 
fig. 1. 

If the problem repeatedly appears 
and disappears on heatinglcooling 
cycles, then you've found the source 
of the problem. Even if the problem 
isn't consistently repeatable, however, 
we can "work the odds" and replace 
the component "on speculation." 

Our final method for fixing intermit- 
tents is another shotgun approach. In 

can hear the howls from here! I admit 
it's not very elegant, and provides no 
balm at all to salve the ego of the tech- 
nical genius. After all, any dumb grunt 
can unsolder a half dozen components 
and replace them. . . . But let's con- 
sider some facts of life.) 

I once worked in a hospital electron- 
ics laboratory that repaired clinical 
equipment. The emphasis was on low- 
cost, rapid repairs. One famous brand- 
name patient monitor used vintage cir- 
cuitrv. The ECG   re amplifier and the 
DC dower suppl; regulator used titer- 
ally dozens of 2N3393, 2N3906, and 
2N3904 plastic small-signal transistors. 
These transistors were typically con- 
nected six to eight at a time in circuits 
with multiple feedback and signal 
paths, all direct coupled. (Trouble- 
shooting in circuits like this is a dog.) 
At that time, those transistors cost us 
$25 per hundred in bulk-packed bags. 
It takes 15 minutes to replace eight 
small transistors that cost $2 total. A 
total of 30 minutes put the equipment 
back on line. 

The situation is only a little different 
for you. The biggest difference is that 
you buy transistors in overpriced blister 
packs rather than lots of a hundred; 
that's the price paid for buying onesie- 
twosies. Nevertheless, when the 
troubleshooting problem seems intrac- 
table, shotgunning components is a - 

practical alternative! 
You can be almost as efficient by 

removing components one at a time 
and testing each one as you go. If you 
find the faulty components, then it's 
a reasonable bet that the job is done. 
Unfortunately, the nature of intermit- 
tents - and Murphy's law - means 
that this form of troubleshooting fre- 
quently fails. 

( have a question for Joe Carr? 1 
Send your question to Joe Carr, ham radio, 

Greenville, New Hampshire 03048. While not ev- 
ery lener can be answered personally, he will try 
to answer as many as possible in this column. 

ham radio 
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26th Annual 

ROPICAL HAMBOREE 
FEBRUARY 8-9,1986 . 

EDWARDS BUILDING, ARNOLD BUILDING AND COLISEUM 

DADE COUNTY YOUTH FAIR GROUNDS 
TAMlAMl PARK, MIAMI,  FLORIDA 

FREE PARKING 15.000 VEHICLES 300 RV SPACES WITH FULL HOOKUPS 
1000 INDOOR SWAP TABLES WlPOWER 200 COMMERCIAL EXHIBIT BOOTHS 
AMATEUR RADIO & ARRL PROGRAMS DX FORUM & DINNER 
LICENSE EXAMS PACKET RADIO DEMONSTRATION 
QCWA HOSPITALITY CORNER RCA FL. SECTION LUNCHEON 
CONSUMER ELECTRONIC DISPLAYS COMPUTERS AND SOFTWARE 
SATELLITE DISH GARDEN 2 DAYS OF PROGRAMS FOR NON-HAMS 
HAMBOREE DEALER SPECIALS TRAFFIC HANDLERS BREAKFAST 

Registration: $5.00 Advance. . . $6.00 Door (Valid Both Days) 
Swap Tables, 2 Days: $16.00 Each, Includes 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) 

MAKE CHECKS PAYABLE TO: DADE RADIO CLUB. INC.. P.O. BOX 350045. MIAMI. FL 33135 

4 PAGE BROCHURE AVAILABLE - DEC. 1st. 

Exhibit Booth Information: Evelyn D. Gauzens, W4WYR. Chairman Telephone: 

\ 

can be without one. Other features include: 'Improves sen- 
sitivity and signal-to-noise ratio. 'Boosts signal up to 26 
db. 'For AM or SSB. 'Bypasses itself automatically when 
the transceiver is transmitting. 'FET amplifier gives super- 

ior cross modulation protection. 'Advanced solidstate circuitry. 'Simple to install. 
'Improves immunity to transceiver front-end overload by use of its built-in-attenuator. 
'Provides master power control for station equipment. 

This publication is 
available in microform 

P l ~ ~ a e  $end infnrmnllon "brut these I i I Im 

-- 

Nnmv pp 

Compnnyllnslih~l~nn 

Address 

Clt" pp 

Slate ZIP 

~ h o n c l  I 
(:HU IUU-I~L* tKX1-5Zl-d~M4. In Mlrh,nnn. 
 AIR?.^++ nnti  I~;,WHII CAII I.oIIP#:I 31.1-761-47M. Or 
rnml Inqulrv III l l n ~ v ~ r s ~ t v  l41rroftlms Internslmnal. 
3in Nr~rll! ZIrh Rwd. Ann Arlnr. M I  48106. 
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I MICROCOMPUTER ELECTRONICS COPORATION NOW OFFERS 
THE M.E.C. 71a COMPUTER CONTROL INTERFACE THAT WILL I 

I CONTROL AND EXPAND THE CAPABILITY OF THE ICOM R71A. I 

MAIN MENU Conlrol center for 32 CH RADIO MEMORY Show A MEMORY Show- 
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Old Wives' tales 
and trivia 
It's hard to believe that two years have 
passed since my first column appeared 
in ham radio. 

Before I accepted K2RR's invitation, 
I spent much time trying to determine 
what kind of information would be 
required and how it should be organ- 
ized. I knew that the material would 
have to be interesting, informative, 
easily understood, technically correct, 
and presented in proper sequence. 

The selection of general topics was 
easier. After all, I knew that antennas, 
receivers, transmitters, propagation, 
and test equipment were invariably 
favorite subjects of conversation 
whenever Amateurs got together. So 
I narrowed these general topics down 
to a list of specific technical subjects 
I thought most VHFIUHFers and 
HFers would find useful and then tried 
to arrange them - in building block 
fashion - in such a manner that all the 
basics would eventually fall into place. 
This may explain why I didn't jump into 
highly technical subjects - such as 
microwaves - right away. 

Finally, I drew on my vast file of let- 
ters, both those answered and those 
I hadn't had time to answer. These 
clearly identified both the subjects of 
greatest interest and those subjects 
that Amateurs find most confusing. 
This immediately flagged specific items 
within the more general list of topics 
that needed special attention. Some 
letter writers, of course, asked for arti- 
cles about microwaves. They had to 
wait, since microwaves wouldn't be 
easy to discuss without a base to draw 
on. 

Finally, the list of actual column 

topics and their tentative scheduling 
was complete. You've seen the result; 
in future columns, I'll try to cover new 
subjects, expand on subjects already 
covered, and explore further up into 
the microwave spectrum. 

In the meantime, if you're following 
this series and can spare a few min- 
utes, I need a favor: please drop me 
a note telling me what you liked and 
disliked about this column so far. Be 
frank. If I did a botch job on any sub- 
ject, left you hanging on some item or 
left out a major point, let me know so 
I can try to correct the situation in a 
future column. I'll draw heavily on the 
letters for future topics. 

Of course, as I've stated before, I 
can't possibly cover everything, nor 
can I answer all letters received. Just 
like you, I have only 24 hours in a day 
and a family that needs at least some 
of my time. After all, this is supposed 
to be a hobby! 

So let's take a break from the usual 
format and see how sharp you are. 
This will be your final exam on the first 
23 installments and associated refer- 
ences listed therein. With the help of 
some of my VHFIUHF friends and lots 
of letters to draw from, I've put to- 
gether some trivia, some facts, some 
fallacies, and a few old wives tales. I 
hope they'll be fun to discuss and at 
the same time provide informative 
answers. 

antennas 
Let's start with everyone's favorite 

subject - antennas - and see what 
kind of old wives tales, etc., we hear. 
Keep score, and no open books!. 

1. "If your antenna stayed up last 
winter it wasn't big enough." This 

is an original quote from one of the 
greatest VHFIUHFers ever, Sam 
Harris, ex W1 FZJ, W1 BU, KP4DJN, 
etc. 

This statement is obviously not true. 
Maybe you live in Southern California. 
Or maybe you had a mild winter. Even 
better yet, maybe you built a big 
antenna but engineered the mechanics 
properly. It's nearly impossible to 
anticipate everything. How can any 
antenna survive a hurricane with winds 
exceeding 100 mph (161 kmph)? And 
how can you prevent your neighbor's 
tree from falling on and snapping your 
guy wires? 

Tom, K8MMM, put it quite humor- 
ously in a recent letter: "If an outland- 
ishly super-huge spectacle of an 
antenna doesn't stay up through any- 
thing nature has to afford for a partic- 
ular area, it was too big, amateurishly 
conceived, and when down, due to all 
of the above - its owner is one of the 
least-heard-from and weakest things 
on the face of the earth!" 

All things being equal, you can 
design a good antenna system with 
adequate gain if you follow the rules 
given in references 1, 2, and 3. Refer- 
ence 4 discusses mechanical consider- 
ations and tubing strengths. Do build 
your antennas large enough, but not 
too large, and do so only with ade- 
quate mechanical strength! 

2. "Always put your antenna as 
high as possible to get the best 
DX." This statement is basically true. 
However, there is a law of diminishing 
returns. First, if you're fortunate 
enough to be situated on a hilltop and 
have no obstructions, there's little to 
be gained by going up over 3 to 5 
wavelengths. There's a problem if your 
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takeoff angle gets too low, especially 
when using F2, aurora, and sporadic- 
E propagation. At five wavelengths' 
height the takeoff angle will be about 
3 degrees. Both E12W and VEIASJ 
found that often the optimum F2 sig- 
nals come in with the antenna tilted 
upward several degrees! Ten wave- 
lengths high is a real waste of time. If 
you do put up a large antenna on a 
high tower, it just may be large enough 
to meet the requirements spelled out 
by K8MMM. 

Furthermore, especially on the UHF 
and microwave bands, the feedline 
loss can be horrendous.= Depending 
on frequency, going up an additional 
50 feet (1 5 meters) may increase the 
effective gain by 1 dB while incurring 
another 2 dB feedline loss, an overall 
net loss of 2dB in station perfor- 
m a n ~ e . ~  For VHF/UHF1ers I offer the 
following rule: go high enough to clear 
local obstructions and S TA Y THERE. 
This is probably high enough! 

3. "Collinears are preferred over 
Yagis because they have broader 
bandwidth and larger capture 
area." This is truly a fallacy. While the 
bandwidth of a collinear antenna may 
be greater than a Yagi's, the match- 
ing method is often the limiting factor.' 
Also, what good is bandwidth when 
most VH F/ UH Fers never stray more 
than 50-100 kHz from the calling fre- 
quencie~?~ 

As for capture area, this is a fre- 
quently misunderstood concept that 
was discussed in depth in reference 3. 
Capture area is directly related to gain 
regardless of the physical configura- 
tion of the antenna. Note that the cap- 
ture area of a Yagi is usually much 
greater than its width and height, while 
with a parabolic dish it's the reverse, 
typically only 55 to 60 percent of the 
area of the dish.3 

As discussed in reference 1, the 
choice of a collinear is primarily one of 
cost versus physical area. The collinear 
is usually a low-cost antenna, but 
takes up lots of area. The Yagi, while 
more critical to design, has less physi- 
cal area and allows multiple antennas 
even on different bands on the same 

mast. The bandwidth doesn't usually 
enter into the final decision at all. 

4. "Always stack Yagis two-thirds 
of  the boomlength apart." Under 
certain conditions, typically with inter- 
mediate (2 to 3 wavelengths) Yagis, 
this may be true. However, for the vast 
majority of designs in use, and partic- 
ularly the long Yagis, this would be a 
gross error. 

This two-thirds boomlength rule 
was a common misconception when 
the effects of capture area were poorly 
understood. Stacking antennas too 
closely results in low gain, while stack- 
ing too far apart (especially with 
Yagis), gives high sidelobes and a 
beamwidth so narrow as to make aim- 
ing the antenna3 properly very difficult. 
Check the beam~ id th .~  Then consult 
the charts in reference 3 and stack 
those antennas accordingly. 

5. "The best Yagi designs are the 
ones produced by NBS." The NBS 
Yagis were a great stride forward. For 
once we had a cookbook with meas- 
ured results. However, only six of the 
original NBS designs were provided in 
NBS Technical Note 688.' That repre- 
sents only a small percentage of Yagi 
designs available to date. 

The noteworthy item about the NBS 
Yagi antennas is that if they are 
properly duplicated, they will work to 
specification. However, if one of the 
six designs doesn't fill your require- 
ments, or if you need a longer boom- 
length, there are no other NBS designs 
available. 

Today there are literally an infinite 
number of other designs that will fit 
any length of boom de~ i red .~ ,~  Fur- 
thermore, using computer optimiza- 
tion techniques, up to 0.5 dB gain 
improvement is possible using existing 
Yagi designs such as the NBS 4.2 
wavelength design.1° We've just 
begun to open up a whole new area 
for improved Yagi antennas. 

6. "T matches should be used on 
high performance Yagi antennas 
since Gamma matches don't work 
very well." This fallacy has been 
around for some time. It was fueled 

when all the new high-performance 
Yagi antennas, using balanced feeds 
and T matches, started springing up in 
the late 1970s. The Gamma match is 
capable of good performance. But it 
tends to inject a small imbalance into 
the design, which can cause a slight 
pattern skewing. The latter effect can 
be obviated by unbalancing the length 
of the driven element." 

Establishing a good ground for the 
Gamma return path is difficult. Hence, 
at UHF frequencies, the transmission 
line often gets hot and the VSWR and 
radiation pattern of the antenna 
changes as the feedline is moved to 
different positions. Furthermore, the 
size of the gamma rod can get out of 
proportion at the higher frequencies. 

Therefore, a good T match with a 
built-in balun is hard to beat, especially 
when antennas are to be stacked. It 
takes more hardware, however, than 
a Gamma match and can be lossy if 
the balun design is not properly 
handled. 

7. "Every t ime the size of  an an- 
tenna array is doubled, the gain in- 
creases by  3 dB." This is true only in 
theory. Most antennas don't have a 
perfectly rectangular capture area or a 
clean pattern free of ~idelobes.~ As a 
result, antennas usually have to be 
stacked more closely than desired, 
with a resulting loss of gain.3 

Stacking harness loss - which can 
approach 0.5 dB! - cannot be ig- 
nored. This is why the backplane feed 
system is recommended at the higher 
frequencies and where long transmis- 
sion lines are used.4 

Failure to provide sufficient mechan- 
ical strength not only in the individual 
antenna to be stacked but in the stack- 
ing frame can also cause gain to be 
lower than expected. Therefore, an 
array of long Yagis with a few feedlines 
is recommended over an array of 
smaller Yagis with more feedlines.' 
Plan on a 2.5 dB increase for each 
doubling of the array size. 

8. "Sidelobes rob power and lower 
antenna gain." This is not necessarily 
true. The relationship of gain to side- 
lobe ratios was discussed in reference 
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2. It was shown in reference 3 that if ments to optimize the gain for each MHz was often the only simplex crys- 
the sidelobes are down 15 to 18 dB in boom length. However, while extra tal provided when the rigs were pur- 
the antenna to be stacked, the grating elements may not be required, they chased. Hence it became a common 
lobes in the final array should be down can frequently be used to improve pat- meeting frequency for those who use 
13 dB for optimum gain. However, if tern and bandwidth of the d e ~ i g n . ~ , ~  simplex channelized FM. But as time 
the antennas to be stacked have side- 
lobes 13 or less dB down before stack- 
ing, they can't be optimally stacked. 
Each case must be studied separately, 
using references 2 and 3. 

9. "A good antenna requires a 
balun." Not true. As stated above, a 
Gamma match can be effective. A well 
designed balun can do a great job of 
eliminating any radiation from a trans- 
mission line.12 But an improperly 
designed balun, or one that uses a 
lossy transmission line, can actually 
lower the gain of the antenna! Proceed 
with caution and keep all balun losses 
as low as possible. 

10. "Front-to-side and front-to- 
back ratios are important antenna 
design parameters." This statement 
is only partially true. The lobes at 90 
degrees off boresight on a properly 
designed and built Yagi antenna are 
virtually at infinity in the E plane.2 

A good front-to-back ratio may 
seem desirable for eliminating an inter- 
fering signal off the back of an an- 
tenna, but ratios exceeding 20 dB are 
not going to measurably improve gain 
or noise temperature. Furthermore, 
the angle subtended by the rear lobe 
is typically narrow so it is of dubious 
value. In a contest, it may be to your 
advantage to have some rear lobe radi- 
ation so you don't miss a new station 
or multiplier off the back of your 
antenna. 

11. "The more elements in a Yagi 
antenna, the higher the gain." This 
is definitely false. Note that the NBS 
4.2 wavelength Yagi has 15 elements, 
or two fewer elements than the 3.2 
wavelength design. Yet it has more 

12. "Stacking improves gain and 
performance." Properly executed, 
the gain of an array is improved if it's 
properly ~ tacked .~  Unfortunately, the 
operational performance may be de- 
graded. For instance, if the beamwidth 
is too narrow in the horizontal plane, 
the array may not be optimum for 
meteor scatter operation, where the 
signals frequently arrive off the path.13 
Also, auroral propagation may be 
degraded by vertical stacking. The 
proper stacking, be it vertical or hori- 
zontal, is a function of the type of 
propagation de~i red.~ 

operating 
1. "The best place to operate is 
right on the calling frequencies 
since that's where the action is." 
Unfortunately, there's plenty of truth 
to this statement, especially when 
good propagation conditions are oc- 
curring, such as during meteor show- 
er and sporadic-E openings. This has 
been a real problem ever since the con- 
cept of VHFIUHF "calling frequen- 
cies" was instituted in the U.S.A. in 
1978.6 It's really sad, since it usually 
deprives all but the largest stations 
from sharing in the DX. 

If the calling frequency concept is 
properly used, stations will call CQ or 
an appropriate station and immediately . .  . 
QSY to a different frequency so that 
others can then use the calling fre- 
quency. Always remember to QSY at 
least 10 kHz away from the calling fre- 
quency. QSYing only 5 kHz eway very 
often causes QRM to other stations 
listening on the calling frequency, 
especially if adjacent stations are 
strong or if there is any splatter. 

went by, this frequency became very 
congested. What's more, it became a 
calling frequency for FM'ers as well as 
a frequency for passing emergency 
traffic. So it became a real sore point 
when contesting invaded 146.52 FM. 

For the present, it's rather a moot 
question since contests - at least 
those run by ARRL - are no longer 
permitted on this frequency. Suffice it 
to say that this frequency should be 
used only as a calling frequency and 
for passing emergency traffic. Once 
contact is established, a quick QSY to 
one of the adjacent FM channels is 
suggested. 

3. "Scheduling stations during a 
contest, especially those stations 
out of your area, helps to improve 
your score." This is probably not true 
unless you're a big contest station and 
desperately need every possible multi- 
plier. Schedules do attempt to bring 
together people who normally may 
have difficulty casually running into 
each other. But schedules frequently 
take up valuable contest time. If too 
much time is used on schedules, 
there's a possibility that you may miss 
contacts by not working random sta- 
tions that stay around for only a short 
time. Scoring must be carefully evalu- 
ated to see where your strengths and 
weaknesses lie. 

4. "Everyone should develop his or 
her own style of operating proce- 
dures." This is an individual prefer- 
ence. It's always interesting when 
someone develops a new procedure 
that increases or improves communi- 
cations. Such cases that quickly come 
to mind are meteor scatter and EME 
QSO procedures. But Amateurs who 

gain.' 2. "146.52 MHz is a good frequency try to invent new procedures should be 
What's more important in a Yagi for VHF contest operation since prepared to have lots of failures unless 

antenna design is where the elements there are so many stations that others know what they're up to! Con- 
are placed with respect to each other operate there." This freqency has fusion may follow when new routines 
(proper inter-element spacing) and the been controversial for some time. In or procedures are adapted. Signals on 
respective lengths of each director. the early days of FM operation, most VHF/UHF are often weak, and any 
There is a minimum number of ele- rigs were crystal-controlled and 146.52 changes in operating procedures from 
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those normally used could cause con- Even though the shower may peak Furthermore, the best tropo open- 
fusion and incomplete QSOs. at a specific time, that may not be the ings usually occur when a slow-mov- 

best time for a schedule, since the ing high pressure (30.3 inches or 1025 
propagation radiant* of the shower may not be in millibars) area is present and mixed - - -  
I. "Operation on EME requires an 
investment of thousands of dol- 
lars." This is no longer true, especially 
if you're resourceful and are willing to 
build much, or even all, of your own 
gear. The most costly items associated 
with EME operaton are usually the 
antenna system and the power ampli- 
fier. There are now more than enough 
antenna designs available to enable 
you to "roll your own" EME antenna 
for any band where EME operation is 
presently conducted. Their perfor- 
mance can equal or exceed that of any 
commercially available antenna. 

Likewise, there are plenty of designs 
available for power  amplifier^.'^,'^ 
There's no need to run expensive 
tubes unless you want to go to the 
legal limit. Many active EME'ers (in- 
cluding yours truly) have never run 
over 750 watts of output power and 
have been quite successful. You can 
also purchase or trade amplifiers. 

Full legal power can definitely 
increase success ratios. Power helps 
when conditions are poor or if one of 
the EME stations is only marginal. (For 
further information, see references 16 
and 17. The bibliographies at the end 
of these references provide more than 
enough information to help you keep 
costs down.) The best advice I can 
give on keeping costs low is to try 
tested and proven designs. Avoid in- 
venting new designs that may be more 
costly - especially if they're not 
successful! 

2. "The Perseids meteor shower 
always peaks on the morning of 
August 11." This is a myth. There are 
times every few years when this 
meteor shower does peak on this date 
and time. But you have to remember 
that the showers occur at the same 
time each year unless they're deflected 
by a planetary encounter. Since our 
year is 365.25 days long (that's why we 
have a leap year every four years), the 
shower, in Earth time, will occur 
approximately 6 hours later each year! 

the proper location for communication 
in the direction desired. For example, 
it won't be very productive to operate 
when the radiant of the shower is on 
the other side of the earth, even if it 
is during the peak of the shower! (See 
references 13 and 18 for further infor- 
mation on this and other questions 
about meteor scatter communica- 
tions.) At the end of each month's 
VHFJUHF World column I list the 
latest updated information on the 
predicted peak of the major showers; 
please note that this information does 
not include the location of the radiant.) 

3. "Circular polarization is the 
only way you can operate on 
OSCAR." This has been proven false 
many times by those who regularly 
operate the satellites. It's true that cir- 
cular polarization can yield up to 3 dB 
improvement on transmitting and 
receiving the satellites. 

However, due to the geometry in- 
volved, the "sense" of circular polar- 
ization may actually reverse. As a 
result, you'd be significantly weaker on 
circular polarization during these times 
than if you used linear polarization if 
the sense reverses. 

The bottom line is that you can use 
linear polarization on OSCAR with the 
possibility of a greater fading rate. Cir- 
cular polarized antenna systems are 
recommended, but only if they provide 
the capability for switching sense from 
clockwise to counterclockwise as 
required. 

4. "Good openings always occur 
with a high barometer." This is par- 
ticularly true for tropospheric propaga- 
tion, but is not true for aurora, F2, 
sporadic E, etc. In North America, the 
best tropo openings seem to occur 
during the spring near the Gulf of Mex- 
ico, during the summer on the Cali- 
fornia-to-Hawaii path, and during the 
summer and fall in the more northern 
 latitude^.^^'^ 

*Radiant - the point in the sky from which meteors 
appear to emanate. 

with warm moisture from the south. 
(For further information, see refer- 
ences 6 and 19.) 

5. "The VHFIUHF bands are always 
open. It's just a case o f  no activ- 
ity." This is a definite fallacy. I fre- 
quently hear this statement right after 
a VHF contest when the propagation 
conditions were good and there were 
lots of mountain-top stations. The 
dates of the ARRL June and Septem- 
ber VHF QSO parties were purposely 
chosen to coincide with periods that 
have proven, over the years, to offer 
a high probability of extended open- 
ings. The August UHF and the spring 
Sprint contests are usually popular 
even though extended openings are 
few because of poorer propagation 
conditions at that time of year. 

High locations do give some DX ex- 
tension by virtue of the fact that they 
see a more distant horizon than a low- 
altitude station. Most mountain-top- 
pers have shorter feedline and fewer 
obstructions to limit propagation. 
Although there are admittedly more 
mountain-top operations during the 
contests, there are fortunate persons 
who own mountain-top QTH's and are 
on the air year 'round. They can testify 
to the inaccuracy of the falsehood 
above. 

Many good openings go undetected 
or are caught by only a few avid or 
lucky operators. Openings are missed 
mainly because of low, uncoordinated 
activity. We all know the frustration of 
calling a CQ with a highly directive an- 
tenna, only to find out later that a DX 
station was heard in our area, but that 
he had his antenna pointed in a differ- 
ent direction at the time of our CQ. 

The best way to catch openings is 
to watch weather maps, be vigilant 
during the most likely seasons for 
openings6,19 monitor the calling fre- 
quencies, take advantage of propaga- 
tion beacons, and adhere to nightly 
schedules as well as uniform activity 
nights and hours.6 
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6. "It takes a hurricane to get a 
good tropo opening." I have long 
observed that the good openings at 
higher latitudes often occur when hur- 
ricanes occur south of the path (refer- 
ences 6 and 9). But there are excep- 
tions - for example, the Gulf of 
Mexico opening in the spring, and 
openings in the fall in the more north- 
ern latitudes. 

What's required for an opening is 
explained in item 4 above. Yet the 
coincidence of longer DX openings 
occurring when hurricanes are present 
cannot be denied. Hurricanes cause 
low pressure areas to develop. These 
low-pressure areas affect high pressure 
areas, causing them to build up and 
move slowly - this slow movement, 
combined with the warm moisture 
drawn from the low pressure area, 
results in extended  opening^.^ 

receivers 
1. "You need a GaAs FET preamp 
to work DX on the VHFIUHF 
bands." This is definitely false. How 
do you explain all the DX before solid- 
state devices were available in the 
1960s? There are plenty of good 
JFETs, MOSFETs, and bipolars that 
yield low noise figures (1 to 2 dB), 
which is more than sufficient for non- 
EME modes where local noises are fre- 
quently the limiting factor in com- 
munications. 

There's no denying that GaAs FETs 
are becoming very popular.20 In many 
cases, they've improved receiver sen- 
sitivity. But the fallacy that they're the 
only devices that work well has prob- 
ably been irrevocably spread since 
antenna-mounted preamplifiers are 
now quite popular and most use GaAs 
FETs. 

2. "A low noise figure receiver will 
always outperform one with a high 
noise figure." You can't deny that 
receiver sensitivity is a great factor in 

have poor dynamic range.m High gain 
ahead of a mixer, especially a poor 
one, can cause blocking and IMD as 
well as other annoying phen~mena.~' 

Many modern receivers, and in par- 
ticular the synthesized HF transceivers, 
have very poor phase noise and are 
easily overloaded. Therefore, in order 
to hear the weak ones, attention must 
be paid to the dynamic range as well 
as the noise figure of the receiver. 

3. "28 MHz is a good IF for a 
VHFIUHF converter." Generally 
speaking, this is true. Attention must 
be paid to dynamic range, as just dis- 
cussed. However, when you go up in- 
to the UHF frequencies, image rejec- 
tion becomes a real problem.23 It's not 
a trivial problem to filter out an image 
only 56 MHz away from a 1296 MHz 
converter without incurring some un- 
desirable filter loss.24 Image rejection 
or image recovery mixers are recom- 
mended.23 For simplicity, 2-meter 
(144-144.5 MHz) IFs are an acceptable 
alternative and are becoming very 
popular. 

4. "A 1 MHz crystal calibrator 
makes an accurate VHFIUHF fre- 
quency calibrator." This is definitely 
false. Crystals below 3 MHz (because 
of their "cut") are usually much less 
stable than those between 3 and 10 

Furthermore, 3 and 4 MHz 
markers are very convenient because 
they can place loud, easy-to-find 
calibration points in most receivers on 
144 MHz and above. 

The calibrator discussed in reference 
25 is highly recommended and should 
be an essential part of every well- 
equipped VHFIUHF station regardless 
of the equipment used. Your success 
rate drops dramatically when you don't 
know your frequency within at least 1 
kHz, especially on EME and meteor 
scatter  communication^.^^^^^^'^ 

scene a few years ago. The older AIL 
models 74 and 75 as well as the HP 340 
series gave good results. 

The principal reason for the popular- 
ity of the HP 8970A is that it's quick 
and easy to use, measures both noise 
figure and gain simultaneously, and 
has a digital readout with 0.01 dB pre- 
cision. It's been shown, however, even 
by the manufacturer, that the results 
are probably only accurate to k0.5 
dB. It's also been shown more recently 
that preamplifiers with poor input 
VSWR (such as most GaAs FETs) can 
cause large measurement errors (up to 
0.5 dB) if you don't use a noise tube 
with at least 10 dB of extra internal 
attenuation (such as the newer HP 
346A type).20 

Don't be fooled by digital readouts 
and extravagant claims. What's really 
important is whether your preamplifier 
is optimized to the minimum noise fig- 
ure it can deliver (this can be done with 
either the older or newer instruments) 
and how it stacks up with other de- 
signs (comparison at noise figure 
measurement ~arties). 

6. "A IN21 or back biased transis- 
tor makes a good noise figure gen- 
erator." This is usually untrue. Many 
of the older 1 N21 type of noise gener- 
ators had terrible VSWR that caused 
the preamplifier under alignment to be 
optimized to the noise generator impe- 
dance rather than to 50 ohms. This can 
also be true with transistors. Always 
use at least 10 dB of attenuation, pre- 
ferably an attenuator "pad" with low 
(1.2: 1 maximum) VSWR, between 
your noise generator and the device- 
under-test. (See item 5 above.) 

7. "A Dow-Key relay won't have 
sufficient isolation at VHFIUHF 
frequencies." This can be misleading 
unless the specific type of relay is 
stated. Some of the Dow-Key relays 
have an extra isolation feature. Other - 

communications. After all, "If you 5. "You need a Hewlett Packard manufacturers also have isolation 
can't hear them, you can't work 8970A noise figure meter to accu- problems. 
them." But noise figure is only one rately tweak a preamplifier to its It has been pointed out that for safe- 
part of the equation. High dynamic lowest possible noise figure." This ty's sake, the power entering a low- 
range is also extremely important, is definitely false. There were plenty of noise preamplifier should not exceed 
especially if other strong stations are optimized low-noise preamplifiers long 10 milliwatts and 100 milliwatts at 
present. Low-noise preamplifiers often before the HP 8970A arrived on the worst case.16 It was also shown in 
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Hand -h r l r l  Transrrvver* 
Deluxe models Regular SALE 
IC-02AT lor 2m ....... 349 00 289" 

6 - r ~ ~ r . r r r  VtiF Porrahlc* IC-04AT lor 440 MHz 319 00 28gq5 
IC-505 3/10W 6m SSB/CW portable 449 00 399" Standard models Regular SALE 

.......... IC-2A lor ?m 239 50 18gq5 
....... IC-PAT wlth TTP 269.50 19g9' 

IC-3AT 220 MHz. TIP 299.95 23g9' 
IC-4AT 440 MHz. TIP 79995 23g9' 

....... EX-243 Electron~c keyer unlt 50.00 

BC-35 l)rop In desk charger for all batter~es 69.00 

.... TS-32 CommSpec encode/decoder 59.95 

HM-I2 Extra hand m~crophone ..... 39.50 
SM-6 Desk m~crophone ............. 39.00 
RC-I0 Exlernal lrequency controller 35 00 
ME-18 Mob~le mount ............... 19.50 

O r l l r r  A r r f w o r i r c :  
PS-15 20A external power supply. 149.00 1349' Larsen PO.TLM Trunk.l~p mount 20.18 .... 

CF-I Cool~ng Ian lor PS-I5 ......... 45 00 

.... SP-5 Remole speaker lor mob~les 25.00 
CR-64 H~gh stab. rel. xtal (7451751) 
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reference 16 that for optimum results 
and safety, a two-relay system is 
recommended. The second relay 
should return the preamplifier to 50 
ohms during transmit to prevent amp- 
lifier oscillation and possible destruc- 
tion during transmission periods. 

It was further pointed out in refer- 
ences 16 and 26 that the length of 
transmission line between the two 
relays is important if the increased iso- 
lation is to be obtained. Suffice it to 
say that much more attention should 
be paid to the relay types used and at 
least 50 dB of transmit-to-receive iso- 
lation is highly recommended, espe- 
cially when high power is used. 

8. "1 built it just like the article and 
it didn't work." Oh, how often 
authors hear this statement! For this 
very reason I've often spent hours 
carefully writing and then rewriting my 
column to make sure that everything 
is perfectly clear. Proof copies are 
carefully scrutinized several times 
through the various stages of produc- 
tion. However, bugs do occasionally 
creep in! 

Suffice it to say that all circuits 
should be duplicated exactly as shown 
(providing that an error hasn't crept 
into the schematic!) unless you have 
enough test equipment and experience 
to outwit the author. I must admit that 
I will sometimes not publish new de- 
signs for fear that they may be too 
complicated or will be likely to cause 
a rash of angry letters. If you alter an 
author's circuit, however slightly, or 
substitute a different part than speci- 
fied, don 't b/ame the author or ask him 
for help if you experience a problem! 

transmission lines 
1. "Open-wire transmission line 
has less loss than coax." This is 
probably true if the VSWR on the open 
wire line is low, or if there's no con- 
tamination or moisture on the insula- 
t o r ~ . ~  However, open wire lines must 
be relatively straight and be kept away 
from other lines and antennas. As a 
result, coaxial cable, even though it 
may have slightly higher loss, may be 
more desirable, especially when multi- 

ple antennas and feedlines are present 
on the same mast. (For further infor- 
mation on this subject, see references 
4 and 5.) 

2. "Always cut phasing lines in 
multiples of one-half wavelength." 
This theory was debunked in reference 
4, where it was pointed out that for 
proper power distribution, odd num- 
bers of quarter-wavelength feedlines 
are preferred. (Refer to reference 4 and 
its references for further information 
on this subject.) 

3. "The way to improve EME an- 
tennas is to replace all coax with 
open wire lines." This subject was 
discussed in detail in references 4 and 
5. For many of the reasons mentioned 
above, coaxial cable, properly chosen 
and used, may be preferable to open 
wire line. 

4. "You need a Bird wattmeter to 
accurately measure transmitter 
output power and VSWR." This is 
also not true. There are other suppliers 
of good accurate power/VSWR 
meters. Most power meters have their 
own limitations. For instance, the 
accuracy of the power indicated is 
usually only + 5 percent of full scale. 
This means that a 5-watt error is pos- 
sible on the 100-watt scale. This can 
really affect the power measurement 
at a 25-watt power level on the same 
scale! 

VSWR measurement accuracy is af- 
fected by the directivity or ability of the 
instrument to be able to distinguish be- 
tween a true and a poor VSWR. Typi- 
cally 20 to 30 dB is the limit, meaning 
that VSWR readings below 1.2: 1 may 
be inaccurate. 

Accurate readings of VSWR can be 
accomplished at low levels using the 
techniques and inexpensive coupler or 
VSWR bridge described in reference 
27. If you build a hybrid coupler simi- 
lar to the one in reference 27, you can 
build your own power meter and cali- 
brate it against a borrowed meter. Un- 
less you're measuring power near the 
legal limit or are trying to measure the 
efficiency of a high-power amplifier, an 
expensive power1VSWR meter is not 

required. But once you use one, you'll 
be hard pressed to do without it. 

5. "A 1.5:1 VSWR is good enough." 
This is true. But where is the VSWR 
measured, and how accurate is the 
VSWR meter? Reference 5 pointed out 
that the length and loss of the trans- 
mission line between the antenna un- 
der test is extremely important on VHF 
and higher frequencies. For instance, 
a line loss of 7 dB (not uncommon on 
some of the higher bands where long 
runs are needed) transforms an open 
or short circuit (infinite VSWR!) at the 
far end into 1.5:l VSWR at the near 
end.27 

It can't be stressed enough that for 
optimum performance on the VHF and 
the higher bands, the quality of the 
VSWR meter as well as the feedline 
loss5 must be taken into account when 
testing for VSWR! 

6. "RG-58 can be used on 432 
MHz." True - but the results may be 
disastrous! This type of line normally 
has a loss of over 10 dB per 100 feet 
(30.5 meters) and can handle only 
about 75 watts safely at 432 MHz.5 So 
RG-58 coax cable should be used 
only sparingly in places where the line 
loss is not critical. 

7. "PL259s are OK at 432 MHz." 
True. But this is so only if the PL259 
is properly integrated with the coaxial 
cable. It must be stressed that the 
PL259 is not watertight, doesn't have 
a guaranteed VSWR, and probably 
can't handle much power on the UHF 
frequencies. Therefore, it should be 
avoided if at all possible. 

8. "HeliaxTM and hardline transmis- 
sion lines are too expensive for 
Amateurs." This is a common mis- 
c~ncept ion.~ The cost of generating 
high power at VHF/UHF frequencies 
and high transmission line losses are 
usually the limiting factors in success- 
ful communications. Placing preamp- 
lifiers at the top of a tower helps the 
receive path, but transmitters (espe- 
cially the high power tube type) are not 
readily mounted at the top of a mast. 

Good quality feedline such as Heliax 
and hardline, with their low insertion 
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loss, will not only deliver the most references 14 and 15 and drop your friends. The 4CX250B is rated on SSB 
"bang for the buck," but will also fre- power, too. Both you and the tube will operation at 500 watts input for 300 
quently outlast lower cost transmission be friends for a longer time! watts PEP output per tube with an 
lines by a 2 to 5:l ratio. If remote re- 
lays are used, they can do double or 
even better duty by servicing multiple 
antennas. As a result, the high initial 
cost is quickly amortized over the years 
and the performance is top notch to 
boot. Couple this with the favorable 
prices often found at flea markets and 
you have a super bargain! 

3. "You can't operate 2-meter EME 
without an 8877 amplifier." If there 
ever was a misconception, this is it. 
Hundreds of Amateurs operate EME 
without running the legal limit or using 
a high power tube like the 8877. 

Other tubes that will deliver the 
same power14,15 are available. Tubes 
can also be run in parallel. You can 

IMD of only 25 dB.14 IMD of 30 dB is 
considered Amateur standard. So 
don't argue with fellow Amateurs 
when they say you're splattering and 
you are only running 600 watts PEP 
output from a pair of 4CX250Bs! 

7. "IMD isn't a real problem on the 
VHFIUHF bands since there are so 
few stations and they're all geo- 

9. "The G-line is a nickname for the operate EME with as low as 500 watts graphically separated." Amateurs 
chorus line at a burlesque house." of output power if you're patient, have on VHFIUHF used to say that they 
I ask this question to see if you're still sufficient antenna gain, and "have didn't have to worry about dirty signals 
awake. "G-line" was mentioned in my your act together."16,17 on VHFIUHF since there were so few 
October, 1985, VHF/UHF World Col- 
~ r n n . ~  It's basically a single wire trans- 
mission line similar to a toy "string 
telephone." It has many exciting possi- 
bilities for low loss and inexpensive in- 
stallations. See the October article for 
further information. 

transmitters 
1. "VHFIUHF amplifiers typically 
have 20 dB of gain." This theory, 
which has been around for some time 
now, invariably causes grief when 
someone discovers that you can't run 
1500 watts of output with a 10-watt 
driver.14 Typically speaking, the gain of 
most VHF amplifiers is 15 to 20 dB and 
10 to 16 dB at UHF. This is only if the 
amplifier is operated in linear service. 
Class C has lower gain and is not rec- 
ommended for reasons mentioned in 
reference 14. 

The more modern grounded grid tri- 
odes frequently have 3 dB lower gain 
than this although they are usually 
more stable than the older neutralized 
designs. When you buy or build an 
amplifier, check the specifications be- 
forehand and see what the drive re- 
quirements will be. You may need an 
additional driver to get the output 
power expected from your amplifier.28 

2. "You can run a single 4CXZOB 
at 500 to 600 watts output." True, 
but your tube won't last very long! 
Amateurs seem to have a thing about 
running devices past manufacturers' 
ratings! They frequently provide insuf- 
ficient cooling to boot. Better read 

4. "Speech processing extends 
your SSB transmitting range and 
prevents you from splattering." 
This statement is true as long as you 
use the speech processing properly 
and don't overdrive your transmitter. 
All too often, Amateurs not only run 
their amplifiers in a highly non-linear 
fashion but also run improperly ad- 
justed speech processors. If you run 
speech processing, the duty cycle on 
the power amplifier will illcrease. If you 
don't increase cooling to the final 
stage, you could experience premature 
failure. 

5. "If your maximum output power 
level is 100 watts you should occa- 
sionally see that power level regis- 
ter on SSB peaks on your output 
power meter." Boy, here's another 
big lie. Ever since reasonably priced 
power meters became available, 
they've been used to do the wrong 
things. For starters, most power 
meters have a highly damped meter 
movement. As a result, they respond 
slowly. The truth of the matter is that 
under normal circumstances, the 
power meter should be indicating no 
more than about 25 to 30 percent of 
the actual power level of the amplifier 
in a key-down position.28 It's for this 
very reason that solid-state ampli- 
fier/drivers have gotten such a bad 
reputation. 

6. "You can run a pair of 4CX250B's 
at 1 kW output on SSB." This is 
true. However, you won't have many 

people and so much spectrum avail- 
able. But that's all changing now, with 
many stations coming on and often 
operating in close proximity to the call- 
ing frequencies. Line of sight, higher 
gain antennas, and sensitive receivers 
that often lack high dynamic range are 
compounding the p r ~ b l e m . ~ ' , ~ ~  Better 
start watching your signal quality as 
closely as you do on the DC bands. 

summary 
This month's column, sort of a 

mixed bag, was intended to put to rest 
several of the most popular old wives' 
tales. Most of the statements made 
were addressed in the past 23 columns 
and the other references cited. I hope 
you'll be sufficiently interested in the 
subjects discussed to research the ref- 
erenced material independently. At the 
same time, I hope you've enjoyed this 
departure from my usual format and 
will continue to follow this column as 
faithfully as you have. Don't forget to 
drop me a line with any suggestions or 
advice. 

acknowledaements - 
I'd like to thank all the unnamed 

Amateurs who brought the statements 
for this month's column to mind. Un- 
fortunately, I can't name you all, but 
some of you would rather not be iden- 
tified anyhow! I do want to extend 
special thanks to Lewis Collins, 
W1 GXT, and Gary Madison, WA2NKL, 
for helping me assemble many of the 
statements used as the basis for this 
month's column. 
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I ANTENNA SALE I 
HYGAIN TOWERS 
HG37SS . . . . . . . . . . . . . . . . . .  
HG52SS . . . . . . . . . . . . . . . . . .  A 
H G 5 4 H D . .  . . . . . . . . . . . . . . . .  L I 
CUSHCRAFT 
A3 205 00 
A 4  . . . . . . . . . . . . . . . . . . . . . . . . .  275.00 
R3 255.00 

. . . . . . . . . . . . . . . . . .  4 0 - C D 2 . .  275.00 
AV5 . . . . . . . . . . . . . . . . . . . . . . .  96.00 

KLM 
K T 3 4 A .  . . . . . . . . . . . . . . . . . . . .  329.00 
KT34XA . . . . . . . . . . . . . . . . . . .  475.00 

. . . . . . . . . . . . . . . . .  432-2OLBX 64.00 

HYGAIN 
TH3JR . . . . . . . . . . . . .  

HUSTLER 
25% OFF A L L  MOBILE 

. . . . . . . . . . . . . . . . . . . . . .  6BTV 125.00 

AEA 
144SR . . . . . . . . . . . . . . . . . . . . .  42.00 

BUTTERNUT 
HFGV . . . . . . . . . . . . . . . .  .. . . .  110.00 
H F 2 V .  . . . . . . . . . . . . . . . . . . . . .  110.00 

ROTATORS 
C D 4 5 . .  . . . . . . . . . . . . . . . . . . . .  139.00 

. . . . . . . . . . . . . . . . . .  H A M  I V . .  228.00 
T2X . . . . . . . . . . . . . . . . . . . . . . .  275.00 

. . . . . . . . . . . . . . . .  AVANT1 2M 29.95 
HI-Q BALUN 9.95 

KENPRO 
. . . . . . . . . . . . . . . . . . .  K R 4 0 0 . .  119.00 
. . . . . . . . . . . . . . . . . . .  K R 5 0 0 . .  149.00 

. . . . . . . . . . . . . . . . . . . . .  KR600 199.00 
KR5400 249.00 
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important VHFIUHF events 
December 2: 7 to 11 PM local SWOT 

Brneter QSO party linforrna- 
tion from K5lSI 

December 1 1 : EME Perigee 
December 13: Peak of the Gerninids Meteorv 

Shower predicted at 0650 
UTC 

December 21: Peak of the UIsids Meteor 
Shower predicted at 22(XI 

UTC 
December 21: + 1 month, winter peak of 

sporadic-E propagation 
January 3: Peak of the Quadrantids 

Meteor Shower predicted at 
.z3m UTC 

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

contest 
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MUF Forecasting 
Recent studies of variations in max- 
imum usable frequency (MUF) and its 
controlling factor, foF2 (the maximum 
ion density of the ionosphere), show 
how to do MUF forecasting (a day or 
two ahead) during the next year of 
DXing. In previous columns, methods 
for obtaining a mid-latitude noontime 
foF2 or MUF baseline (average) value 
using the average solar flux value for 
the same month were provided.' 

The daily percentage change in 
MUF can be obtained by using a fac- 
tor related to the daily change in solar 
flux or geomagnetic A index. The fac- 
tor given in 1984 was percentage 
change in MUF equals 30 per cent of 
the solar flux change (1 per cent for 
every 3 flux units). This was when the 
solar flux numbers were in the 150s, 
with large daily excursions of 10 to 20 
units and a 2 to 3-day delay for the 
ionosphere's foF2 to catch up. This 
approach to forecasting really works! 

Now that we're near minimum sun- 
spot number, does the same factor still 
apply? No. Since the ionosphere is a 
geophysical system in equilibrium (i.e., 
balanced), expect compensating con- 
ditions to occur even though MUFs are 
lower. The large and fast variations no 
longer occur but are slower-changing 
- 10 to 20 units in value over a period 
of several days. 

One study shows that the iono- 
sphere is now more sensitive to solar 
flux changes. The new factor has each 
flux unit equal to 1.2 the percentage 
foF2 change. In addition, the 2 to 3- 
day delay is no longer experienced 
because solar flux variations occur 
slowly enough for the ionosphere to 
"keep in step." 

The study also indicated that the 

ECASTER 

influence of geomagnetic field varia- 
tions on the ionosphere is greater now 
than when solar flux levels were 
higher. For example, at higher fluxes, 
an A of 16 to 30 decreased the foF2 
by approximately 4 to 7 per cent and 
an A of over 100 resulted in a 15 per 
cent decrease from the median value 
of the month. At the current flux level, 
an A of 1 I to 70 causes an 8 to 25 per 
cent decrease in foF2. There appears 
to be quite a difference. However, the 
foF2 median value at the higher value 
of flux was 9 MHz; currently it is 5.5 
MHz. Take 15 per cent of 9 MHz and 
25 per cent of 5.5 MHz. Notice that 
these values are very close to 1.25 
MHz - the actual foF2 reduction - 
in either case. 

The ionosphere has a way of equal- 
izing effects between sunspot ex- 
tremes. These foF2, solar flux, and A 
index relationships were further con- 
firmed by a study conducted at the 
Institute of Telecommunication 
Sciences (ITS) in Boulder, Colorado. 
The study examined the distribution of 
MUF values about the median (value) 
for the month over a 6-hour period 
during each day during the various 
seasons and over three sunspot num- 
ber ranges. They found little difference 
(only 2 per cent) between mid-latitude 
MUF variation and sunspot levels. 
(More on this study next month). 

In summary, the current solar flux 
increases, though small, cause the 
mid-latitude MUF to increase (1 per 
cent for each flux unit). During dis- 
turbed geomagnetic field conditions, 
the reduction in mid-latitude MUF 
(which occurs a few hours after the 
onset of a storm) can be found from 
this relationship: percentage change in 
MUF = 0.375A + 3.75. Values of solar 
flux and geomagnetic field indices are 

Garth Stonehocker, 

broadcast by WWV at 18 minutes after 
the hour. These new factors should 
help you more accurately forecast DX 
conditions during the next few years 
of low sunspot numbers. 

last minute forecast 
The higher HF bands (10 through 30 

meters) are expected to be best during 
the first and second weeks of Decem- 
ber as well as part of the last week of 
the month. A solar flux peak on 
December 5 and another on January 
1 are expected to occur, enhancing DX 
conditions. Lower solar flux values will 
mean lower MUFs during the third and 
fourth weeks of December. However, 
lower flux means greater daytime sig- 
nal strengths on the lower HF bands 
since there'll be less absorption during 
these times. Lower absorption nor- 
mally occurs during the winter months 
as well as during the 27-day solar cycle 
minimums. The geomagnetic field will 
probably be disturbed during the third 
week of the month. These distur- 
bances result in a reduced MUF on 
east-west and northern paths and an 
enhanced MUF on transequatorial 
paths. 

The Geminids meteor shower, 
which will peak on December 13-14, 
will provide the richest and most relia- 
ble display of the year, with rates of 
60 to 70 per hour. Because optical 
observations may be difficult or impos- 
sible during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
observed on December 22. 

Lunar perigee and a full moon will 
occur on December 11 and 27, respec- 
tively. Winter solstice occurs on the 
21st at 2208 UT. 
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The ~talicized numbers slgnlfy the bands to try during the transltlon and early mornlng hours, while the slandard type provjdes the MUF during "normal" hours 

'Look at next higher band for possible openings. 
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$1 6.95 
GRAYLINE AND LONG PATH 

PREDICTOR 

NEMAL ELECTRONICS INTL., INC. 

718 Inch loss 28 dB1100 ft @ 30 MHz 
2 54 dB1100 f1 @ 1000 MHz $3 25/11 

RG2141U tlnned copper 
RG2171U double shield 500 518" OD 

112 Inch loss 38 dB1100 1t @ 30 MHz 
LOW LOSS FOAM DIELECTRIC 

RG 8X (Mini 8) 95% sh~eld (815 001100) or 17g/f1 
RGBU 80% sh~eld ($19 001100) or 22g11t 

Great Circle Overlays 
20°, 30°, & 40° Latitude (NSS) 
$5 each 
$3 When purchased with tilde rule DX E d g e  
Please enclose 53.50 shipping and handling 

Ham Radio's Bookstore 
Greenville, NH 03048 

COMPARE RG 213 1 25 dB11W @ 30 MHz 
8 5 dBllOO CRI 1003 MHz I 

HARDLINE CONNECTORS 
112 lnch alum~num UHF MIF $19 00 Type N MIF $22 00 
718 Inch aluminum UHF MIF $49 00 Type N MIF $49 W 
112 Inch copper UHF MIF $22 00 Type N MIF $22 00 
718 ~nch copper UHF MIF $49 00 Type N MIF $49 00 

shrpplng 
Cable - $6 0 0  per 1 0 0  ft 
Connectors - $ 3  0 0  per order 
Orders under $ 2 0  add $2  addrtronal plus shrpprng 
Charge card - orders over $ 3 0  only 
COD add $2  0 0 .  Flonda Residents add 5% 

FACTORY AUTHORIZED DISTRIBUTOR 
AMPHENOL, CABLEWAVE, COLUMBIA, KINGS 

BLONDER-TONGUE, TYTON, B&K 

COAXIAL CABLE S M A N  PRODUCTS 
MULTICONDUCTOR CABLE COAX-SEAL 
CONNECTOR$ADAPTERS * COMPUTER CABLE 
HARDLINE CRIMP TOOLS 
CABLE TIES FIELD STRENGTH METER 

band-by-band summary 

RG58U 95Vo sllleld 1O~lf l  
RG591U 100% foil shield TV type 10c/ft 
RG591U 70% copper sh~eld ~ ~ f t  
HEAVY DUTY ROTOR CABLE 2 16 ga 6 20 ga 36*/It 
Rolor cable 2 18 ga 6 22 ga Poly burla1 Jkt 1961ft 
Complete line of mult~conductor cable. ava~lable 

CONNECTORS MADE IN USA 
Amphenol PL 159 89' 
PL 259 andlor SO 239 65I ea or 10/$5 99 
Double Male Connector $1 79 
PL 258 Double Female Connector 98' 
PL 259 Silver Teflon K~ngs $1 59 ea 
Reducer UG I15 or 176 22' or 10/$2 00 
UG 255 (PL 259 to BNC) $2 95 
Elbow (M359) UHF Elbow $1 79 
F59A (TV type) 24' or 10/$2 00 
UG 21 D/U Type N Male for RGB Amphenol $3 00 
UG 88ClU BNC Male for RG 58 Amphenol $1 25 
UG 273 BNC PL259 Amphenol $3 00 
3116 ~nch MI~P Plug for Coll~ns etc (I  utofi) $1 25 
shlpprng 
Cable - 5 3  0 0  per 1 0 0  f l  
Connectors - add 1O0h, $3.00 mrnimum 
Orders under $ 2 0  add $2 additional plus shrppmg. 
Charge card - orders over $ 3 0  only 
COD add $2.00. Florrda Residents add 5%. 

Ten and twelve meters, the highest 
day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 75 during the 7 to 
10-hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 4000 km (2400 miles) 
in single-hop length, and on occasion 
double that during evening trans- 
equatorial openings. 

12240 N.E. 14th Ave. IN STOCK mIm - - NomMiami,FL33161 - ~ ~ ~ ~ ~ ~ ! E l : , E ~ ~ -  
Telephone: (305) 893-3924 r /  159 

Fifteen meters, a day-only DX band 
open most of each day, has lower sig- 
nal strengths and greater multipath 
variability than 10 and 12 meters. It will 
be best when the MUF is just resting 
above this band, until it drops below 
it - a transition period that occurs 
right after sunrise and just before sun- 
set. Transequatorial openings will 
occur, with distances similar to 10 and 
12 meters. 

Twenty, thirty, and forty meters are 
both day and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions dur- 
ing daytime. In combination with 30 
meters, it provides nighttime paths for 
the day-only bands. Forty meters 
becomes the main over-the-pole DX 
daytime band, with some hours 
covered by 30 meters. This path may 
be affected by anomalous absorption 
during a few days of the month. 

Eighty and one sixty meters, the night- 
only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. On 
some nights, 80 meters, with its high 
signal strengths, will be the best band 
to use. One-sixty is also expected to 
provide good conditions. Please 
remember the DX windows of 3790 to 
3800, 1825 to 1830, and 1850 to 1855 
kHz. 

references 
1. Garth Stonehocker, KQRYW, "DX Forecaster," ham 
radio, January, 1984, page 83, and February, 1984, 
page 79. 
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I - 1 ASTRON POWER SUPPLIES 
HEAW DUTY HIGH (IUAUTY RUGGED RELIABLE 

RS md VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLD-BACK CURRENT LIMITING Protects POW Supply OUTWT VOLTAGE: 13.8 VDC * 0.05 Mm 
fmn excessive current C continuous shated output. (Internally Adjustable: 11-15 VDC) 

*CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE: Less lhan 5mv peak to peak (full load 
except AS-4A. C low line) 
MAINTAIN REGULATION C LOW R I m E  at bw line 
input VMage. 
HEAW DUN HEAT SINK CHASSIS MOUNT FUSE 
THREE CONOUCTOR POWER CORD 

INSIDE VIEW - RS-12A ONE YEAR WARRANTY MADE IN U.S.A. 

MODEL RSSOA 

RM-A Series 

MODEL RM.35A 

RS-A SERIES 

M O D E L  RS-7A 

RS-.M SERIES 

M O D E L  R S 3 5 M  

V S - M  SERIES 

M O D E L  VS-20M 

RS-S SERIES 

1 M O D E L  RS-12s 

MODEL US-5OM I - MODEL VS-5OM 

19" x S'A RACK MOUNT POWER s u r r i l n  
Continuous IQ' Size (IN) SbPh 

Modal Du* (AMPS) (AM-) NXWXD Wt. (Iba.) 
RM-35A 25 35 5 l h x  1 9 ~ 1 2 %  38 

3 7  50 5 ' / s x 1 9 x 1 2 ' / 2  5 0  
IM3OA e arate Volt and Amp Meters 
~ b ! 3 5 ~  25  3 5  5 ' / 4 x 1 9 x 1 Z 1 / 2  3 8  

RM.50M 3 7  5 0  5 1/4 x 19 x 12'/2 50 

Contlnuws ICS* S l n  (IN) Shlpplnp 
MODEL ouly (Amps) (Amps) H X W X D  w (~ba) 
RS-4A 3 4 3 % x 6 % x 9  5 
RS- 7A 5 7 3 % x 6 % x 9  9 
RS-78 5 7 4 . 7 %  . l o %  10 
RS-1OA 7.5 10 4 X 7% X 10% 11 
RS-12A 9 12 4 ' / z x 8 ~ 9  13 
RS-20A 16 20 5 x 9 ~  10% 18 
RS-35A 25 35 5 ~ 1 1 x 1 1  27 
RS-5OA 37 50 6 x 13% x 11 46 

Switchable van and Amp meter 

ConHnuws ICS* Slzc (IN) Shlpplng 
MODEL Duly (Ampa) l Amps) H x W x O  W (Ibs) 
RS-12M 9 12 4 % x 8 ~ 9  13 
RS-20M 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x 1 1  x i 1  27 
RS.50M 37 50 6 x l 3 % x l l  46 

Separate Volt and Amp Meters 
Output Voltage adjustable from 2-15 volts 
Current limit adjustable from 1.5 amps to Full Load 

Contlnuous Duly ICS* 
(Amps) (Amps) Slzo (IN) Shlpplng 

MODEL ois.rmc@iwswc @13.8V H x W r D  W (Ibs) 
VS-2OM 16 9 4 20 5 ~ 9 ~ 1 0 %  20 

Built in speaker 
Conllnous ICS' Slzc (IN) Shlpplng 

MODEL Duly (Amps) Amps H x W x D  Wt (Ibs) 
RS.7S 5 7 4 x 7% x 10% 10 
RS.IOS 7.5 10 4 x  7 % ~  10% 12 
RS-IOL(For lTR) 7.5 10 4 . 9 . 1 3  13 
RS-12s 9 12 4 x 1 1 8 ~ 9  13 
RS-20s 16 20 5 ~ 9 ~ 1 0 %  18 



antennas and 
transmission lines 
general 
Antenna geometry for optimum performance 

N4HI p. 60. May 82 
Antenna insulators. PTFE VHF 

WSJTL p. 98, Oct 85 
Antenna parameters, equations for determining 

KG60 p. 40. Mar 82 
Antenna restrictions (letter) 

K3SRO p. 6, Nov 81 
Antenna support (HN) 

WGXM p. 64. Jun 84 
Appl~ed Yagi antenna des~gn part 2: 

220 MHz and the Greenblum design data 
WB3BGU p. 33. Jun 84 

Balun chop suey 
K4KJ p. 113. May 85 

Beam antenna mast lock 
W4KV p. 68, Jun 81 

Best way to get an antenna into a tree (HN) 
WASVLX p. 84. Mar 81 

Bulkhead connector (HN) 
K9CZB p. 78. Apr 85 
Short Circuit p. 74. Jul 85 

Dipole antenna length reference chart (HN) 
W6XM p 75. Oct 81 

Direction-finding tool, the fox box 
KlZJH p. 25, Oct 85 

Ground rod resistance 
K4MT p. 95, Jul 84 
Comments p. 8. Sep 84 

Ground systems. installing eflective 
KR7L p. 67. Sep 83 

Ham radio technlques 
WGSAI p. 75. Nov 84 

Ham radio technlques 
WGSAI p. 67. Oec 84 

Leyden's maglc jar- the derlvatlon of 
the Hertzian and Marconi antennas 
KR6 A p. 24. Oct 84 

Light-bulb dummy loads (HN) 
WGHPH p 74. Oct 81 

Neglected antenna for 40 and 80 meters 
W W L  p. 44, Jan 82 
Comments, WOWL p. 8. May 82 

Rain static resolved (Tech, forum) 
WIFYX p. 83, Sep 83 

Static mystery (Tech. forum) 
HB9FU p. 85, Jul 83 
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W8MGl p. 126. Feb 85 

TouchTone decoder, an improved 
NGJH p. 24. Dec 82 

TTL ICs, slmple tests for 
W6ALF p. 37, Mar 82 

271 6 EPROM programmer 
N3CA p. 32. Apr 82 

keying and control 
Call sign identifier: programmable (weekender) 

WB3CEH p. 33. Feb 85 
Cathode key with the Heath HD-1410 (HN) 

K9XM. N9MX p. 80. Jan 82 
CW memory modification (HN) 

WaOLO p. 93. May 81 
Ham radio techniques 

W8SAl p. 106. Oct 84 
Keyer, simple, compact QRP (weekender) 

W5FG p. 82, Oct 84 
Keyer, single-chlp, for QRP (weekender) 

W3HVK p. 70. Oct 82 
Latching relay control (HN) 

K6HTM p. 94, May 83 
Low-power keyer and interface 

K l  HOP p 68. Feb 83 
Short clrcult p. 97. Aug 83 

Microcomputer-based contesl keyer 
K9CW p. 36, Jan 81 

Microprocessor repeater controller 
KB5F p. 56, Apr 83 

Micros and VHF beacons 
transmit messages automatically 
K9EI p 51, Jut= 

Morse Code tutor 
N3SE p. 45, Jun 85 

Morse keyboard, an easier approach 
to mastering the 
WIKZ p. 80. Apr 84 

Morse time synthesis 
N3SE p 17. Apr 83 

Remote control hi operation 
K5QY p. 32, Apr 83 
Short circuit p. 97, Aug 83 

Sending CW 
KA4QVK p. 75, Jun 83 

Solid-state CW T-R system 
W4RNL p. 62. Mar 83 

Ten-Tec 645 ultramatlc keyer mods (HN) 
K4JST D. 70. Dec 82 

Testing baluns 
K4KJ p. 30, Aug 83 

WPM readout for deluxe memory keyer (weekender) 
WAlOEH p 50, Apr 82 

measurements and 
test equipment 
Battery charger sensor 

W3BYM p 54. Dec 82 
BC221, unusual (Tech. forum) 

VKPZH p. 22. Jan 83 
Bridge measurements, the half-wave 

transm~siion line in (HN) 
K4KI p. 108, Nov 84 

Capacitne-reactance meter multiplier (HN) 
K4KI p. 89, Apr 83 

Continuity tester, simple (weekender) 
WD6GMB p. 130, Sep 85 

Detailed look at probes 
Martin, and Davis p. 75, Sep 85 

Detector, logarithmic, wideband 
PABCXIDJSA p. 75, Jul 85 

Diode tester (HN) 
WPOLU p. 90, Apr 83 

Dip meters, a new look at 
W6GXN p. 25, Aug 81 

Dual wanmeter, 513-500 MHz (weekender) 
WB4EHS p. 67. Jul 85 

Electrical calibration standards 
Martin. Vaughn p. 10, Oct 83 

EMEIRFI shielding: new techniques part 1 
Marlin, Vaughn D. p. 72. Jan 84 

EMIIRFI shielding: new techniques part 2 
Martin, Vaughn D. p. 85. Feb 84 

Field-strength meter for the high-frequency Amateur 
bands 
WBGAFT p. 42, Jul 81 

Field strength meter, sensitive 
K4KI p. 51, Jan 85 

Filter tester, simple (HN) 
W8XM p. 116, Dec 84 

Frequency counter. "smart" 
WA5VQK p. 41, Oct 84 
Short circuit p. 126, Apr 85 

Ground rod resistance 
K4MT p. 95. Jul 84 
Comments p. 8. Sep 84 

High-frequency receiver performance 
G40BU p. 33. Feb 84 

HP-I0 greatly simplified 
Martin, Vaughn D. p. 85. Mar 84 

IF sweep generator, compact 
PABCXIDJWA p. 35, Jun 85 

Impedance matching (Tech. forum) 
WB2NTQ p. 85, Jul 83 

Inductance meter, easy-to-build 
WGXM p. 76, Apr 82 
Comments, WB2LAO p. 8. Sep 82 
Short circuit p. 79, Oct 82 

K4EEU frequency standard, battery backup for (HN) 
N4BA p. 68, Jul 81 

L and C measurements 
WB6ZLN p. 117. Oct 84 

Light-bulb dummy loads (HN) 
W6HPH p. 74, Oct 81 

Logic mate 
NSCZK p. 57. Jan 83 

Logic probe (HN) 
Rozenthal, J. p. 91. Apr 83 
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Logic probe, digital 
N6UE p. 38. Aug 80 

Measuring inductances (Tech. forum) 
K6HlK p. 85, Jul 63 

Measuring noise figure 
K2BLA p. 26. Jan 84 

Measuring small values (Tech. forum) 
W6SDM p. 74, Aug 83 

Microphone calibration 
NY6U p. 73. Jun 84 

Noise bridge, precision 
K2BT p. 51, Mar 63 
Comments p. 8, Jun 83 
Short circuit p. 97, Aug 83 

Noise-figure meter, automatic, for preamplifiers and 
converters 
K9IMM p. 12. Feb 61 

Ohmmeter, wide-range 
Bailey. John T. p. 53. Jan 84 

Panoramic adaptorlspectrum analyzer design notes 
WA6NCW1 p. 12. Sep 83 
Comments. K2CBY p. 12, Sep 83 
Short circuit p. 70. Oct 63 

PEP output power measurement 
VK3AFQ p. 10. Jun 83 
Comments. K4KYV p. 12, Sep 83 

Practically speaking 
K4lPV p. 79, Dec 85 

QRP wattmeter (HN) 
W6XM p. 110. Jul 84 

Receiver sweep alignment system 
WB6BIH p. 124. Nov 64 

Reflected power limiter (weekender) 
K4KI p. 63. Jul 84 

Required dynamic range and design guides 
tor EMI/RFI test receivers 
DJ2LR p. 70, Nov 83 

Rf power meter, part 1: instrument description and 
construction 
N6YC p. 70. May 61 

Rf power meter, part 2: measurements and 
measurement accessories 
N6YC p. 55. Jun 81 
Comments W3NQN p. 6, Oct 81 

Solid-state replacements (Tech, forum) 
AK7N p. 46. Apr 83 

Standing wave indicator (Tech. forum) 
GWBFKB p. 97, Nov 83 

Sweep generator, stable w~deband 
W7BAR p. 16, Jun 81 
Short circuit D. 84, Nov 81 

Swr meter for the high-frequency bands 
WB6AFT p. 62, Oct 61 
Comments, WA4UPN, WBGAFT p. 36. Mar 82 

The Guerri report: signal processing 
W6MGI p. 156. Dec 84 

Time and frequency standards: part 1 
Martin. Vaughn D. p. 36. Nov 83 

Time and frequency standards: part 2 
Martin, Vaughn D. p 31, Dec 83 

Transmitter tuning aid: buffer your 
load with this resistive network (weekender) 
K4KI p. 52. Feb 84 

Tuneup method, low duty-cycle 
lor transmitters (HN) 
K4KI p. 62. Aug 83 
Comments, W5XW p. 11. Dec 63 
Comments. K4KI p. 11. Jan 84 

Tuneup, safe, silent (weekender) 
K4KI p. 123, Dec 84 

Two-tone generator 
NlRM p. 32, Jun 82 

Two-tone signal generator (HN) 
K4KI p. 77, Sep 82 

Using the Astro 103 as a frequency counter (HN) 
W4ATE p. 69, Jun 83 

VHFIUHF world 
WIJR p. 55, Oct 84 

Video monitor, lnexpenslve 
K8CG p. 12, Apr 83 
Comments, K9TA p. 10, Aug 83 

Weather radar, IO-GHz 
K 4 W J  p. 61. Sep 83 

Wide range inductance meter (Tech. forum) 
K9EBA p. 52, Feb 83 

W i n  Br~dge oscillators, voltage-controlled 
Zener diode test circuit (Tech. forum) 

W3PHK p. 52. Feb 83 

microprocessors, 
computers and 
calculators 

Calculator or computer - which to buy? 
W4MB p. 86. Nov 62 

Computer rfi (letter) 
KA5HJI p. 6. Jun 61 

Data retrieval program using the APPLE II computer 
(HN) 
WB6YHS p. 75. Oct 81 

Frequency counters. CMOS timlng circuit for (HN) 
Bevel. David H. p. 72. Jul 82 

Ham gear controller: part 1 
N X A  p. 12. Oct 82 

Ham gear controller: part 2 
N X  A p. 25. Nov 82 

Microcomputer-based contest keyer 
KSCW p. 36, Jan 61 

Microprocessor repeater controller 
KB5F p. 56, Apr 83 

miscellaneous 
technical 
Ac-line switching precautions (HN) 

W5PGG p. 69. Jul 81 
ALC circuits, improving amplifier part 1 

WABAJN p. 40, Aug 84 
ALC circuits, ~mproving amplifier part 2 

WABAJN p. 38. Sep &i 
Amplifier for 220 MHz, stripline kilowatt 

W2GN p. 12. Apr 82 
Analog-todig~tal display converter for the visually 

handicapped 
KB7JW p. 44, Jan 81 

"Audio to microwave" amplifier. 
build your own 
Gruchalla. Michael p. 12, Mar 84 

Bicyclepowered station 
W l  BG p. 25, Dec 84 

Branch-line hybrid part 1 
WA2EWT p. 107. Apr 84 

Branch-line hybrid: part 2 
WA2EWT p. 93, May 84 

CATV1 (letter) 
WB4NMA p. 10. Aug 83 

Computer for the blind (HN) 
W6MQW p. 69. Jun 82 

CW identifier, versatile, an improved memory for 
WB2BWJ p. 24, Feb 82 

CW station, updating (HN) 
KM5T p. 77. Oct 82 

Data bandwidths compared 
W9JD12 p. 50, Dec 82 
Comments, WWTH p. 8. Jun 83 

Decibel, defining the 
Gruchalla. M. p. 51, Feb 65 

Electrolytic capacitors (letter) 
WBBMKU p. 6, Jun 81 

Electromagnetic interference 
and the digital era 
K3PUR p. I 14. Sep 84 

EMllRFl sh~elding: new techn~ques part 1 
Martin, Vaughn D. p. 72, Jan 84 

EMllRFl shielding: new techn~ques part 2 
Martin. Vaughn D. p. 84. Feb 84 

Filters (letter) 
W6XM p. 8, Feb 83 
Comments. W3NQW p. 8, Apr 83 

Filters, bridged 
W6MUR p. 51. Oct 82 

Filter design, graphic 
W6NRW p. 37. Apr 84 
Short circuit p. 13. Jul 84 

Ham radio techniques: radio-frequency interference 
W6SAI p. 34, NOv 81 

Ham radio techniques: radlo-frequency Interference 
W8SAI p. 30, Dec 81 

Ham radio techniques 
W6SAI p. 63. May 84 

Ham radio techniques, fitly years ago 
W6SAI p. 58. Jun 84 

Ham radio techniques 
W6SAl p. 106. OCt 64 

Ham radio techniques 
W6SAI p. 75, Jan 85 

Ham radio techniques 
W6SAI p. 59, Feb 85 

Ham radio techniaues 
W6SAI p 83. Mar 65 

Ham radio techniques- electron-hole theoly 
exposed as fraud 
W6SAI p. 67, Apr 85 

Ham radlo techniques 
WGSAI p. 66, May 85 

Ham radio techniques 
W6SAI D. 51. Jun 85 

An RS-232 to l T L  interface  am radio techniques 
WD4KGI p. 70. Nov 82 W6SAI 

Ham radio techniques 
W6SAI p. 90. Aug 85 

Ham radio techniques: I have seen 
the future and it works 
W6SAI p. 91. Sep 65 

Ham radio techniques 
W6SAI p. 75, Oct 85 

Hem radio techniques 
W6SAI p. 67, Nov 85 

Harmonic product detector for QRP transceivers 
W5FG p. 44, Jun 63 

Hyperbolic navigation (letter) 
Burhans, Ralph W. p. 6. Feb 81 

Impedance matching: a brief review 
WD4C p. 49, Jun 84 

Instant balun (letter) 
W6MQW p. 6, Aug 61 

KWM 380 external control circuit (HN) 
WA2RUD p. 96. Dec 63 

Linear amplifier. 3CXBOOA7 
KBRA p. 17. A u ~  84 

Low cost linear design and construction 
W4MB p. 12. Dec 82 

Low-pass filter, integrated circuit 
WB2KTG p. 59, Jan 85 

Multiplexing, the how and why of 
KH6N p. 60. Sep 81 

Mysterious spur on 160 (Tech. forum) 
N3BEK p. 73. May 63 
Comments, KWL, N3BEJ p. 95. Nov 83 

Neutralizing 5728 final at 1500 watts output (HN) 
W2YW p. 63, Jun 64 

Noise cancellation clrcuit (weekender) 
K l  RGO p. 75, Mar 84 

Operation upgrade: part 1 
W6BNB p. 12, Sep 81 

Operation upgrade: part 2 
W6BNB p. 28, Oct 81 

Peaked towpass: a look at 
the ultraspherical filter 
W7ZOI p. 96. Jun 64 

Phase modulator. PLL (HN) 
VE3FHM p. 117, Jun 65 

Photovoltaic cells: a progress report 
WD6AHO p. 52. Dec 83 
Comments, KGKVX, Sample 
Martin, WDBAHO. WB4APT p. 10, Feb 64 

Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55. Dec 64 

Power FETs: trend for VHF amplifiers 
Peters, Daniel, and W7PUA p. 12, Jan 84 

Practically speaking: repairing flood damage 
K41PV p. 95, Oct 85 

Practically speaking: intermittents, pt. 1 
K41PV p. 75. Nov 85 

Practically speaking: intermittents, pt. 2 
K4IPV p. 79. Dec 65 

Prerecorded messages help the 
hearing impaired (HN) 
W2QLI p. 67, Sep 84 

Relay, inexpensive automatic sendlrece~ve 
WWBV p. 40, May 62 

Resonant clrcuits 
WD4C p. 12, Apr 64 

Rf power distributor, the 
W3BYM p. 46. Dec 61 

Rfi cures: avoiding side effects 
WB9TQG p. 52. Ssp 81 
Comments WBTSYB, WB9TOG. 
VE200 p. 6. Dec 61 

RFI, solving the problems of 
W2YW p. 124, Sep 84 

Russian Woodpecker, the. 
a continuing nuisance 
KR7L p. 37. Nov 84 

Solar power for your ham station 
NH6N p. 14. Dec 84 
Short circuit p. 145, Mar 85 

Sorting and inventory of standard resistor values. 
computer program for 
WA6SWR p. 66. Jun 81 

Super beep circuit for repeaters 
KP4AQI p. 48, Jul 81 

The Guerri report - computer technology 
W6MGI p. 54. Nov 84 
Short circuit p. 8. Dec 84 

The Guerri report 
W6MGI p. 124. Jan 65 

The Guerri report: superchips come of age 
W6MGI p. 126, Feb 

The Guerri report 
W6MGI p. 158, Mar 

The Guerri report 
W6MGI p. 157. Apr 

The Guerri report: a busy signal from space 
W6MGI D. 165. Mav 

The Guerri report - predicting equipment failure 
. 

p. 59. Jul 85 W6MGI p. 125. Jun 85 
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New rigs and old favorites, plus the best essential acc 
3621 I ;.:'.'<IN :;I OUANTITY DISCOUNTS 

CALL FOR ORDERS 
1-713-570 7300 OR 

w I ,  , .,.rood ~ 1 . 1 : - , : 1 , . :  Cast three ot your tr~ends and 
ortrvr Mdaisona s;,sct<. tot prlces For example 

ICOM IC3200 51820 00 
Call tor tour lot prlces onother rlgs 

ALL ITEMS ARE GUARANTEED OR SALES PRICE 
NrFUNUED 

EQUIPMENT 
ti,.!lwootl Call tor prlces on all Kenwood 
Nrw Kantrontcs UTU-XT 319 00 

AIpha$TTO) L ~ s t  15% 
l rnrn7 i lA 77A Call 

I 

lh.qency UC102 VHF? Channel Hand, Talkte 150 00 
Icom IC 735 749 00 77 

ANTENNAS 
AHX?H V2S 2MCV.5 ISOPOLE 44 95 
A.t 
4U7CD 
her* Cdwr !all .AC.3 I .  in111 04 
A*!ester 
? l 5 k i l  he* t5 t .  2Mr3+am 
AOI' I C7rnota'c O5c.l' .Antenna 
~ , ' t ~ . , n ~ ,  fin 111 vp.1 CJ 
1.1 :v 808  40 V P ~ '  ca 
M. lH  

ACCESSORIES 

Husller G7 144 11995 
Ham4 rota to^ T2X CD45.2 Call 
KLM HF Wofld Class Srrles 
Antennas Call Do!! 

ItnW Vu~w~, l .~~ Anlcnna Tuner 
1 lh . i  til;.i I I(;4 HC!, OTHER ANTENNAS 

tIt.11 RM I I1 Brmrn Mlke headset s3 gs i.ar:.r,n Kuiiiuch 1700 

(:\I P!~vatl> Patch Ill 469 9:, Avant8 APl5 l  3G on G l , ~ s  Antenna 33 00 

I I CJKF r r  ;+UIO : : N I ~ I I I , ~  CIKJ~I,~I 
A n l ~ c n  2M 5 8 Mag Mount Como 25 00 

r!l~lll~lnelPl 
00 Avant8 APR450-5G on 01;lss 3000 

Iltrrt 4 3  WaltnretPr Ci,ll Phillv Stran Call 

KEYS 
l ~ ~ ~ ~ ~ c t ~ r r  8 V ~ b r o ~ r l ~ x  Less 10% 
lit*nc:h<*r 1s (now ~u?ryjlovrd Screws 8 Sllrln(ts dl1 
';1,,1,1Ic!:s SIPPI 
I *Ira h.$rld I lol !st l~r lq~ 
V~t)rok,l<.r C'.mrv~nq Case $70 00 w purchase 
MrJ  S~rlle! krvboatd #496 16'1nn 

TUBES 
~ ' , ~ 1 1 ~ ~ ~ ~ 8 D ~ i r h ~  Replarern~nl T U ~ P S  stock 
(;I Ct~lli l3 1 1  95 
I tunitc .i i d 0 2  109 95 
i;! Irrdust11,11 Tubes Call 
G t~  IX4Y7A 6 00 
( i i  RJS6C 11 95 

BOOKS 
WP ~ I I I C ~  SAMS TAB ARRL RSGB Ameco 
li.tdbn Polls Call 
Someol I r e  besl buys are Ihe RSGQ books 

- - 

CALRAD 65 287 SWR Reldtlve Power Mrter 32 95 
3 150Mh: KW 

- - 

PACKET POWER 
Al A f'htd dot,, RTTY 4SCll AMTOR also 199 00 
Al A PKRO s w n  
KANTROkICS PACKET 19900 
I( i l M  2 ' 1  2 [;feat packet radlo Call 

SERVICES 
r \  unnlixnt anv late lnodel rjp 50 00 
t 1.11 IPP C~llhns rebuild Call 

Model33 35 Teletyoe to0 OO'Eacn 
Local Plckup Onlv 
?.I Pin Soldertdle dip sockels 2YEach 
Srqnal B.llterres Exacl tMt~~lacemenl 
Y.lesu 70H 207 25 00 Each 
Solld Slate BG6A Replacemenls I 5  00 Each 
Scrca~nrl Demo!) Rad 11 Detector 29 95 
150MFU 400V UL 195 
I 5Amp 400V lull wave brldge rectllier 1 95 
2 5A tOOoPlV Epoxy d10.1~ 29c Each or 

1900 100 
0015 tOKV 1 95 
3N701 95 
4 Inch ferrlle rod 1 95 
365pF cap 1 95 
Sanyo AAA AA hicads M tabs 2 50 ea 
2 4 5 6 8 pjn rn~c DUO+ 4 00 
Closeout on r8qs 8 accessories All the Itme Call 
We may have whal you re look~ng tor 

BELDEN 
9313 ow ICSS solld center lollibraid shteld 4% I t  
8214 RG8Foam 43c I t  
8237 RG8 37c I t  
8267 RG213 52c'lt 
13000 14Ga stranded cnpoer ant wtre t3c'tl 
ti448 8 conductor rotor cable 3 1 ~ ~ 1 1  
8405 Heavy d ~ t y  2-16 Gn 6-18 Ga 52cllt 
9.158 RGBx 19c!lt 
H403 Mlc Cable 3 condr:'r 8 sh~eld 80c'll 
100 Feet 821 4 w ends installed 45 00 
8669 7 1 6  tlnned cooper brald 1 10'11 
Inlernal~onal W~re RG714 non-mil. g w d  
cable 70111 

:essories for the amateur. 
AMPHENOL 
,; ':J' I . . ',9 S~lverplale 
LJG1 rb rwrucer HG8X 
831J Double Female UHF 
82-61 N Male 
82-97 N Fernale Bulkhead 
82.63 Inlne Female N 4 00 
82-98 N elbow 9 00 
New 82-202-1006 N.Mate 111s 991 3 5 0 0  
1 : 4  E H S Guv cable Rohn US 
I00011 250 00 
3116 E H S cable 210 00 
114"Guy Cable. 6100 #7 x 7  strand, impon 15c.ll 
3i16"GuyCable. 3700 67 x 7strand. Import 12cIt 
3% x 6 EBJ Turnbuckle 7 95 
3'16" Wlre RopeCl~ps 40 
1 4"nrlre c l~ps 50 
Porcela~n 500D Guy lnsulalor (3116) 1 69 
Porcelatn 502 Guy lrisulators (1141 2 99 

COMPUTER STUFF 
Kafilrontcs UTU-XT 319 00 
Fsts any computer (even yours') Sottware 
Available 1900 
Morse Un~verslly (Great CW Ilrogram 
lor C.W) 39 00 
AEA New VHF 1200 C0mtng 

USED EQUIPMMENT 
All equlprnerrt used, clean wjth 90 day warranty and 
30 day 1r4a S(x months lull trade agaansl new WUIP 
men1 Sales prlce retunded 11 not sattslted 

POLICIES 
Mirltmurn order $10 00 Mastercharge. VISA, or 
C 0 D All prlces FOB Houslon except as nored 
Prlces SubleCt to change wllhout notlce Items sub- 
ject to prtor sale Call anyl~me to check the slatus of 
your order Texas res8dents add sales lax Dats all 
IOlks 

DON'S CORNER 
Flrsl 01 all The wlnner 01 our l~rst Proolread!ng Con- 
lesl IS Bob Retnhart. KlKK Bob will be recelvlnq our 
CALRAD SWR rnetpr prepaid and lree It you d ~ d n  t 
wtn twk  a! th~s ad Th~s IS an oqgolng contesl Send 
us a card F~rst card wllh mosl correct errors noled 
wtns 

If you're a collector o l  old equlpmenl. call us on 
your money, and we'll !ell you i t  the prlces you're 
paylng IS lair Best new eleclronlc notallon a sup- 
posedly old-tune hanl whocame tnlolhe slore with h ~ s  
parts ltst At the lop 01 his llsl was a peek-a-ferret 
capacilor We lold h ~ m  we dldn'l sell Small anlmals-- 
even surplus ones A l s o  we've been hav~ng some 
problems wllh !he new address and get mall ad- 
dressed lo Phantom Avenue 11's F-A-N.N.1-N 

Havea great Chrlstmasl~omeveryoneal Madlson 
Hope that Sanla brlnqs you a real ntce Iransclever- 
and buys 11 from us 

73 8 Good DX 
DON 



The Guerri report 
W6MGI p. 124. Jul 85 

The Guerri report 
W6MGI p. 124, AUg 65 

The Guerri report. RF power supplies 
achieve high efficiency 
W6MGI p. 157, Sep 65 

The Guerri report: RF effects - the good and the bad 
W6MGl p. 142, Oct 65 

The Guerri report 
W6MGI p. 140, Nov 85 

Timer, electronic (HN) 
W9EBT p 65. Mar 82 

Varactor tunlng tlps (HN) 
N3GN p. 67, Feb 81 

VHFIUHF world: the VHFIUHF prlmer 
an introduction to filters 
WlJR p. 11 2, Aug 84 

VMOS on 1750 meters 
K l  AGO p. 71. Oct 83 

Wilkinson hybrids 
WA2EWT p. 12. Jan 82 

novice reading 
Morse code comouter tutor 

N3SE 
New band privrleges for Novice operators 

KAWOE 
Novice playground (letter) 

WA5MUF 
Novice privileges (letter) 

WB91VR 
Novice roundup (letter) 

KA9A2Y 
Operation upgrade: part 1 

W6BNB 
Operalion upgrade: part 2 

W6BNB 
Practically speaking 

K4IPV 
Used equipment for new hams (letter) 

KBYUW 

p. 45. Jun 85 
, (letter) 

p. 15. Sep 85 

p. 6, Jan 82 

p. 9, Oct 85 

p 8, Jun 81 

p. 12, Sep 81 

p. 28. OCt 81 

p. 79. Dec 85 

p. 15. Sep 65 

operating 
Amateur radlo. 1933 (ham radio technlques) 

W6SAI p. 41. Jun 81 
Amateur radio. 1941 (ham radio techniques) 

W6SAI p. 30. Aug 61 
Battlefield, the (letter) 

W W L  p. 8, Jun 63 
Best best regards regards (letter) 

W6BQD p. 8. Jan 82 
Comments, N4AGS P, 8. Apr 82 
Comments, KA6NFD p. 8. May 82 
Comments, KA2AGZ p. 8, Sep 82 

Blind ham (letter) 
Gerrey, Bill p. 8, Sep 82 

Burglar alarm RFI (letter) 
WB2YVY p. 8. Mar 82 

Card from Frenchy (letter) 
WPLPV p. 8. Apr 82 

Carrier-operated CW reception limiter 
W6NRW p. 113, Sep 85 

CAN1 (letter) 
WB4NMA p. 10. Aug 83 

County awards (letter) 
KB7SB p. 8, Jul 81 

CW anyone? 
W7JWJ p. 44. Mar 81 

CW nets (letter) 
N4EVS p. 8, Jun 82 

CW zerebeat indicator for transceivers (weekender) 
W6KVD p. 88. Mar 83 

DX and QRP (letter) 
W6QJI p 8. Oct 82 

DXer's diary 
W9KNI p. 18, Mar 81 

DXer's diary 
W9KNI p. 26. Apr 81 
Comments p. 6, Sep 81 

DXer's diary 
W9KNI p. 22. Jun 81 

DX Forecaster 
KWYW p. 76, Nov 81 

DX Forecaster 
KWYW p. 78. Dec 81 

EME. 7WM,  requirements and recommendations 
WIJR p. 12. Jun 82 
Short circuit p. 79, Oct 82 

Ham redio techniques 
W6SAI p. 53. Jan 82 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio technlques: the crystal ball 
W6SAI 

Ham rad~o techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radlo lechnlques 
W6SAI 

Ham radio lechniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radlo technlques 
W6SAI . 

Ham radlo technrques 
W6SAI 

Ham rad~o techn~ques 
W6SAI 

Ham rad~o technlques 
W6SAI 

Ham rad~o technlques 
WGSAI 

Hamventron sl~de show (letter) 
N6ADA 

Homebrew lrnears treat or trap? (HN) 
VK4LR 

IC-255A swltchlng clrcurt (HN) 
WBGIQV 
Comments WA4MZZ 

Intruder watch (letter) 
ZL61WIZL1 BAD 

1s 11 stolen7 
W6AP 

Llfellne SAR (letter) 
WB9PFZ 

Llstenrng tn on 10 fm 
W8FX 

Myster~ous spur on 160 (Tech forum) 
N30EK 

No-code license (letters) 
WB4SKP W9ZMR, W2LX 
W2JTP. W1BL. K4JW 

No code (letter) 
W6SN 

On acr tune up (letter) 
K3EO 

Operating etiquette (letter) 
W9MKV 

Operation upgrade: part 3 
W6BNB 

Operat~on upgrade: part 4 
W6BNB 

Operation upgrade: part 5 
W6BNB 

Operat~on upgrade- paR 6 
W6BNB 

Operation upgrade: part 7 
W6BNB 

Operation upgrade: part 8 
W6BNB 

Operation upgrade, part 9 
W6BNB 

Operation upgrade: part 10 
W60N0 

Operation upgrade: part 11 
W6BNB 

Other guy (letter) 
KA2GXS 

Pacemakers and rfi (Tech forum) 
K4CN 
Comments. KlRGO 
Comments. K4CN 

Pacemakers and RFI: safety flrst (Tech 
KJEAS, K3FOW 

Propagation of radio waves 
WlGV14 

Protecting amateur radio (lettor) 
K2JIY 

QRP (letter) 
W50JM 

Repeater etiquette (letter) 
WIOLP 

RST (letter) 
WWCK 

Service - not hobby (letter) 
W5VSR 

Ten-meter band (ham radio technlques) 
W6SAI 

Ten-meter beacon (Tech forum) 
WAllOB 

p. 60, Feb 82 

p. 26, Mar 82 

p 26. Apr 82 

p. 66. May 82 

p 76. Jun 82 

p. 42. Jul 82 

p 42. Aug 82 

p. 40. Sep 62 

p. 20, Oct 82 

p 46. Nov 82 

p 58. Dec 82 

p. 66, Jan 83 

p. 65, Nov 63 

p. 81. Dec 83 

p. 56. Sep 84 

p. 8. Jan 82 

p. 77. Nov 82 

p 70. Jan 83 
p. 8. Jun 83 

p. 6, Aug 61 

p. 84. Dec 82 

p. 8. Apr 82 

p 62. Jan 82 

p 73, May 83 

p. 8, Jan 83 

p. 10, Aug 83 

p. 36. Mar 82 

p. 12. Jul 84 

p. 30, Jan 82 

p 32. Feb 82 

p. 56. Mar 82 

p. 56, Apr 82 

p 54. Jun 82 

p 56. Jul 82 

p. 58. Sep 62 

p. 60. Oct 82 

p 58. Nov 82 

p. 8, May 82 

p. 98, Jun 83 
p. 76. Oct 83 
p 77, Oct 83 

forum) 
p. 76. Oct 83 

p 26. AUg 82 

p. 8. Jul 81 

p 6, Nov 62 

p 8. Oct 83 

p. 6. Feb 81 

p. 8. Aug. 85 

p. 38, Apr 81 

p. 46. Apr 83 

Ten-meter beacons (letter) 
KAlYE p. 13, Sep 83 
Comments. KAIYE p. 11. Jan 84 

Ten-second call swaps (letter) 
WBlFJE p. 6. Aug 81 

TOM remembered (letter) 
WlESN p. 11, Jan 84 

Transceiver tunlng (letter) 
N6TO p 8. Jun 82 

Tune-up method, low duty-cycle for transmitters (HN) 
K4KI p. 62. Aug 63 
Comments. W5XW p. 11. Dec 83 
Comments, K4KI p. 11. Jan 84 

Volunteer examrners keep standards h~gh (letter) 
K6WX p. 12, May 84 

Wearing cans (letter) 
WB9FRV p 8, Jul 81 

Who pays the jammer (letter) 
W3MEO p. 8, Oct 82 

Working W5LFL lrom space 
K6DUE p. 81. Sep 83 

2 meters outlawed (letter) 
AA6C p. 8. Aug 82 

160-meter band (ham radio techniques) 
W6SAI p. 46. May 81 

oscillators 
Audio oscillator to pulse 

generator conversron (HN) 
WBDLQ p. 50, Oct 84 

Crystal oscillator, low-frequency (HN) 
W6XM p. 66. Mar 82 
Short circuit p. 79, Oct 82 

CW BFO crystal for the 75S3 (HN) 
NIFB p. 80, Feb 82 

Frequency synthesis by 
VXO harmonic selection 
W3MT p. 12. Feb 84 

High-stability BFO for receiver applications 
K lWH p. 28. Jun 85 

Local oscillators, high stability for 
microwave receivers and other applications 
WB3JZO p. 29. Nov 85 

Oscillator, voltage controlled, 
uses ceramic resonators 
K2BLA p. 18, Jun 85 
Short Circuit p. 27, Aug 65 

Phantom-coil VXO 
W3MT p. 66. Jan 62 
Comments, W3MT p. 8, Jul 82 

PL tone generator, a programmable 
WBWSZ p. 51. Apr 84 
Short circuit p. 125, May 84 

RF synthesizers for hf communications, part 1 
WA6OAA p. 12, Aug 83 
Short circuit p. 125, May 84 

RF synthesizers for hf communications, part 2 
WA6OAA p. 48, Sep 83 
Short circuit p. 125. May 134 

RF synthesizers for hf communications, part 3 
WA6OAA p. 17. Oct 83 
Short circuit p. 125, May 84 

VCO. 1800-2600 MHz 
WBDN p. 21, Jul 85 

VFOs tuned by cylinder and disc 
WdYBF p. 58. Feb 63 

Wideband VCO design 
WA4MGX p. 49, Jul 84 

10 GHz oscillator, ultra stable 
K8UR p. 57. Jun 83 

power supplies 
AC converter. DC to 400-Hz (HN) 

WB2YVY p. 56, Mar 83 
Battery charger. NiCad, constant current, a pulsed 

K2MWU p. 67. Aug 85 
Diesel generator repair (Tech. forum) 

Richardson, Wayne p. 46. Apr 83 
Drake R-4C receiver improved power supply 

W3RJ p. 28. Feb 82 
Dual voltage power supply 

WD4SKH p. 32. Mar 83 
Comments, WB2UAQ p. 12. Jul 83 
Short circuit p. 80. Jul 83 

Dual voltage surge-protection for high-voltage power 
supplies (weekender) 
KBVIR p. 42, Aug 81 

Electrolytic capacitors (letter) 
WBBMKU p. 6. Jun 81 

Forget memory (Ni-Cd discussion) 
KOOV p. 62. Jan 83 
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Low-voltage power supplies, designing 
W4MLE p. 46. Mar 85 
Short Circuit p. 121. May 85 

Power supply, amplifier 
WA2GFP p 32, Sep 83 

Power supply for the big amplifier 
W8YUY p. 64. Jun 82 

Power supply, six-output 
Martin, Vaughn D p 12, Oct84 

Power supply, switching hlgh-voltage 
W5FG p 48. Apr 84 

Protection for your solid-state devices 
W 1 OOP p. 52,  Mar 81 

Regulator problem solved (HN) 
W6XM p. 97, Dec 83 

Safe power lor your low-noise GaAs FET amplifier 
WA9HUV p. 18, Nov 82 

Squirrel-cage motors make field-day 
power supplies (HN) 
K6DZY p. 74, Aug 81 

Temperature control, automatic 
WB51RI p. 75. Jun 85 

The Guerri report: RF power supplies 
achieve high efficiency 
W6MGI p 157. Sep 85 

Transformers, wind your own - tnexpenslvely 
W4GDW p. 96. Jun 85 

Trans-global power supply (HN) 
WSCGI p 76, Nov 82 

Two-way power for the lC2AT 2-meter handheld 
WB3JJF p. 57. Feb 82 
Comments WB4MNW. WB3JJF p .  8, Jul 82 

Vacuum tube substitution 
W2YE p. 58, Oct 83 

propagation 
Dtgltal lonosondes 

K2RR 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecasler 

KORYW 
DX forecaster 

KORYW 
OX forecaster 

KORYW 
DX forecaster 

KORYW 
DX forecasler 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
OX forecaster 

KBRYW 
DX forecaster 

KORYW 
DX forecaster 

KORYW 
DX forecaster 

KMYW 
DX forecaster 

KWYW 
DX forecaster 

KmYW 
DX forecaster 

KBRYW 
DX forecaster 

KBRYW 
DX forecaster 

KWYW 
DX forecaster 

KWYW 
DX forecasler 

KBRYW 
OX forecaster 

KORYW 

p 14, Dec 83 

p. 76. Jan 81 

p. 92, Feb 81 

p 78. Mar 81 

p 52, Apr 81 

p. 76, May 81 

p. 52, Jun 81 

p. 56, Jul 81 

p. 46, Aug 81 

p. 48. Sep 81 

p. 46, Oct 81 

p. 76. Nov 81 

p. 78. Dec 81 

p. 74, Jan 82 

p. 74, Feb 82 

p. 82. Mar 82 

p 70. Apr 82 

p. 50. May 82 

p 42. Jun 82 

p 78. Jul 82 

p 80. Aug 82 

p. 82, Sep 82 

p. 82. Oct 82 

p. 84, Nov 82 

p. 80, Dec 82 

p. 74. Jan 83 

p. 56, Feb 83 

p. 84, Mar 83 

p. 94. Apr 83 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

OX forecaster 
KWYW 

DX forecaster 
KBRYW 

DX forecaster 
KORYW 

DX forecaster 
K0FfYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecasler 
KBRYW 

DX forecasler 
K0RYW 

DX forecaster 
KEUYW 

DX forecaster 
KBRYW 

DX forecaster 
KmYW 

DX forecaster 
KBRYW 

DX forecaster 
K0RYW 

DX lorecaster 
KBRYW 

DX forecasler 
KBRYW 

DX forecaster 
KmFiYW 
Short circuit 

DX forecasler 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
K0RYW 

DX forecaster 
KBRYW 

DX forecaster 
KBRYW 

DX forecaster 
KWYW 

Dxing by computer 
NS6N and Buchanan, Walter 

Grayline propagation, fundamentals of 
KR7L 

Moon coordinates, determining baslc 
W2WD 

Moon-tracking by computer 
K6WX 

New band propagation 
KK2XJM (W4MB) 

Radio astronomy and the search 
for extra terrestrial intelligence 
WB3JZO 

Radio signals, radiation of 
WlGVl4 

Russian Woodpecker, the. 
a continuing nuisance 
KR7L 

Solar outages, predicting 
VE7ABK 

VHF meteor scatter communications 
A17J 

VHFIUHF world: improving meteor 
Scatter communications 
WlJR 

VHFIUHF world: the VHFIUHF Primer. 
an introduction to propagation 
WlJR 

VHFIUHF world 
WlJR 

VHFIUHF World: propagation update 
WlJR 

VHFIUHF World 
WIJR 

p 74, May 83 

p. 65, Jun 83 

p 82, Jul 83 

p 66. Aug 83 

p 84, Sep 83 

p 87. Oct 83 

p 90, Nov 83 

p 92. Dec 83 

p 83, Jan 84 

p. 79. Feb 84 

p 93. Mar 84 

p. 93, Apr 84 

p 119. May 84 

p 109, Jun 84 

p 63. Aug 84 

p. 79, Sep 84 

p. 100. Oct 84 

p. 92, Nov 84 

p. 63, Dec 84 

p 94. Jan 85 

p. 75, Feb 85 
p 1 17. Jun 85 

p. 120, Mar 85 

p 84. Apr 85 

p 79. May 85 

p 102. Jun 85 

p 100. Jul 85 

p 100. Aug 85 

p 122. Sep 85 

p 105. Oct 85 

p 92. Nov 85 

p 81. Aug 84 

p. 77, Aug 84 

p. 38, Jan 85 

p. 38, Mar 84 

p. 12. Jan 83 

p. 10, Mar 85 

p. 26. Jun 82 

p. 37, Nov 84 

p. 75, Mar 85 

p. 69. Feb 84 

p. 82. Jun 84 

p. 14. Jul 84 

p. 45, Sep 84 

p 86. Jul 85 

p 85. Dec 85 

receivers and 
converters 
general 
Acttve mixers, perlormance capability' part 1 

DJ2LR p. 30, Mar 82 
Active mixers, performance capability: part 2 

DJ2LR p 38, Apr 82 
Automatic repeaterlrece~ver sensittvity (HN) 

VE7ABK p. 81. Jan 82 
Bragg-cell recelver 

WB3JZO p. 42. Feb 83 
Cascaded stages. IMD and intercept points of 

W3lMG p 28, Nov 84 
CB to 10-meter conversions, scanner 

W2FMY. KB2GA p. 98, Nov 85 
Communications receiver 

K2BLA p 12. Jul 82 
Compact 75-meter monoband transceiver 

KlBQT p 13. Nov 85 
Crystal ladder fllters, systematic design of 

N7WD p. 40, Feb 82 
CW filter, high performance 

W3NQN p. 18. Apr 81 
Comments W3NON p. 6, NOV 81 

Digital frequency readout uslng the Commodore 64 
W3NNL p 83, Nov 85 

External product detector improves 
recelver performance 
W6GB p 107. NOV 85 

High-stability BFO for receiver applications 
KIZJH p 28. Jun 85 

LF converter, f~xed-tuned 
KlRGO p 19. Jan 83 

Low-noise preamplifiers with good impedance match 
WlOOP p. 36. Nov 82 

Measuring receiver dynamic range: an addendum 
(HN) 
WB6CTW p 86. Apr 81 

Mixer frequencies, graph~cal select~on 
WPHVN p 41, Jun 85 

Noise discriminator, a pulsewidth 
W6NRW p .  23. Nov 84 

Panoramic adaptorlspectrum analyzer 
design notes 
WA6NCX11 p. 26. Feb 83 
Comments. K2CBY p 12. Sep 83 
Short circuit p 70, Oct 83 

Preamp at work. Qu~etl 
N6TX p. 14. Nov 84 

Receiver dynam~c range 
WUZO p. 77. Dec 82 

Receiver input temperature (letter) 
WAGJTD p. 13. Apr 85 

Receiver. 10 through 80-meter homebrew 
NlBFV p. 40. Nov 85 

Remote-site receivers and repealer operation 
K9EID p. 36, Jan 83 

Rotary dial and encoder for dig~tal tuning 
N3CA p. 30, Dec 82 

Spectrum analyzer, a handheld optical 
WA4WDL p. 23. Apr 84 

TS-930s headsel audio, increased undtstorted (HN) 
WGFR p. 128. OCt 85 

VHFIUHF world - high dynamic range receivers 
WlJR p. 97. Nov 84 
Short clrcult p 103, Jan 85 

high-frequency receivers 
Blanking the Woodpecker: part 1 

VKlDN p. 20. Jan 82 
Blanking the Woodpecker, part 2: 

a practical circuit 
VKl  DN p. 18. Feb 82 
Comments. NP4B p. 8, Jul 82 

Blanking the Woodpecker, paR 3: 
an audio blanker 
VKlDN p. 22. Mar 82 

CB to 10 frn transceiver conversion 
VE3FIT, VE3AQN p. 16. Feb 83 

Communications receivers for the year 2000, part 1: 
DJ2LR p 12. Nov 81 

Communications receivers for the year 2000, part 2. 
DJPLR p. 36, Dec 81 

Compact SSB receiver 
KlBQT p. 10, Nov 83 
Comments KABGPE p. 10, Mar 84 

Designing a modern receiver 
WB3JZO p. 23. Nov 83 
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1 
I Don't buy from Hamtronics . . . , 

m I 
Unless you want the best possible equipment = I 

I at the lowest possible price! ! ! I 
I. I 
I I 
I The "wheeler-dealer" is back and he's beating I 

everyone else's "deals." I 
I I - We all know there's no such thing as a free lunch . . . - 

so How Can We Do This? 
I 

I 

We don't run alot of ads featuring sale items I 

I I - We don't spend alot of money on full page ads I 

I We don't have sales on just the fastest selling - - - - products - - - - We don't short cut you on service. We are a factory - - warranty repair facility for everything we sell! - 
- - 
- We don't mail out free catalogs 
- We don't have a free WATS number. -. 
- - - You and every other Ham customer is paying for all - 
- these do-dads and sales gimicks. - - - - Hamtronics puts the savings into your pocket. - - - - Hamtronics guarantees to meet or beat any advertised - - price on every item we sell. 
I 

I 

I Hamtronics Has It All! 
I I 

I Let Hamtronks be your Ham Radio equipment dealer. I 
We're celebrating our 35th year in the Ham business 

I 
I at the same location. I 
I I 
I I 
I I 
I 
I 

: A D J V l S l O N  OF T R E V O S E  E L E C T R O N I C S  
I - 1 

1 4033 B R O W N S V I L L E  RD.,  T R E V O S E ,  PA 19047 1 
1 (215 )  3 5 7 - 1 4 0 0  I 

I TWO NEW ONES FROM ARCSOFT 
OUICK-N-EASY ELECTRONICS PROJECTS EASY-TO-BUILD ELECTRONICS PROJECTS 

name lust a few. Also Includes lhst ot mall order and 
local parts suupller suuuest~ons. 1st ed~t~on, , 1985 

by Bob Green 

40 more electronics prolects 
to work on1 Complete plans 
and schemahcs and easy to- 
locate parts means that you 
can usually complete mese 
projects In an evenlng Pro- 
lects Include Ad s~lencer. 
Mugger bugger, radlo-tester. 
luse telltale plus 36 more 
More practtce for me begln. 
ner and more lun tor me ad. 
vanced bullder 1st ed~t~on 
1985 96 pages 

AS-ET 
P l u m  m l o m  $3.50 k cnn 

Softbound $7.95 
tlllpplno md hndllns 

96 pages. I AS-ON 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy + /- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ 1/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM. and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARDLABS 
196.23 Jamalca Ave.. Hollls. N Y  11423 
Phone: (718) 468-2720 Mon. thru Thu. 

. lubm. 

=--ON hl-on-- - m d l O H . m r M m a c l t h .  

me Cammodore Ham r Cornpanton A lo(1 Dopepaper 
back w lae 10 utng your Commodore cr,mpuler ln Ihe 
tomhack Good mild Lnlormalbon m whrre 10 llnd 
rorrworeund hotmare lourelor CW R l T  AMTOR STV 
MCXHI propagothon predlo,on anlenno modeling 
wlellile l rnchn~  ahd much more Includes o I I  01 over 80 
~cr~rirrsot Commodore amolew mdlorotnrareand hard 
wore ondn bitli,Wmphy otuvarbCImogozmsanicler and 
~ P V I ~ W  ahl"! i i s i r lg  ' I~mmDdom rnachlnf~ in the 

Command Pal A 32 page repnnt ol Ihe popular 
Command Pcat iolumri lhol ~rtcludes Bar,= lonwoae pro 
Oram IhPlnor you con rype I" lor CW and lim'send orld 
1 e c e 1 ~  dupe checbny prwrom exchange on0 mow I! 

Commodore machlner lor cnntml operottons 

Commodore Homr ~ompamon $IS" 
Command Post $9" 
SPPCUL $19" lor bath boob when 
ordered lwethar 

MAKE CIRCUIT BOARDS 

WITH TEC-200 FILM 
JUST3 EASYSTEPS: 

C o p y  c l rcu i t  o n  T E C - 2 0 0  f i lm  using 
a n y  p l a i n  p a p e r  cop ie r  
Iron f i lm  o n  l o  c o p p e r  clad board 
P e e l  o f f  f i lm  a n d  e t c h  

SATISFACTION GUARANTEED 
convenient 8% x 11 sire 

5-Sheet Starter Pack $3.95 
10 sheets only $5.95 

and SM irorlncl? NI ies ado sales lax 

The MEADOWLAKE Corp. 
D e p t .  A, P.O. B o x  497 

Northport, N e w  York 11768 1s 



Digital HF radio: a sampl~ng of techniques 
KAZWEUIDJZLR p. 19. Apr 85 
Short circuit p. 121. May 85 

High-frequency receiver performance 
G40BU p. 33. Feb 84 

lmproved stability and dlal calibratton 
for the Heathklt HW-8 (HN) 
W3HVK p. 103, Nov 83 

Inexpensive CW filter (HN) 
WBlAFO p. 80, Jan 82 

Radio interference to shortwave recelvers (HN) 
W6XM p. 68. Jul 81 

Receiver sweep alignment system 
WB6BIH p. 124. Nov 84 

Shortwave converter, portable 
PY2PElC p. 64. Apr 81 

Shortwave recetver, ponaMe 
PY2PEtC p 67. Apr 84 

Slmple shortwave broadcast recelver (weekender) 
W6XM p 83. Nov 83 

Superhet collset, des~gn w~th 
a microcomputer 
Sterrenburg, F.A S. p. 113. Nov 84 

SW recelver, a double conversion portable 
PY2PElC p 48. Nov 84 

Transceivers, quasi-bilateral IF for 
KlZJH p. 75, Dec 84 

Two-band receiver, extend~ng the modular 
WA3TFS p. 57, Nov 84 

Two-band receiver, modular 
WA3TFS p 53. Jul83 
Comments WA3TFS p. 8. Sep 84 

Understandlng performance data of high-frequency 
recelvers 
K6FM p. 30. Nov 81 
Comments KL7HT, K6FM p 8. Aug 82 

Up-conversion receiver for the high-frequency bands. 
part t 
WZVJN p. 54. Nov 81 

Up-conversion receiver for the high-frequency bands: 
part 2 
WZVJN p. 20. Dec 81 

15-meter sideband transceiver 
WA4ZXF p 12. Mar 83 
Short c~rcuit p 80, Jul 83 

80-meter recelver for the experimenter 
W6XM p 24. Feb 81 
Comments p. 6, Jun 81 

vhf receivers 
and converters 
Communlcatlons recelvers for the year 2000 part 1 

DJZLR p 12. Nov 81 
Commun~catlons recelvers for the year 2000 part 2 

DJZLR p 36. Dec 81 
lnterestlng preampl~f~er lor 144 MHz (HN) 

WA2GFP p 50. Nov 81 
K9LHA 2 meter syntheslzer extending 

the range of (HN) 
K9LHA p 52, Dec 81 

Opt~cal fm recelver 
Poon and Pleper p 53. Nov 83 
Shorl clrcult p 85, Jan 84 
Comment. W6OAL p 13, Jun 84 

VHFIUHF world VHFIUHF recelvers 
WlJR p 42. Mar 84 

RTTY 
Baudot, a vote for (lelter) 

W6NRM 
CW and RTTY dig~tal audio filter 

WlOER 
New MSO for RTTY (letter) 

N2EO 
RTTY and ~ t a r i ~ ~  computer 

K5VUV 
Short circuit 

RTTY oscilloscope Input 
using line transformers (HN) 
W6XM 

RTTY tuning ~nd~cator, a free (HN) 
NlAW 

RlTY zero-beat Indicator (HN) 
W20Ll 

Run RTTY on your Timex 
NU4V 

Run RTTY on your VIC-20 
W5TRS 

Slow ASCII 
W3FVC 

p 8. Mar 82 

p 60, Aug 83 

p. 12, Jul 84 

p 36. Jul83 
p. 10, Feb 84 

p. 87. Sep 84 

p. 74, Oct 81 

p 78, Oct 83 

p. 110. Apr 85 

p. 120. Apr 85 

p 6, Jun 81 

SSB transmitters, FSK adapter for 
WA3PLC p. 12. JuI 81 
Comments NIAL. WA3PLC p 8. Mar 82 
Comments WBSDPZ, NIAL p 8, Oct 82 

T~mexISincla~r newsletter (letter) 
ADlB p 12. Jul 84 

TRS-80 color computer for RTTY 
WtOER p. 62. Jun 83 

VIC-20 printer (HN) 
W20LI p. 88. Sep 84 
Short circuil p 145. Mar 85 

satellites 
Demodulator. telemetry. PSK. for OSCAR 10 

G3RUH p. 50, Apr 85 
Elevation Indicator, inexpensive (weekender) 

W5JTL p 67, Jun 85 
First HT-to-HT QSO vla OSCAR 10 

WAZLOO p 32, Sep 84 
Geostat~onary satellite bearings with the Tl-58/59 

programmable calculator (HN) 
WA6BKC p. 87. Apr 81 

Geostationary satellites, locating 
W2TQK p. 66. Oct 81 
Comments Wt DHX p. 8, Jan 82 
Comments W2TI p. 8, Feb 82 
Short circu~ts p 89, Jan 82 

G O.E.S. reception: a slmple approach 
WA4WDL p 46. Jan 84 

Graphic azimuth and elevation calculator 
WBWGI p 25. Jan 83 

Locate orbit~ng satellites 
WmWW p 72, Sep 83 

Moon-tracking by computer 
K6WX p 38, Mar 84 

Satellite tracker, digitally-controlled 
KABOBL p. 102. Sep 85 

S~gnals from space, receiving 
K8UR p. 67. Nov 84 

Tracking satell~tes In elliptical orblts 
WA6VJR p 46, Mar 81 

Work OSCAR 10 with your HT 
WA2LOO p 29. Sep 84 

semiconductors 
Amplifiers, biasing Class-A bipolar transistor 

KO76 p. 32, Aug 82 
Cooling semiconductors part 1: 

design~ng and using heatsinks 
Martin. Vaughn D. p 33, Jul 84 

Cooling semiconductors part 2. 
blowers and fans 
Martin. Vaughn D p. 52. Aug 84 

GaAs FET performance and 
preampl~fier appllcatlon 
K8UR p. 38, Mar 83 
Comments, KCGW p. 12, Jul 83 

Solid-state replacements (Tech forum) 
AK7N p. 46. Apr 83 

Transistor biasing, back to basics 
WD4C p. 91. Dec 84 

single sideband 
Adlusting SSB amplifiers 

AG6K p. 33. Sep 85 
Better sounding SSB 

AG6K p. 58. Feb 84 
Comments W2OZH p 13. Jun 84 

Development of Amateur SSB. 
a brief history 
K4KJ p. 12, Sep 84 
Comments. AG4R p. 8, Dec 84 

Early single-sideband transmitter (ham radio 
technlques) 
W6SAI p. 30. Dec 81 

Ham radio technlques 
W6SAI p 106, Oct 84 

Linear amplifier, modular, for the high-frequency 
Amateur bands 
K8R A p. 12. Jan 81 
Comments KlTHP p 6. Mar 81 

L~near amplifier. HF solid-state kilowatt, mobile 
WA7SPR p. 67, Feb 85 

Weaver modulation, 2-meter transmitter 
NtCOX p 12, Jul 85 

software 
T158IT159 (HN) 

K3VGX 

television 

p. 65. Mar 82 

CRT character enhancer 
W9CGI p 66. Aug 82 

Medium-scan television 
W9NTP p. 54. Dec 81 

SSTV, applying microcomputers to 
G3ZCZ14X p 20. Jun 82 

transmitters and 
power amplifiers 

general 
Adjusting SSB amplifiers 

AG6K p. 33. Sep 85 
Amlfm converter for facsimile trans.nission, an 

SMGFJB p. 12. Dec 81 
Lowpass filters, elliptic, for translstor amplifiers 

W3NON p. 20, Jan 81 
MC1496, improved carier suppression (HN) 

K lWH p 78, Apr 85 
Short circuit p. 74, Jul 85 

RF switching, h~gh power with pin diodes 
KN8Z p. 82, Jan 85 

Singlaconversion transceivers, dig~tal frequency 
display for 
K6YHK p. 28. Mar 81 

VMOS on 1750 meters 
KlRGO p. 71, Oct 83 

&meter amplifier 
W2GN p. 72. Apr 83 
Short c~rcuit p 97, Aug 83 

40-meter transm~tter-receiver 
W6XM p 43. Dec 82 

5CX1500 screen protection (HN) 
VE3AlA p. 58, Mar 83 

high-f requency 
transmitters 
ALC circuits, an analysis of 

K4JW p. 19. Aug 81 
Amplifier. 3CXlEOOA7 10 to 80 meter 

K8RA p 75, Aug 85 
CB to 10 fm transceiver conversion 

VE3FIT. VE3AON p 16. Feb 83 
Compact 75-meter monoband transceiver 

KlBQT p. I 3. Nov 85 
Improved stability and dial calibration 

for the Heathkit HW-8 (HN) 
W3HVK p. 103. NOV 83 

Linear amplifier. HF, solid-state kilowatt, mobile 
WA7SPR p. 67. Feb 85 

Linear amplifier, modular, for the high-frequency 
Amateur bands 
K8R A p. 12, Jan 81 
Comments KtTHP p. 6. Mar 81 

Lowpass filters. elliptic, for translstor amplifiers 
WJNQN p 20. Jan 81 

Remote control hf operation 
K50Y p 32. Apr 83 
Short circuit p. 97. Aug 83 

Vacuum tube amplifier, design a 
toroidal tank circuit for 
W6YUY p 29, Aug 85 

15-meter sideband transceiver 
WA4ZXF p. 12. Mar 83 
Short circuit p. 80, Jul83 

vhf and uhf transmitters 
troubleshooting 
GLA-1000 ampl~fier, stop blowlng finals 

G4CFY. G3ROG p. 59. Aug 85 
NI problem, solving a diflicult (HN) 

W2YW p. 152, Sep 85 
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ASTRON - SALE! 

RS-7A 45 3"' RS-35A 123 ', 
RS-I2A 62 ' 5  RS-35M 138 O' 

RS.12M 78 e v S ~ . 3 5 M  156 sl 

RS-2OA 79 95 RS-5OA 179 9% 

RS.2OM 96 4) RS.5OM 203 '3 
VS-ZOM 114.95 VS-SOM 223-  

KLM 

2~16LBX,220-22LBX,432~3OLBX~90 
2M-14C.85 " 2M.22C.108 " 
435.18C-110' 435-40CX.144 ' 

KENPRO ROTORS 

KR4001KRSM . 125 "1154 *' 
KR-54WIKR-56W . 247 MI309 *' 

HENRY AMPS 

2 KD CLASSIC 965 
2002N2W4A Less Relay - 125011350 
3002N3004A Less Relay - 21W121W 

AMP SUPPLY 

LK-50020 
r 1 LK-BWA 

MIRAGE.FREE UPS BROWN O N  ALL 1 MIRAGE 

FOR THE BEST DEAL IN TOWN CALL THE BEST I NUMBER AROUND 1-800-HAM-1373 

I CUSHCRAFT AOP.1 OSCAR PAK-133'0 RING0 RANGER 11 (2-220-440)-33.*0 
KENWOOO TS.940SIAT - CALL US1 YAESU FT-757GX - C A L L  US! 
KENWOOO TR26OOA H.T. . CALL US1 YAESU FT-726R - CALL US! I 

KENWOOD YAESU - ~ A C T O R Y  AUTHORI~ED 

FACTORY AUTtiORlZED DEALER 
CALL US FOR AMERICA'S LOWEST 
PRICE ON ALL YOUR KENWOOD NEEDS 
(FREE UPS BROWNON KENWOOD GEAR) 

CUSHCRAFT 
2 1 5 ~ 0 .  73m A-3 2 W  
4218XL. 91 m A.4 267 
R.3 - 250 93 40-2CD 267 ' 5  

OTHER MODELS IN  STOCK - CALL 

- -  - 

DEALER CALL FOR THE BEST DEAL 
AROUND ON THE RADIO' FULL LINE 
(FREE UPS BROWN ON YAESU GEAR1 

MUTEK LTD. 
DO YOU OWN AN ICOM VHF XCUR? 
DOYOU WANT TO IMPROVE THE RECEIVER 
- TRY OUR MUTEK FRONT END BOARD. 
YOU'LL BE GLAD YOU DID1 
RPCB2111251 AD FRONT END 143 *% 

FOR ICOM 21 1 OR 251 
RPC8271 FRONT END FOR 168 " 
ICOM 771A OR 771H 

CUE DEE THE SWEEDISH BOOMER ~ ~ ~ ~ U 5 ~ ~ ~ ~ R  84 ., 
USED BY MANY TOP 'IO'CONTESTERS ~ ~ ~ ~ - 1 4 4 s  ~ M T R  PREAMP 81 95 

l44.15AN 2MTR15EL 75 *' lOOWRF SWITCHED N F r ldbGAlN 1Sdb 

PARABOLIC 
1296.28 IW TRANSVERTER 339 $5 

1269-144 3W UP CONV 319" 
1296 DUAL TUBE AMP CAVITY 439 95 

ZPORT POWER DIVIDERS 12.2204321 50 * 
4PORT POWER DIVIDERS (2.220 1321 55 " 
1296 ZPORT DIVIDER 57 " 
1296 4PORT DIVIDER 62 " 
1269196 DISH FEEDS 89 " 
2304 DISH FEEDS 89 ' 5  

1296 SLUG TUNERS 65 95 

SBLA144E 2MTR MAST MOUNT R F 
SWITCHED PREAMP 250W THRU POWER 
N F r Idb15dbG 169 *' 
GLNA 433E 70CM MAST MOUNT R F SWlT 
CHED PREAMP 50W THAU N F . Idb 
G -  15db 172" 
GFBA 164E 2MTR MAST MT PREAMP IKW 
THRU POWER G-15db N F . Bdb WlTH 
AMP SEOUENCER 289 " 
GLNA 432E 7%m MAST MT PREAMP. 5WW 
THRU G - 15db N F . lab WlTH AMP 
SEOUENCER 299 " 
HlGH 0 R DBM XVRTRS FOR6f ZMTRS 
COMING SOON' 

SSB ELECTRONIC 
KhOil' F ! i i  i i B U  RCY (:I)NV I 1 5  9' 

*.71J0' 1 1 1  10 IIRM RCV CI>NV t l S P  
KiOOI 7Ocm To I C  DBM RCV CONY 115s) 
K2301G 23cm To 10 o r  2 R C V  
CONV G F FRONT END AND DBM 159 
TV 144-28.10 10W 2MTX XVRTR 209" 
TV432.28.10 10W 70cm XVRTR 299 -5 

TV.220.28.10 10W 1'4M XVRTR Comlmr Soon 
DX-144 PREAMP N F I 4db (30" 
DX-220 PREAMP N F < 5ab Comlnq Smn 
01.432 PREAMP N F < 5db 130 .' 

(WON DAYTON 1985 N F CONTEST1 
DX.1298S PREAMP N F Sdb 156' 
DX 2320 PREAMP N F r R.I~ 166 *4 

PA 2310 126911296 10W LINEAR AMP 275 * 
LT 235 1296 1OW LINEAR TRANSVERTER 
2MIF 610" 
LSM-24 1269.2 OSCAR MODE L XMlT CONV 
1W 
OUTPUT. 2M I F 299 " 
MICROLINE 13 'hW 2 3GHZ XVRTR SYSTEM 
2M I F 410qs 
MlCROLlNE 13 3W 2 3GHZ XVRTR SYSTEM. 
2M I F 675 9, 

SM.13 2306 3W AMP 285 " 
MAST MOUNTED PREAMPS 

MV144V 250W R F SWITCH WlTH IZV 
SUPPLY INTERFACE 175 * 
MV132V ?SOW R F SWITCH WlTH 
INTERFACE 185 '% 

MV144S.01 IKW THRU PWR WlTH 
SEOUENCER J09 " 
MV-4D7SOI SOOW THRLl PWR WlTH ~-~~ ~~~ 

SEOUENCER 319" 
MV-1796s IOOWTHRU PWR WlTH 
SEOUENCEA 349" 
OTHER HlGH OUALITY PRODUCTS IN 
STOCX-CALL FOR CATALOGUE . . . . .  . . . .  

TONNA FBFT ANTENNAS ARE BACK1 WE ARE THE EXCLUSIVE U.S. DISTRIBUTOR INTRODUCTORY SPECIAL: 
126911296 OUAO ARRAY COMPLETE WlTH 4-23el YAGIS. ' H  FRAME. POWER DIVIDER PHASING LINES. CONNECTORS GREAT FOR OSCAR MODE 'L' OR 
TERRESTRIAL APPLICATIONS REGULARLY 339 *% SALE PRICE 215 9, 

OTHER GREAT, HIGH PERFORMANCE ANTENNAS BY TONNA !CALL FOR SPEC. SHEET!!) I 
5 EL 6 METER YAGl 69 w 13 EL 2MTR YAGl 59 " TONNAICALL FOR SPEC SHEET") TERMS Prlcer do not oncludeshlpplng ex. 
21 EL 7Ocm YAGl 56 +1 23 EL 1296169 YAGl 46"' 19 EL 70cm YAGl 44 91 cep1 where lndlcaled and are subject l o  

lATV MODELS IN STOCK1 17 EL 2MTR SUPER YAGl 88 2MTR OSCARlWlST 65 - change without nouce At our utscrellon 
70cm OSCARTWIST 68 sa 55 EL 1296 SUPER YAGI 68 2 x 9  EL l1Bell same COO s may requcre a depas#l Relurns 

Q (a  *I n s r n a  ANTFNNA DM a 7nrm ON A ~OMMONROOM.GREAT are sub~ect to a 15% reslochlng cnarge 

Over 125 books, 
tapes and computer 

your name and addr REE copy of the new 
Propagation Publishi 

The new ones wlth the 

Please send check or 
o rde r .  llltno~s r e s l d e n t  

add 6% sales t a x  

We are looking for authors! 
We wanr author; w l t h  new Ideas  for books ~n 
the amateur r a d l o  f l e l d  If you have a book In work or j u s t  t h l n k l n g  

about one, send an o u t l l n e  and sample chapter to us for rev iew  We 
can glveyour book the na t l ona l  exoosure needed to make ~t a SucCesj 

PROPAGATION PUBL 

m . l n l l l l s  
~ 

' I 2  $ , > 8  .... .... .I.....l.... . . . . . . . . . . . . . .  ........ .rr.,,..r" ."w,.; "- ili.. ,,-. ,,.; 

,- ".," i , r c , , .  r.,........ I , , .  . "I, I I1Ui"  , l l l l *  ~ , . . I . . , . . . ~ Y U Y ~  L.."..,, ... - - 
,,nr,,.<" ... ", ......................... "1. ...".......A. " ,l.,v ,,.: .....,. .,,,.,a 1 

M a t .  Ctr. . . . l  l ir . . . .mll  I.. EM 1).111?* 111 1. - -. -. - -. -. ......... " , ~  ..... -...a".... ...... -.\>.... ............ .." ... ".* ..... ,,,..," -","-" ... .....-.. 
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vhf and microwave 
general 
A N  power amplifier, fast-scan 

WBBWP p. 67. Mar 85 
"Audio to microwave" amplifier, build your own 

Gruchalla. Michael p. 12, Mar 84 
Bandpass filter design, interdigital, computer-aided 

NGJH. Monemzadeh p. 12, Jan 85 
Short circuit P. 117. Jun 85 

Battery-voltage monitor for HTs (weekender) 
K2MWU p. 78, Sep 82 

Diplexer mods (HN) 
K5PFE p. 89, Apr 83 

Dual wattmeter, 50-500 Hz (weekender) 
WB4EHS p. 67. Jul 85 

Duplexer, six cavity, home-brewed 
KSEYY p. 12, Feb 85 

Earth-moon-earth (ham radio techniques) 
W6SAI p. 40. Feb 81 

Efficient matching (Tech. forum) 
VE7BS p. 83. Sep 83 

Elevation indicator, inexpensive (weekender) 
W5JTL p. 67. Jun 85 

Get on 6 meters - the inexpensive way 
KBl KJ P. 91. Mar 85 

G.O.E.S. reception: a simple approach 
WA4WDL p. 46. Jan 84 

Handheld transceiver mount (a 2-way ashtray for 
your car) (weekender) 
KB2XM p. 64. Jul 81 

Helical antenna matching (Tech. forum) 
Belliveau. John p. 73, May 83 

Instant balun (letter) 
WBMQW p. 6, Aug 81 

KSLHA 2-meter synthesizer, extending 
the range of (HN) 
KSLHA p. 52, Dec 81 

Local oscillators, high stability for micro- 
wave receivers and other applications 
WB3JZO p. 29, Nov 85 

Measuring noise figure 
KPBLA p. 26. Jan 84 

Micros and VHF beacons 
transmit messages automatically 
K9EI p. 51, Jul 85 

Microstrip impedance program 
K8UR p. 84, Dec 84 

Microwave network for multimode communications 
K4TWJ p. 36, Aug 82 

Moon coordinates, determining basic 
W2WD p. 38. Jan 85 

Moon-tracklng by computer 
K6WX p. 38. Mar 84 

More about moonbounce (ham rad~o techniques) 
W6SAI D. 34. Mar 81 

Multipurpose uhf oscillator, simplifying the 
WASHYV p. 26. Sep 81 

Power dividers, extendedlexpanded 
W5JTL p. 73. Oct 84 

Power FETs: trend for VHF amplifiers 
Peters. Daniel. W7PUA p. 12. Jan 84 

Power supply, amplifier 
WA2GFP p. 32. Sep 83 

Preamp at work. Quiet! 
N6TX p 14. Nov 84 

Radio telescope antenna requirement (Tech forum) 
Landecker, Tom p. 44. Mar 83 

RF transmission cable, microwave applications 
K3HW p. 106. May 85 

Repeater security 
WA5FRF p. 52. Feb 81 

Silverplatlng, safe, sensible 
KSEYY p. 29. Feb 85 

Super beep circuit for repeaters 
KP4AQI p 48. Jul 81 

Synthesized time identifier for your repeater 
WA4GUA p 42. Nov 82 

The Guerri report: signal processing 
W6MGI p 156. Dec 84 

Tone decoder, the ultimate 
WDSEIA. WB9HGZ p 33. Sep 82 
Comment. WDSEIA p. 8, Feb 83 

Touchtone auto-dialer, portable 
K2MWU p. 12. Aug 82 
Comments, K2MWU p. 8. Feb 83 

Trade off power for antenna gain at VHF? 
WASGFR, Hennel p. 32. Jul 85 

UHF antenna tower, low-cost 
KABGVY p. 30, Oct 84 

VHF amplifiers, carrier-operated relay 
WB3JCC. KDBKZ p. 45. Apr 85 

VHF meteor scatter communications 
A17J p. 69. Feb 84 

VHF signal generation, harmonic mixer (weekender) 
K l  WH p. 40. Mar 85 
Short circuit p 121, May 85 

VHFIUHF world, the VHFIUHF challenge 
WlJR p. 42. Jan 84 

VHFIUHF world: improving meteor 
scatter communications 
WlJR p. 82, Jun 84 

VHFIUHF world: the VHFIUHF primer. 
an introduction to propagation 
WlJR p. 14. Jul 84 

VHFIUHF world. the VHFIUHF Prlmer. 
an introduction to filters 
WlJR p. 112, Aug 84 

VHFIUHF world 
WlJR p. 45, Sep 84 

VHFIUHF world 
W1JR p. 55. Oct 84 

VHFIUHF world - low-noise GaAs FET technology 
WlJR p. 99, Dec 84 

VHFIUHF world: high power amplifiers: pt. 1 
WlJR p. 97. Jan 85 

VHFIUHF world: high power amplifiers: pt. 2 
WIJR p. 38. Feb 85 

VHFIUHF world: keeping VHFlUHFers up-to-date 
WlJR p. 126, Mar 85 

VHFIUHF world: protecting equipment 
WlJR p. 83. Jun 85 

VHFIUHF world: propagation update 
WlJR p. 86. Jul 85 

VHFIUHF world: designing and building loop Yagis 
WlJR p. 56, Sep 85 

VHFIUHF world - transmission lines 
WlJR p. 83. Oct 85 

VHFIUHF world 
W1JR p. 54, Nov 85 

VHFIUHF world 
WlJR p. 85, Dec 85 

Weather radar. 10-GHz 
K4TWJ p. 61. Sep 83 

W~reless 220-MHz to 2-meter converter (weekender) 
W3RW p. 36, Jan 82 

X-band calibrator 
WA6EJO p. 44. Apr 81 

X-band mixer, low noise (Tech. forum) 
N5AX p. 22, Jan 83 

10-GHz oscillator, ultra stable 
K8UR p 57. Jun 83 

40-meter transmitter-receiver 
W6XM p. 43. Dec 82 

vhf and microwave 
antennas 
Antenna insulators, PTFE VHF 

W5JTL p 98. Oct 85 
Cylindrical feedhorns, second-generation 

wAsHUV p 31. May 82 
Direction-finding tool, the fox box 

KIZJH p. 25. Oct 85 
Fresnel-zone plate for 10.4 GHz 

WB6YVK p 44. May 82 
Comments, KB90, WB6YVK p. 8. Nov 82 

Inexpensive five-eighth wave groundplane (HN) 
W7CSD p. 84. Mar 81 

Matching 432 MHz helical antennas 
(Tech. forum) 
W8NWU p 44. Mar 83 

Re-entrant cavlty antenna for the vhf bands 
W4FXE p. 12. May 81 

Using a 2-meter quarter-wave whlp on 450 MHz (HN) 
KIZJH p. 92. May 81 

VHFIUHF world VHFIUHF antennas and 
antenna systems 
WIJR p. 46, Feb 84 

VHFIUHF world' stacking antennas, part 1 
WIJR p. 129. Apr 85 

VHFIUHF world: stacking antennas, part 2 
WlJR p. 95, May 85 

VHFIUHF world 
WlJR p 85. Dec 85 

Weathering the elements at 10.4 GHz 
WB6YVK p. 74, Aug 82 

2-meter beam, portable 
KB5QJ p. 113, Oct 85 

vhf and microwave 
receivers and converters 
Add fm to your receiver (weekender) 

K3NXU p. 74. Mar 81 
GaAs FET performance and 

preamplifier application 
K8UR p. 38. Mar 83 
Comments. KCOW p. 12, Jul 83 

Kenscan 74 
WB7QYB p. 50. Jan 81 
Short circuit p. 89, Jan 82 

Local oscillators, high stability for micrw 
wave receivers and other applications 
WB3J7.0 p. 29, Nov 85 

Modification of KSLHA 2-meter synthesizer for 
144-148 MHz coverage (HN) 
KSLHA p. 93, May 81 

Preamplifier design. UHF, computer-aided 
KBOO p. 28. Oct 82 

Synthesizer, genesis of a 
VE3FlT p. 38, Mar 81 

TR-250012600 2-channel programming (HN) 
KSMLD p. 128. Oct 85 

VHFIUHF world: VHFIUHF receivers 
WlJR p. 42, Mar 84 

VHFIUHF world - low-noise GaAs FET technology 
WlJR p. 99, Dec 84 

VHFIUHF world 
WlJR p. 54. Nov 85 

Yaesu's latest VHFIUHF receiver. 
add general coverage 
W6MGI p. 67. Oct 85 

2-meter synthesizer, frequency modulator for 
K9LHA p. 68, Apr 81 

2-meter transverter 
W6HPH p. 24. Jan 82 

2-meter weather converter (weekender) 
WA3EEC p. 87, Dec 83 

10-60 MHz preamp, low-noise, low-cost 
WAZGFP p. 65. May 81 

2304-MHz preamplifier, low-noise 
WAPGFP p. 12, Feb 83 

vhf and microwave 
transmitters 
Arnpllfier, 2 meter. 40 watt 

WB4GCS p. 50, Oct 83 
Amplifier, 432-MHz. 1500-watt 

W2GN p. 40. Jul 85 
ANIUPX-6 cavities, converting surplus 

W6NBI p. 12, Mar 81 
Modification of KSLHA 2-meter synthesizer for 

144.148 MHz coverage (HN) 
KSLH A p. 93, May 81 

Solid-state power for 1296 MHz 
NGJH p. 30, Feb 81 

Synthesizer, genesis of a 
VE3FlT p. 38. Mar 81 

Temperature control, automatic 
WB51RI p. 75. Jun 85 

TR-250012800 2-channel programming (HN) 
KSMLD p. 128. Oct 85 

VCO. 1800-2600 MHz 
WaON p. 21. Jul 85 

VHFIUHF world: medium power amplifiers 
WlJR p. 39, Aug 85 

VHFIUHF world: VHFIUHF exciters 
WIJR p. 84, Apr 84 
Short circuit p. 60, Oct 84 

Weaver modulation. 2-meter transmitter 
NlCOX p. 12, Jul 85 

2-meter synthesizer, frequency modulator for 
K9LHA p. 68. Apr 81 

6-meter amplifier 
W2GN p 72. Apr 83 
Short circuit p. 97. Aug 83 
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Thesolut~on to most i n t e r f e r e n c e ,  intermod, and deserse I problems in AMATEUR and COMMERCIAL systems. I 
I b 40 lo 1000 M h l  tuned lo yuur lrequency - 

. . - , . . . . -. - . 5 larnn ~ P I I C A I  resnnalnrs I 
I - .  3-  - -- - - -  - - - 

;. - . io; nolse - H ~ g h  overload resistance 
8 dB gain - ulf~rnate relecllon> 80 dB 
10 lo 15 volts OC operaflon 
Size - 1.6 x 2.6 x 4.75" exc. connectors 

. --- FANTASTIC REJECTION! 
T y p r c a l  r e i e c t r o n  Pr~ce -589.95 blpolar w/RCA lacks 
2 600 Khz@ 144 Mhz -28dB Connector opllons BNC $5. UHF $6. 
? 1 6 MhzF1220 Mhz -4040 N $10 
2 5  Mhz@1450 Mhz -50dB SUPER HOT! GaAs Fel oDllon $20 

to t  Ir,io!.Lelv?r,. dllr l  r,,i,tl.ilrls - AMATCUR ,:I,! COMMERCIAL 
Aulom,il~c oprralloil ,dcll~.\table Speed ,~rl,l .i1ii1>11'~1#!1~ . Slrlnll slle easy #nsldll,dl~on . 7 lo I!, uolls 111 
8 seleclnble, ieprogrammdble messaqes eai.h up lo 7 mln long . Wlred, tested. and programmed wllh your message(s1 

y 137 Model ID-l - $49 95 Model 10.2 w12 lo 10 nllnule llmef - 589.95 
1 We otler a cnmnlate lhnp 01 transmollar and racawer slr~os 1 

NEW 70 CM ATV TRANSCEIVER 
ALL YOU NEED IN ONE BOX 

$299 delivered 
, .--. TC70-1 

FULL COLOR, SOUND. L LIVE ACTION jusl like broadcast TV. Gel on Ihls 
exctlnng amateur video mode at our alfordable ready to go price. 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? The TC70-1s 
downcOnYerter oulpuls loany TV on ch 3 lor receiving. Connect a g w d  70cm 
anlenna and low loss coax. Plug In any composite v~deo source you want to 
lransmsl: Camers. VCR, computer, etc. Plug an any low Z dynamic mlc or use 
color camera mlc lor Standard 4.5 mHz TV sound. Connect l o  13.8 vdc lor 
base, moblle, or porlable. See chapt. 20 1985 ARRL Handbook. Thal's 111 

WHAT CAN YOU DO WITH THE TC7&1 ATV TRANCEIVER? Show the shack. 
pralects, computer program Ilslings, home video tapes. repeat Space Shullle 
aud~o and video il you have a TVRO, repeal SSTV or RTTY, Weather Radar, do 
publuc service evenls such as parades, maraThons, races. CAP searches and 
rescues. . .the l is l  goes on. DX depends on anlennas and Ierraln, lyplcally 1 
10 40 miles. We have video compensated RF linear amps lor 20 I$ 119) or 50 
($189) watts pep lor grealer OX. 

FEATURES: Small 7~7~2.5' .  Push l o  Look (F'TL) TIR swilchlng. GaAslel 
downconverlel lunes whole 420450 mH2 band. Two swllch selected vldeo 8 
audto ~nputs . .  .RCA phone lacks and 10 pln Color camera lack. Xmll vldeo 
monitor output. Over 1 wall pep RF oulpul on one or two (add $15) selecled 
crystal controlled frequencles. 439.25. 434.0. or 426.25 mH2. 

CALL OR WRITE FOR OUR CATALOG lor more Into or who Is on In your area. We 
slock anlennas, modules, and everything you need on ATV. 

TERMS: Visa. MC, or cash only UPS COD3 by phone or mall. Checks musl clear 
bank belore shipmenl. Price ~ncludes UPS surlace shipping in conl. USA, olhers 
add 3%. Transmitting equipment sold only l o  licensed Tech class or hrgllel 
amateurs. veriliable In 1985 call book or copy of new Ilcense. 

(81 8) 447-4565 rn-t Sam-6prn pst. 

P.C. ELECTRONICS 2522 Paxson ~ a n e  
Tom W60RG Maryann WBBYSS Arcadia CA 91 006 

I I 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

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

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

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

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other A M S A T  Membership Benefits: 

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 
H 115 
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$4: P. 0. Box 62 19 AUBtan St E Lynn, Ma 01 904 Tel: (61 7) 5952275 tf 
:%I 
fi: COMPUTER TERMINAL BUILDING BLOCK $50.00 Green phosphor CRT 4 This is a great beginning for a computer terminal. It is a brand new, Panasonic, 9 " - TTL input monitor complete with its own self-contained, switching power supply, 
{i: and a removeable ( four  screws) triple output  power supply. The whole assembly 

runs o n  11 5 1230 V, 50 I60 Hz. Now for some specifics: 9 " green phosphor, T T L  
lnput monitor, attached regulated 12 VDC, 1.5 A power supply used exclusively to  
run the monitor and an attached triple output  switching power supply with outputs  
of 5 VDC C3.5A, +12 VDC @ 500 ma, and - 2  VDC C500ma.  The assembly has 

and should be a snap to  make a case for. Comes with hook up data. 
boxed. We are offering this to  you 4 ways: .a COM,PLETE SET-UP AS SHOWN, including monitor, low voltage supply and .- ;Fj: t r ~ p l e  output  supply. SPL-116-38, 14 Lbs., $50.00, 51t225.00 

TRIPLE OUTPUT SUPPLY ONLY, SPL-117-35, 3 L b s .  515.00 

+ l9'.MONITOR ONLY. (you supply l o r  voltage input) SPL-114 -38. 1 I Lbs. $ 25.00 fi: Monitor Chassis 
9 "  MONITOR WILOW VOLTAGE SUPPLY ONLY, SPL-115 -38,  12 Lbs. $40.00 w/Display Board 4 -;"f 

*: We are now selling guaranteed working starlight scopes which ATTENTION: & 
*H 

allow sight in almGt total darkness. They are so named because 
they incorporate a light amplification tube which user the mailable 
star or moon light to allow y w  tosee- without being seen. The 
scope has a spectral response of 4,500 to 8,000 angstroms, 
resolution of 50 lineslmm, viewing area of 25mm. standard 
50mm F1.4 lens, optional telephoto 135mm F2.8 lens. crws hair 
reticle and optional carrying cme. A great tool for securitv and 
naturelist applications. Runs on 9VDC transistor radio battery. 
Due to the nature of this device end people only hwing a one time 

SECURITY PERSONNEL 
NATURALISTS 
HOBBYISTS 

NEW SEE-IN-THEDARK EQUIPMENT! 

fi: use for it, we cannot accept returns for refund, credit or exchange 

.B on this item. To w r  knowledge, this is the lerat expensive starlight 
scope on the market Includes 90 day warranty. a: STARLIGHT SCOPE SPL-130A-39 $1,2W.W 

R Optional Tdaphoto Lens. 135mm F2.8 SPL-131A-39 585.00 :w Optiond ~ i t t i d  Carrying Casa SPL-132A-39 $66.00 
8: . 8' "'I 

5 W" HARD DRIVE CONTROLLER CARD 
Finally, affordable, intelligent disc drive controllers are available at low, low surplus prices. The 
OMTI 20C controller boards we offer are unused, late style, surplus from a now defunct system 
house. OMTI is a division of Scientific Micro Systems. These boards will handle up to (2) 5% 
inch Winchester type hard 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 
fault detection, auto head & cylinder switching, full sector buffering, 2561512 byteslsector, 33 
or 18 sectorsltrack (jumper selectable), programmable disc parameters and much more. The 

8 board runs on +5 vdc & +12 vdc.. We supply users manual &pinout data. Guaranteed 0. K.. 
Shpg. wt. 3 Ib. OMTI 20 C $1 50.00 each 2/$275.00 Qty. pricing available. - 

" HIGH POWER SURVEILLANCE IR SCOPE This Infra-Red scope was designed specifically for long range surveillance :.@ 
use. The built'in, totally invisible, 50 watt halogen lamp IR source is 
coupled with a premium grade type 6032 image converter tube, 265 mm 
f4 .2  lens, and 16 power military spec., color corrected eyepiece make :.@ 
this an ideal unit for viewing o f  clandestine activities o r  animals. The h' 
scope is capable of detection at  more than 300 feet, recognition at 
300 feet and positive facial identification at  150 feet. I t  runs on 
12 VDC which makes it ideal for mobile use. It comes with a remove. 
ahle hand grip which allows for tripod mounting, 2 power cords for 
cigarette lighter or battery terminals, instructions and a 90 day 
warranty. Listed below are accessories which make this a very 
versatile instrument. The scope and accessories are new and guaran- 
teed functional. Net wt. 5 -1 I4 Lbs. 
IR Scope part no. ELD Shpg. Wt. 7 Lbs. $735.00 ea. 

k?: ACCESSORIES: -5' 

.@ 12 VDC G E L L  BATTERY for above. ~ l l p g .  ~ t .  6 ~ b s .  $35.00 MALE "T" f1.6 CAMERA DAPTER for SLR cameras 

& 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 

@ to be seen by the operator up to 4 f t  away. 2 Lbs. 8 9 . 9 5  of above male "T" f1.6 adapter. Shpg Wt.  1 Lb. $29.95 :# k: 



5728 ........................ 57.00 8643 ........................ 82.50 
81 1A ........................ 12.00 8844 ........................ 26.50 
813 .......................... 30.00 8873 ...................... 195.00 
61468 ........................ 8.50 8874 ...................... 225.00 
6360 .......................... 4.25 8877 ..................... ,595.00 
68838 ........................ 8.00 8908 ........................ 14.50 

MAJOR BRANDS ON RECEIVER TUBES 
75% off list 

Semiconductors 
MRF 245lSD1416 ..$30.00 SD1088 ................... 19.95 
MRF 454 ................. 14.95 2N3055 ....................... 75C 
MRF 455 ................. 10.95 2N6084 .................... 12.50 . 

RF Connectors 
PL259 ................. 101$4.95 M358 ................... 2.50 ea. 
PL258 ................... 1018.95 M359 ................... 1.75 ea. 
UG 1751176 .......... 1011.60 Type "N" Twist on 
UG2551u .............. 2.50 ea. (RG81u) .............. $4.75 ea. 
UG2731u .............. 2.25 ea. Mintmum Order $25.00 - Allow $3.00 mln. for UPS charges 119 

SATELLITE TELEVISION RECEIVER 
SEMlKlT 

D * - 9 &- 
A & 
"8 

9 m - - r  

w~th dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 
AFC, SAW ftlter 
RF or v~deo output 
Stereo output 
Polorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $300.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~ckel. San Pablo. CA 94806 ,, 149 Tel 415-724-0587 

WHAT'S REALLY 

"SATELLITE 
TELEVISION 

M A G A Z I N E , ,  
A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
install it, system performance, legal viewpoints, and in- 
dustry insights! With your subscription to STVx' you will 
receive a FREE LCD CalendarIClock. 

Only $19.95 per year (12 monthly issues) 
$1.00 for sample copy 

The best In satellite programming! Featuring: +All 
Scheduled Channels +Weekly Updated Listings 
*Magazine Format *Complete Movie Listing +All 
Sports Specials *Prime Time Highlights *Specials 
Listing and +Programming Updates! 

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

Visa"' and Mastercard Qccepted (subscrip- 
tion orders only). All prices in US funds. Write 
for foreign rates. 

Send this ad along with your order to: 

STV@/OnSat @ 

P.O. Box 2384--Dept. HR Shelby, NC 28151-2384 
SUBSCRIPTION CALLS ONLY 

TOLL FREE 1-800-438-2020 
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REVIEW 
Alpha Delta's multi-band 
twin sloper antenna 

Slopers have enjoyed considerable popularitv 
over the past few years. Recently a number of 
different manufacturers have been producing 
several rnodelsof multi-band slopers that are fairly 
convenient to install and apply and give a pretty 
good accounting of themselves on the air. 

The newest sloper is the DX-A from Alpha 
Delta. designed to cover 18). 80, and 40 meters. 
Alpha Delta is well known for its MACC power 
supply switch and transient protector and its 
Transi-trap antenna lightning protector. Don 
Tyrell, WEAD, president of Alpha Delta, was 
looking for a way to improve his low band sig- 
nals and came upon the March, 1981, QSTarti- 
cle by Doug DeMaw, WlFB, "More Thoughts 
on The Confounded Sloper." Don researched 
the sloper further and decided that the design 
could give him the kind of performance he was 
looking for. 

Because he wanted a multi-band antenna, he 
had to make a few modiiications. The first was 
to modify the basic design to configure it more 
like an inverted dipole rather than a single wire 
antenna (as described in the QST article and 
produced by other manufacturers.) This was 
done to broaden the bandwidth and improve the 
radiation efficiency of the antenna. As first 
designed, the antenna had one element that 
covered 18) and 80, while the other tuned 40 
meters. However, after a number of these units 
were produced and out in tha field, Don found 
that the antenna's performance could be 
improved if the 160-meter resonator was placed 
on the end of the 40-meter wire (see fig. 1). 

Since I had the original DX-A antenna, I had 
to make a number of minor modifications before 
this review could begin. 

Alpha Delta uses an aluminum tower bracket 
drilled to fit a Rohn tower bolt and has an 
50.238, female UHF connector to simplify 
attaching the antenna feed line. The two 
antennas are fed from this.common point and 
extend away from the tower just as a dipole 
would. If there's any question of a good ground 
connection, such as with a crank-up or older and 
possibly corroded tower, it will be necessary to 
run a grounding wire to emure proper operation. 

Alpha Delta recommends that the DX-A be 
placed between 25 and 40 feet up - 30 is sug- 
gested as optimum. The elements should be run 
as closely to 180 degrees apart as possible. (The 
test antenna was installed at 32 feet on a 56 foot 

$21 9 9 5  Suggested 
Amateur Net Price 
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The AEA model PK-80 i s  a wired, 
tested, and calibrated version of the 
famous TAPR TNC-2 and comes with a 
one-year conditional AEA warranty. 

You can interface the PK-80 with 
any ASCII terminal or a personal 
computer and standard terminal 
software. The PK-80 is loaded with all 
the latest AX.25 version 2.0 software 

I 
~ - R , ~ o u )  7 0  9 1 1  7" 1 -I 
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A- -6000  Ellr" 1ROVWD 

fig. 1. Performance was improved by placing l a m e t e r  resonator at the end of 40-meter 
wire. 
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- - 
T 

I . . ( 7 6 " '  

7 0  

4 0  (82 t V I  

I 

-4 row r i r u r u r  

'\ 

\ 
\ 

newst benchmark for comparision. 

Compare the following as represen- 
tative of the advanced new features 
relative to the competition. 

Hardware HDLC for ful l  duplex 
True Data Carrier Detect (DCD) 
for HF operation ' 

Operates with 3 0 ,  1200,2400, 
480 ,  and 9600 baud terminals 
Five front-panel status indicators 
Multiple connect 
Connect check (poll final bit) 
fully implemented 
Connect AUTO response message 
Only three commands necessar! 
for making standard contacts 
82 software commands possihle for 
the most demanding requirements 

Prices and Specific;~lions Subject 10 Chanae 
Without Noticc o r  0hlig;ltion. 

ADVANCED ELECTRONICS APPLICATIONS. INC. 
P.O. Box C-2l60. Lynnwood, WA 98036-0918 
TELEX: 6972496 AEA INTL UW 
(206) 775-7373 / 

AEAEAEAEAEAEA 



Inter-Ear-Communication-System 
A space age sys tem that allows you to send and 
receive your message through your ear and leave 

Replace your W s  awkward spaaksr-microphone with 
an nearmicrophone. 

a Discrete HT communlcalons Ieavea you with both 
hands tree. 

a Allows volce communlcatlons in nolsy emlmnments. 
Our meartalk Interfaces with almost a11 HT'& which 
have external speaker microphone output jacks. 
Custom hybrid clrcult. 
Low power consumption. Tmsml t s  at 5mA and leas 
than 10uA when recelvlng. 
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 S15  and all ICOM 
HTs are available at $19.95 
FOR ALL PREPAID ORDERS, SHIPPING AND HANDLING 
CHARGE WILL BE PAID B Y  N.EAR.TALK. 

tower.) Other dimensions can be used without 
seriously degrading performance. 

The antenna is a singlewire radiator for 80 
meters and a loaded radiator on 40 and 160. It 
uses a l o w 4  "iso-resonator" instead of an L-C 
trap to diminate the problems of capacitor break- 
down under high RF loads. This coil is rated at 
1500 watts PEP. Don's new dimensions for the 
antenna are: 

80 meters 67-69 feet 
40 meters 34 feet 
160 meters 18 feet 

Tuning 80, 1 found that I was able to get an 
acceptable match at 3.6 MHz without too much 
diiiculty. However, finding that the suggested 
dimensions for 40 meters were a bit too long, 
I spent a considerable amount of time pruning 
the antenna in an attempt to get the antenna to 
resonate. I was finally able to get the unit to 
cover the whole band when the antenna was 
approximately 32 feet long. Luckily at this point, 
the antenna was just about resonant at where 
I wanted it for 160. One cut and it was at 1.84 
MHz. 

Should you have any problems during instal- 
lat in or tune up, you can call Alpha W s  tech- 
nical department at 513-376-4180. Their repre- 
sentatives will be able to provide you with sound 
advice. 

Less than 2:l SWR bandwidth for this instal- 
lation is: 

160 meters 50 kHz 1.8151.865 MHz 
80 meters 200 kHz 3.53.7 MHz 
40 meters 300 kHz 7.1-7.3 MHz 

This antenna can also be tuned with open wire 
feeders or coax and a transmatch for greater f re 
quency excursions. As modified, the DX-A will 
also tune the 30 and 17-meter Amateur bands 
with a reasonable SWR. 

It is far too soon to tell how well this antenna 
will perform on long-ha01 DX contacts. However, 
early results indicate that it will be pretty good 
on 80 and 40 with credible results on 160. 

The multi-band sloper won't give you the per- 
formance of full-sized antennas. But, if your 
space is limited or if you need a single antenna 
to get on the air, the DX-A is a perfect candi- 
date for you to consider. 

For more information, stop by your local dealer 
or contact Alpha Delta. P.O. Box 571, Center- 
ville, Ohio 45459. 

Circle lJOl on Reader Sewice Card. 
NlACH 

packet goes portable 
GLB Electronics. Inc.. has introduced the first 

packet radio controller designed for portable and 
solar powered stations. 

lconlinued on page 1241 

122 December 1985 



Invitation to 
A u t h o r s  

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

More Details? CHECK-OFF Page 134 

MICROWAVE EQUIPMENT 
RMLA - 2.3 

Single Stage, Low Noise 
Gas Fet Amplifier 

$ 6 0 . 0 0  

Opl88~inm lrdns~slor Notse Figure less than 5 dB. 
As~oc~at rd  G a r  Greater Than 15dB a1 2 3 GHZ 
SOUISBILOB~ must be 50+ 10 ohm Non-Reactwe 
SMA Conneclars Requires + SVDC Power wllh 
- 5VDC presenl when + SVDC apploed Power Sup- 
ply and Sequencing IS not supplled Zener Pfolectlon 
Unenclosed an 2' r 2' PC Board 

Write for Pr~celDeltvevy lor any lrequency lrom 1 10 6 
GHz Also VCO's. Scpnal Generators. Deleclors. At- 
lenuators. Ffl l~rs. Mmers. and Conveners 

Prace mcludes Shlpplng and Insurance when patd by 
check or money order Charge or C 0 0 orders. 
F 0 B . Brwklleld. MO 

ROENSCH MICROWAVE 
R.R. I. Box 1568. 
BROOKFIELD. MISSOURI 64628 J lm 

TMOS FET 
M R F l Y '  5W 2200 S1O.M - 
MRF137' 30W 2.200 22.50 - 
MRFl38" M W  1.5.150 35.00 - 
M R F I W "  150W 1.5-150 80.00 - 
MRF172' 80 2.200 65.00 - 

Selected. matched finals lor Kenwood. Yaesu. 
Icorn. Atlas, elc Technrcal assistance and cross. 
reference ~nlormat~on on CD. PT. RF. SRF. SD PINS 

I QUANTITY DISCOUNTS AVAILABLE 
WE SHIP SAME DAY C.O.D.IVISAIMC I 

INFORMATION AM) CALIF ORDERS: (819) 7444728 I OUTSIDE CALIF. ORDER DESK: 8004Y1927 I 

J 168 
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TRhP DIPOLES 
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TRAP VERTICALS . "SLOPERS"-' 
Y' ,  i l  I,, ,cm 
YL. 4 ,  IOI I ' .  : IVdU 
Vi .  V I,,',, :IOldo,RO 
v. 53 !,I I,,,"i4"."" 

'C.4" Dr $3 r" nrtra,t rrllulr 
'I,*," ,ll" 14.8 ,,,.,,,,,,*,I P..,<",l 

ALL ANTENNAS are Ready lo use Facloty assembled -Cam 
merctal Oualoty Handle l u l  psuef Comes complete w%tn 
Deluxe Trap, Deluxe r m l e ?  r,>nneclor I n  qa Slranoed Cop 
~ F I W P I ~  an! wre and End Incvialorr Aiilnmnl>r Ban0 Swll 
Lnlnq . Ttmer usually n c r ~ r  req~i~rsd For all tl;lnsm#tlPr% 
HPTP~VPI< L T ~ R ~ V P I V ~ I ~  FI,I ,911 r ~ a q s  i l m a ~ n ~ ~ ~  -one te,.nltnp 
w<,,19 a11 band5 ,nr,ruc,,on\ ,nr,u<,r.rt 10 d.," ,,#.,I' 

COAX CABLE: Ilnrlud?\ PL 759 rilrlnrrlor on rarh pndl 

DELUXE CENTER CONNECTOR 

. H,l,ll n ,,l,lll ,I, , ,  q 4111.U111 . r:,,,, 'Vl 2 3" uvr,,n,,,, . HA":!J,,, f , , , ,  P,,A<,, . ~ ~ l ~ . ! , , ~ , ~ , ~ , ,  v.., >,,<I *,,,,!r,?,"lv,,,t 
+ I.!\r .1,11,1.1,1 "0 ,,,.. !1111111.; . l,~l"lrn"l..! B , , , l , l i  

DELUXE AN~EUNA TRAPS: C O ~ ~ U ~ O ~ I V  \mim L r e a ~ r . .  :,, ,if )rit,fl 
nrt,,r ~,,,nl,nar liaml!.. lull P ~ I ~ V P I  
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ORLANDO HAMCATION 
AND 

COMPUTER SHOW 
MARCH 7,8,9,1986 

FLORIDA RATE 
ARRL CONVENnON 

RK;ImnoN 

$5.00 AWANCE $7.00 AT DOOR 

FOR INFORhWnON 
PLEASE SEND 

SELF ADDRESSED STAMPED 
ENVELOPE T O :  

HAMCATION CHAIRMAN 
P.O. BOX 45442 

ORLANDO, FL 32858 
(305) 422-ARRL 

Unique in terms of small size and low current 
drain, the PK1 L is designed for portable use and 
for remote digipeater operation. At a current 
drain of only 25 mA, the PKlL can even be oper- 
ated on a 9-volt transistor radio battery. PKlL 
also has self-contained "watchdog" and power- 
down sensing circuits with a lithium battery 
backup for memory. When power is disconnect- 
ed all parameters and modes that have been set 
up are retained and become available again when 
power is restored. For remote digipeater opera- 
tion in the event of malfunction due to nearby 
lightning strikes, etc. the watchdog automati- 
cally resets the CPU, ensuring continued oper- 
ation for anything short of physical damage to 
the unit. The PK1 L also provides a "connected" 
signal, plus two spare inputs and outputs that 
can be programmed for custom applications. A 
"remote command lockout" input can be used 
to prevent unauthorized stations from sending 
control commands. 

The PKlL is housed in a rugged, all-metal, 
shielded enclosure measuring only 4.6 x 5.9 x 
1.0 inches. The PKlL is entirely self-contained 
with an onboard CPU, 8K of memory, prepro- 
grammed 32K ROM. RS-232 interface and pac- 
ket MODEM weighing only 12 ounces. Both 
connectors are OR-25% chosen for ready 
availability. Pinouts were chosen to  preclude 
damage due to improper insertion. One connec- 
tor is for transceiver and power supply and the 
other for a computer, a computer terminal, or 
a teletype machine, either ASCII or Baudot. The 
CPU is a CMOS Z80A microprocessor operat- 
ing at 3.58 MHz. 

For further information. contact GLB Electron- 
in. Inc., 151 Commerce Parkway, Buffalo, New 
York 14224. 

Circle 8333 on Reader Sewice Card. 

ICOM IC-R7000 receiver 
A new continuous-coverage receiver from 

ICOM monitors all Amateur Radio frequencies, 
from 2!i MHz through 2000 MHz in FM, AM. and 
SSB modes. (Specifications guarantee from 25 
to 1300 MHz.) The unit also covers aircraft. 
marine, government, emergency services and 
television bands. 

Nintey-nine memory channels are featured. 
Frequencies are accessed by either keyboard or 
tuning knob. Scanning speed is adjustable. Five 

tuning speeds (0.1 kHz. 1.0 kHz. 5 kHz. 10 kHz. 
12.5 kHz, and 25 kHz) are available. The fluores- 
cent display includes a dimmer switch for com- 
fortable viewing. 

The compact unit measures 4 318 x 11 114 x 
10 718 inches and is priced at $899. Infrared 
remote controller and voice synthesizer are 
optional. 

For details. contact ICOM America, Inc. 2380 
116 Avenue N.E.. Bellevue, Washington 
98009-9029. 

Circle 1304 on Reader Sewice Card. 

AZDEN 2-meter transceiver 
Amateur-Wholesale Electronics has an- 

nounced the new AZDEN PCS-5000 2-meter 
microcomputer FM transceiver. 

The PCS-5000 has an unprecedented frequen- 
cy range of 140.000-152.995 MHz, allowing the 
unit to be used for CAP and all MARS frequen- 
cies. Its small size - only 2 inches high by 5-1 12 
inches wide by 7- 114 inches deep - allows the 
radio to be placed almost anywhere. 

The microcomputer facilitates features not 
previously available, including up to 11 nonstan- 
dard splits, 20 channels of memory in which off- 
set and PL information can be stored, dual 
memory scan, scan lockout in memory mode, 
two ranges of programmable band scanning, 
with selectable scan increments, busy scan and 
delay scan in both the memory and band-scan 
modes, discriminator scan centering (AZDEN ex- 
clusive patent), priority memory with alert tone, 
state-of-the-art lithium banery for memory back- 
up, repeater reverse, acquisition tone, program- 
mable PL generator, and direct frequency entry. 

The crisp, easy-to-view backlighted liquid crys- 
tal display shows operating functions as well as 
frequency and SlRF bar-graph meter. The key- 
board is backlighted for easy viewing even in to- 
tal darkness. 

Other features of the PCS-5000 include 
highllow power (25 watts and 5 watts. fully ad- 
justable), a superior receiver with unprecedent- 
edsensitivity and dynamic range, true frequency 
modulation, 16-key touchtone pad, a rugged 
multi-function dynamic microphone, a built-in 
speaker, mobile mounting bracket, remote 
speaker jack, and all cords, plugs and fuses. 

For further information, contact Amateur- 
Wholesale Electronics, Inc., 8817 S.W. 129 Ter- 
race. Miami, Florida 33176. 

Circle IJ15 on Reader Sewice Card. 

new Heathkit catalog 
More than 400 kit and assembled electronic 

products - including a new personal LORAN 
navigational computer suitable for boating or 
backpacking - are showcased in the latest 
Heathkit catalog. 

Many new products are featured; for exam- 
ple, Heath's instrument line has been expand- 
ed to include the ID-4801 EPROM Programmer, 

FREE PARKING AVAllABLE 



used to program, duplicate, verify, and simulate 
single-power supply 2500 and 2700-series 
EPROMS. A new version of the HIZ-100 Desk- 
top Computer is also available, featuring 8MHz 
operation and equipped with a minimum of 256K 
bytes of RAM. 

Of special interest to readers is an FCC- 
registered phone patch that employs a new de- 
sign and special speech transmission circuits that 
allow the patch to be directly connected to the 
phone line, thereby eliminating conventional 
hybrid transformers used on four-wire to two- 
wire conversions. 

For a free copy of Heathkit's new catalog, 
contact Heath Company. Oep't 150-585, Ben- 
ton Harbor. Michigan 49022. 

Circle C306 on Reader Service Card. 

2-position coax switch 
The new MFJ-1702 twoposition coax switch 

features one pole, two output positions, and low 
insertion loss - less than 0.2 dB. Its maximum 
frequency range os 500 MHz, and it has less 
than 20 milliohms contact resistance SO-239 
connectors. 

The MFJ-1702 is designed for high- 
performance at a reasonable price. It has a 
VSWR of 1:l.Z and gets better than 60 dB iso- 
lation at 300 MHz and better than 50 dB at 451 
MHz. The power rating is2.5 kw PEP, 1 kw CW. 
Unused terminals are also automatically 
grounded for protection from static. lightning, 
and RF. 

Hams will find that they can rely on this dura- 
ble two-position coax swich because MFJ 
includes a oneyear unconditionelguarantee and 
an addiinal =day money-back guarantee i f  the 
product is purchased directly from MFJ Enter- 
prises. 

For more information, contact MFJ Enter- 
prises, P.O. Box 494. Mississippi State, Missis- 
sippi 39762. 

Circle on Reader Service Cerd. 

plug-in encoder-decoder 
Communications Specialists has introduced 

another new direct plug-in encoder-decoder for 
three popular radi i .  Based on the proven TS-32 
programmable encoder-decoder, the TS-32JRC 
plugs directly into the J.R.C. JHM-45S50, So- 
nar FM-2112IFM-2114, and Repco RSM. NO 
modifications to the radio are necessary. 

The TS-32JRC allows individual selection of 
all 32 standard EIA CTCSS tones on any of the 
radios' channels. The send and receive tones 
may be the same or diierent on each of the 16 
channels. The TS-JWRC is available for imrnedi- 
ate delivery from factory stock and sells for 
$62.95. A catalog is available on request. 

For further details, contact Communications 
Specialii, Inc., 426 West Taft Avenue, Orange, 
California 926654296. 

Circle mB on Reader Service Card. 

PK-64 packet system 
The PK-64 form AEA is the first Packet Sys- 

tem with both hardware and software optimized 
for the Commodore-64 computer. 

On the hardware side, the PK-64 includes 
Western Digital 1935 HDLC chip for full-duplex 
operation. The modem is based on the Exar 2206 
and 221 1 chip set including a Spole post detec- 
tion filter for improved HF and VHF perfor- 
mance. The PK-64 is designed for small size and 
light weight, for convenient use. AEA designed 
the PK-64 to operate from 12 volts OC for max- 
imum flexibility in powering the unit. An AC 
Adapter is available for those wishing to use a 
115 volt AC power source. The PK-64 will work 
with virtually any voice transceiver. 

The hardware is only half the story. No Pack- 
et Radii Controller is uxnplete withwt appropri- 
ate communications software. Existing terminal 
emulation programs used with present Packet 
Controllers were not designed with Packet Ra- 
dio Communication in mind and are not opti- 
mum. The PK-64 includes its own MBA-TORrY 
style communications software which has been 
optimized for Packet Radio. 

The PK-64 software allows Split Screen oper- 
ation for more efficient Packet Radio commu- 
nications. This is a valuable feature since it allows 
receiving and displaying packets while the oper- 
ator is typing a message or response to be trans- 
mitted. There is a built-in word processor style 
text editor that allows disk or cassette files to 
be created, edited, or deleted. Commodore 64 
text and executable files may be transferred 
error-free with the PK-64. Ten command and 
message buffers are available for traffic, bulle- 
tins, or often used connect paths, etc. A soft- 
ware clock is included which automatically logs 
the connect and disconnect times and dates. 
PK-64 commands are the same style as the 
TAPR family of commands. 

The price is less than $220. 
For more information, contact Advanced Elec- 

tronic Applications, Inc., PO Box C-2160, Lynn- 
wood, Washington 98036. 

Circle m2 on Reader Service Card. 

SAY 

WIRE & CABLE 
AT THE QIGUTIPRICE? I 

LA CUE, INC. 
132 Village Street 

Johnstown, PA 15902 
orders only 

1-800-637-3300 lcm 

I F ~ l s  In your sh~rt pocket li I 
Uses 1 

4 digit 
6 digit 

1 MHz 

I Great addition to shack and toolbox 

,gl ONLY $49.95 + $2 shipping I 
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d" AT L A S T ' !  A VERY AFFORDABLE COMPUTER 

AT A VERY AFFORDABLE PRlCC 

WWERFUL FULLV PROGRAMMABLE WlTH 2K OF MEMORV-WRTA- 
B L E - b I 9  r I MI lHCH UOOULE SINGLE KEY ENTRY COMMANDS- 
DURABLF M KEY MEMBRANE WPE KEYBOARD-ZBJA BASED F W R  
CHIP DESIGN-EDUCATIONAL-UNIQUE SYNTAX CHECK REPORT 
CODES FOR ERROR IDENTln  G W P H  DRAWING AND &HIMATED DIS- 
PUI-ACCURATE TO SIR OECIMAL PLACES FOn FULL RANGE MATH 
AND SClENTlflC FUNCTIONS- AT .iN AFFORDABLE PRICE 

WE CAHNOI TELL I W  THE MAKE OF THE COMPUTER BUT IT  WAS 

GET THEM WHILE THEY U S T  LlMlTED SUPPLY 

, g .!.I?. ' : : t * * $ 1 6 9 5  , / ' I (  ; , A , .  & )&C3.':a 1 4  95 
I?  '..F I ,  : .,.dl' ,NOW W7FUATlNG F<lH P A R ~ S I S ~ O  9 5  V A ' .  l & l  :OVER I'fi I'AllFF; $2 9 5  

See September IS04 Issue of 73 for TIMBKITY anicle 

ELECTRONIC Equipment? 
You'tl Find Then8 

an th. Nation's No. I 
Ebt ron ic  Shopper Mtqpzjne 

NUTS & VOLTS 
Now in O w  5th Y.ar 

Nuts & Volts is published MONTHLY and features: 

NEW STATE-OF-THE-ART PRODUCTS 
SURPLUS EQUIPMENT USED BARGAINS 

LOW COST AD RATES PRIVATE AND 
COMMERCIAL CLASSlFlEDS NATIONAL 
CIRCULATION NEW PRODUCT NEWS 
SECTION AND A FREE CLASSIFIED AD 

WITH YOUR SUBSCRIPTION 
SUBSCRIPTION RATES 

. . . . . . . . . . . . . . . .  One Year - 3rd Class Mail $10.00 
. . . . . . . . . . . . . .  One Year- IstClassMail.. .$15.00 

One Year - Canada & Mexico (in U.S. Funds) . . $18.00 
. . . . . . . . .  Lifetime - 3rd Class Mail (U.S. Only) $35.00 

ORDER NOW! 
SEND: CHECK MONEY ORDER 

VISA MASTERCARD 

TO: NUTS & VOLTS MAGAZINE 
P.O. BOX I I I I-H 

PLACENTIA, CALIFORNIA 92670 
(7 14) 632-772 1 

Name 

Address 

Clty 

State ZIP 

Card No. 

Exp. Date 

IF YOU'RE INTO ELECTRONICS, 
THIS MAGAZINE WILL SAVE YOU MONEY! 

Deakr Inquiries Invited rr 1W 
L 

CHIP BONANZA urrn~srpmeurnnr~r~nrru 
2 m  S l W U O R l O F O R S 9 m  
2116 128 U OR 10 FOR S20W 
ZIU u n  l o  F O R W W  

2 E 4  W W E A O R  1 0 F O R l u m  
21111 S ~ W  U O R  I O F O R ~ ~ ~  
WUl Y 95 U OR 10 FOR w W  
BBlO (REG %I 53 St95 U OR 10 SOR S18W 
WOB IREG 11995) fS% u ORIOFO. t 5 0 m  
Wl IHEG 18951 ~ 2 %  u OR 10 FOR $25m 
4116 I0ll)qulvaW"ll 
4 t Y  
XR ZI 1 (SPECIAL) 295 
TMSRaDILMCWP04PINLI  WITCWB . I8BIT W s 495 
TMSOs)(WL M l C W P R I  I 2 9 5  
TIM B001ANL MICROP CI O C I  GFN AN0 DRIVER 5(n 
TMS 9918ANL MICRO P COLOR GRIPHICS AND DlSPl AY S 9 9 %  
KEYWXROW41 I K E Y S M U S U W 4  r 10(HI TEXI - - - --A 
APPLE I4 and APPLE 11. COMPUTER 
~ r l ~ r a r ~ ~ s l l ~ l t ~  -la,m Caaaotte Software: 
Pore. l"0"l" c- am *""bard *pa 

' c.'r"a so"".ra 

rateby avatlabk &It 0, Wrlfe 
lor lasf s995 s'4951 

n.1'. 6prl.I PI*. I to! $3 95. 
Unll ar d e u n w  lmra l v l l l  - 3 I,, s l o g 5  8 for s j g 3  
alm r tasted ~n olur -l!~clotng to, s a w ,  to, 1 5 0 ~  

APPLE POWER a )st ".I m l c t  25 d l l k m t  css 

S U P P L I E S  $19 w WI!.~ (my chore) .I n la w m m * '  

HAL'S 
COMPUTER 
GOODIES 

T'r7W' 0"""' 
(reg m 9 5  mr s n 9 5  

CO~W ..ss.lt..~a... 
(b.lfev SZ? 95 .. M M 1 n d . d  
la 'OK RAM p r k s  $195 

10K RAM p.ck m u * ,  new 
13s 95 

18K RAM pack mMIYde. 
,e#u*~shw 118% 

RcA Tv Intartace cable 
$1 25 

D.., c.ssstte , n l ~ r a  
$2 YI 

NIComputsl prma srltch 
$3 95 

Y*RM W F O R U m W  ORDERS OVFA $25 WILL sL SHIPPED POSTPAID U C E P l  
OW lTEMS WHERL IODITIONAL CHARGES ARE REWFSTEDON OAMRS LESS THAN 
S25 PLEASE NCLUOE ADDaTIONAL S?W FOR W N G  A N 0  MAUNC CHARGES 
MlCHlGAk RESIDENTS A W  4% SALES IU SEN0 701 STAMP OR SASE FOR FREE 
FL T E I  C IHIDIAN ORDERS A M  S5W POSl4GE IN U S  FUNDS 

HAL-TRONIX, INC. 
P.O. BOX 1101 - DEPT. HR 
SOUTHGATE, MCH. 48195 "HAL" HAROLD C. NOWLAND 

PHONE (313) 285-1782 fl '40 w8ZX1-i 

VE Groups! 
Individual VEs! 
DEVRY 
Wants You!' 
Work with the VEC that was - and 
still is - one of the first (and best) in 
the VEC Program. 

Upgrading? An SASE will bring you 
DeVRY exam dates and locations by 
return mail. 

Call or write Jim Georgius, 
WgJUG, Director 

DNRY ARS VEC Program 

DeVRY Institute of Technology 
3300 North Campbell 
Chicago, I11 60618 
(3 12) 929-8500 f l  130 



Uncle Ben says ... 
"I give you 
much more than 
just the lowest price.. 
When you get that exciting new piece of 
equipment from me, you know you are 
going to be completely happy ... 
I see to it, personally! I also give 
you earliest delivery, greatest trade-in 
allowances, my friendly assistance 
in every possible way. 

"Uncle Ben" Snyder. W2SOH 1 

Just ask any of the many thousands of 
hams all over the world who have been 
enjoying my friendly good service 
for over a half a century. 73. Uncle Ben, 

- - 
"HAM HEADQUARTERS,  
USA""  . .S /nce  7925' 

CALL ME ... WRITE ME ... SEE ME ... 
At one of the world's largest 

I 
Ham Supply Centers! 

HAS THEM ALL! Kenwood TH21 AT, 31AT, 41AT 

30 Kenwood TS-940s 

More Details? CHECK - OFF Page 134 December 1985 127 



Ham Radio's guide to help you find your local I 
- 

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. 

California 
C & A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 800-421 -2258 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLAND, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-191 7 
Hours M-F 9-5:30, Sat. 9-3 

- - 

Not The Biqgest, But The Best - I 
Michigan Since 1965- 

FONTANA ELECTRONICS I Georgia 
ENCON PHOTOVOLTAICS I Corn~lete Photovoltaic S~stems 8628 SIERRA AVENUE 

FONTANA, CA 92335 
71 4-822-771 0 
71 4-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 
ICOM, Yaesu, Kenwood, KDK, Bird ... 
9AM-5:30PM 

2760'0 Schoolcraft ~ d .  * 

Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO JUN'S ELECTRONICS 

3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

We service what we sell. 

Hawaii Minnesota 
TNT RADIO SALES 
41 24 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (61 2) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher. Butternut, Icom, 
Kenwood 

HONOLULU ELECTRONICS 
819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Serving Hawaii & Pacific area for 53 
years. 

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. 

lllin ois 
ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

- -  - 

Missouri 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 82 1-7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. WILMINGTON, DE 19803 

(302) 478-2757 
Delaware's Friendliest Ham Store. 

Indiana 
THE HAM STATION 
220 N. FULTON AVE. 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30. Sat. 9-3 

- 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood. Santec. KDK. and more. I 
One mile bff 1-95, no sales tax. I Massachusetts 

New Jersey Florida James Millen Components by I ANTENNAS, 
16 HANSOM ROAD 
ANDOVER, MA01810 
61 7-475-7831 
Bezels, binding posts, capacitors, con- 
densers, chokes, coils, ceramics, H.V. 
connectors, plate caps, hardware 
knobs, dials, scopes and grid dippers. 
Inquire SASE or visit. 

KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301 ) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM. Lar- 
sen, Lunar, Astron. Wholesale - retail. 

AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

TOO! 
3r comde te details. 

YOU SHOULD BE HERE Dealers: c ontact Ham R ~ ~ Z O  now f~ 
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ARRL Q&A LICENSE MANUALS 
ALL LICENSE CLASSES NOW 
AVAILABLE! 
ARRL O&A License Manuals are keyed to the latest FCC 
Exam syllabi now in use by the Volunteer Examiners. 
These books are written in an easy-to-read converstional 
style that enhances understanding without scaring the stu- 
dent,away. All technical subject areas are explained in clear 
terminology and with plenty of illustrations, diagrams and 
schematics. Rules are also fully covered. Each book has 
the official ARRL multiple choice question Pool with 
answers and a key to the FCC Exam syllabus for reference 
to other study publications. These are the study guides to 
have. All books 01985 1st Edit~ons. 
I IAR-TG General Softbound $5.00 
l lAR-AG Advanced Softbound $5.00 
I IAR-EG Extra Softbound $5.00 

HR CODE TAPES 
Formerlv Kantronics Taoes 
These code tapes have'been des~gned by experts to help 
vou learn code Several different methods are ava~lable for 
HII classes of l~cense Transcripts enclosed for checking 
COPY, 
Gradlent Tapes. (Slowly lncreaslng In speed) 
I IKT-NG Nov~ce 4-9 WPM $6.95 
I IKT-GG General 7-15 WPM $6.95 
TIKT-EG Extra 13-23 WPM $6.95 
QSO Slmulatlon Tapes 
TIKT-0~01 7.5, 10, 13 & 15 WPM 1 hour $5.95 
I1KT-(IS02 7.5, 10. 13 & 15 WPM 1 hour $5.95 
UKT-as013 13 WPM 1 hour $5.95 

ANTENNA COMPENDIUM edited by ARRL Staff 
This book has more than 20 antenna articles that have 
never been published before. Subjects covered include: 
Ouads, Yagis, Phased Arrays. Log Periodics, Subsurface 
Antennas. "The Old Spruce Antenna", as well as discus- 
sons on Smith Charts, antenna design, the G5RV multi- 
band antenna and antenna polarlzatlon. Great summer 
reading and full of ideas for Fall '85 antenna projects. 
01985. 1st Edition. 
rlAR-AC Softbound $9.95 

AMECO STUDY GUIDES 
Designed for VEC Exams 
AMECOA Study Guides are taken from the FCC Amateur 
Exam syllabus. PR-1035 and have answers keyed to 
ARRL's recently released study material. These study 
guides are compatible with ARRL and all other VEC Exams. 
While nothing can guarantee that you will pass, AMECO 
Study Gu~des will make sure that you are fully prepared 
and ready to go when you sit down for the exam. Written 
in clear, concise, easy-to-read format, each question fully 
explained. Novice and General books cross referenced to 
AMECO's 102-01 for a more thorough explanation. 
U27-01 Novice Class Softbound $2.95 
r 112-01 General Class Softbound 54.95 
I 126-01 Advanced Class Softbound $4.95 
n17-01 Extra Class Softbound $4.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 
by Cpt. Paul H. Lee, USN (Rat.). N6PL 

This is the only book dedicated to the vertical antenna and 
will be of interest to all those using or looking to use the 
vertical design. Based upon the author's years of work 
with a number of different vertical antenna designs, you'll 
get plenty of theory and design ~nformation along with a 
number of practical construction ideas. Included are 
designs for simple 114 and 518-wave antennas as well as 
broadband and multi-element directional antennas. Paul Lee 
is an engineer and avid ham and is Amateur Radio's resi- 
dent expert on the vertical antenna. @)1984. 2nd edition. 
r1Ca-VAH Softbound $9.95 

COMPUTER WIMP 
BY John Bean 

"166 things I wish I had known before I bought my first 
computer." Based upon ten years of often frustrating ex- 
perience, thls light-hearted, text is designed to help you 
learn about computers and to make intelligent decisions 
about their purchase.,Author Bean first examlnes common 
pitfalls about purchasing a computer. He then examines 
warrantees, how to deal rationally with malfunctions, how to 
buy by mail, how to talk "technobabble" or computerese. 
how to avo~d computer phob~a, games, software plracy and 
much more. 1st Edition 285 pages -1983 
LITP-CW Softbound $9.95 

ANTENNA DESIGN go back and edit the entry. Super LO also allows you to 
This self-prompting program covers dipoles, Yagis, long print Out either selected contents or fae whole log. Will 
wires, rhombics, quads, loops, verticals and other anten- Print QSLs. 
nas. You simply enter the frequency you are designing an DHD-SL (For C-64) $19.95 
antenna for, the antenna you want to make, and the com- 
puter will give you all the initial design specifications you 
need. The results can be stored on disk for permanent 
retention. CONTEST LOG 
OHD-AD (For C-64) $9.95 This disk contains four different contest programs; ARRL 

Sweepstakes, Field Day. Universal WW Contest log, plus a 
dupe checking routine. Each program is designed for real 
tinie use. It automatically enters-date, time, band and 

PROPAGATION CHART 
serial number for each contact. A 24-hour clock is 
displayed at the top of the VDT screen When me contest 

Invaluable addition to any Hamshack. The Propagation is over, the program will print your results listin all duped 
Chart allows vou to determine the maximum usable fre- and scored contacts in serial seouence wlth all i e  
quenc (MuF~ and the optimum frequency (FOT) between necessary information as well aicompleted score at the 
vour ~ T H  and anv soot on the olobe. You can aet either a bottom of the oaae. 
screen display, adprinted tabulaylist over several days, or a DHD-CL (For C-6) $24.95 
gnnted graph of MUF and FOT. You also get automatic 
eam headlngs and distance to the DX station. Covers 

16010 meters and the new WARC bands. 
IIHD-PC (For C-64) MASTER LOG 

s16'95 Over three ears of development went Into this program. It 
creates a fiL of 2100 individual records with up to 13 dif- 
ferent entnes oer record. Master L w  can do a search and 

SUPER LOG 
select based upon time, frequency mode or an of the 
other variable ararneters. It keeps' track of D X ~ C  and WAS 

Super log gi"es you. al! the advantag~s of a computerized s h M .  p m t ~  &L labels and can search its whole file in 
data base wlthout slgn~ficantly changlng the traditional log less than 5 seconds! Complete documentation is included 
format. For contesters, Super Log can be configured to to help you learn and use this truely state-of-the-art logging 
either manually or automatically enter contact number as Program. 
well as time of contact. Make an error and you can easily OHD-ML $28.95 

COMMUNICATIONS SATELLITES 
by Larry Van Horn 

Here's the most exhaustive text ever written about com- 
munications satellites! Easy-to-read text along with plenty 
of pictures and illustrations make this new book a veritable 
gold mine of information. Nine chapters include: OSCAR. 
weather, domestic and international communications 
satellites. OBS, $.Dace shuttle. U.S. M i l i t a ~  and space 
surveillance systems and Soviet Space program. Also In- 
cluded are four aooendices on satellite freouencv cross 
references, satellite compendium, current gkostitionary 
satellites and a bibliography. Must reading for all satellite 
users. 01985 1st edition 216 pages. 
OGE-CS Softbound $12.95 

THE COMPLETE DX'ER 
by Bob Locher, WKNI  

DX'ing can be as simple as turning the radio on and 
searching across a band, or it can be hours spent studying 
propagation reports, sunspot figures and the DX newslet- 
ters looking for tidbits of information. The first part of the 
book is designed to teach the reader DX'ing fundamentals. 
Part two is for the "over 200 countries worked" operator 
and has plenty of handy tips, aids and ideas. Part three is 
full of more esoteric hints for the "over 300 countries 
worked" o erator. This book tells all and should be re- 
quired realng before anyone starts their quest for DXCC. 
Even if you don't care about DXCC. Bob's easy-to-read 
style of writing is most enjoyable reading. 01984, 1st 
ed~t~on. 
r 110-OX Softbound $10.95 

UNDERSTANDING DATA COMMUNICATIONS 
(Includes Packet Information) 
By 6. Friend, J.L. Flke, H.C. Bakar and J.C. Bellamy 
Covers basic concepts of data transmiss~on and reception. 
asvnchronous and svnchronous D ~ O ~ O C O ~ S ,  error control and 
nekorking data communications systems: Data terminals 
are fully discussed as are messa e and transmission ter- 
minals, modems and interfaces, Iber optics and satellite 
communications systems. Packet Networks and standards 
are covered wlth Information on X.25 swtchlng arch~tec- 
lure. 0 1984 1st edibon 272 pages. 

TI-UDC Softbound $14.95 

- COMPUTER 
COMPUTER PROGRAMS FOR THE RADIO 
AMATEUR 

by Wayna Overback, NBNB, and J b  Strfhn, KC6A 
Here's the best source book of computer programs for the 
Radio Amateur. Besides covering computer basics, this 
book gives you programs that will help you log, determine 
sunr~selsunset bmes, track the Moon's path across the 
sky, use Gre line propa ation and set up record systems 
for WAS. D&c and V U ~ C ,  or any other award. You can 
either buy the book alone or you can buy the book with 
the programs already on disk. Take full advantage of your 
computer with this well written source book. 01984, 1st 
edition, 327 pages. 

Program Llstlng 
Data Bass Mgmt. 
Logs, Awards Data Base, Gridlocator 
Latltud~LongItude P m g n m  
Data File. Beamheadings. DX Display, Sunrise Chart. 
Grevline. DX Checker 
contest and Duplng 
Du echecker. General Contest Logger. 
~ i e k  Day Logger, Sweepstakes Logger. Log Print 
Antenna Prognmr 
Antenna Scaler, Matching Evaluator. Vertical Pattern Plotter 
EM€ 
EME System Calculator. Sky Locator, Moontracker 

ow-0657 sonbwnd $17.95 
oHA-0657 book wlth program disk $29.95 

specify computer (see list below) 
OPmgram dlsk alone $19.95 

specify computer (see list below) 

Programs available for: Apple I1 (DOS 3.3), IBM PC-DOS. 
TRS80 Model I and Model Ill and Commodore C-64. 
Please mark your order with the program disk you want. 

Ham Radio has many other books in stock not shown here. 
Call or write today for your free catalog or to place an order. (603) 878-1441 8-4 EST - Please enclose $3.50 with y o u r  order to cover postage and handling. 



R r P l  MAILBOX MSO 
for Vic 20 and C-64 Computers 

Turns your Conimodore home computer Into a powerful. 
easy to-use mpssage handltng system Messa es can be 
stored, read or deleted by e~ther lncomtng RT8' signals or 
by uslng Ihe computer s keyboard Each message 1s llsted 
In a directory by flle name .along wlth date and time of 
messaqe tnltratlon The Bas~c/Assembly language software 
comblnes h~gh speed wlth user fr~endly lealures and fully 
controls your transmlner and recelver wlth automatic 
ldennf~cahon, an optlonal speclal messa e and automahc 
transmtsston of date and tlme durrng M!D use You can 
also use lhls pro ram to operate d~rect RTW and M) 67. 
75 or 1W wpm f?audot or 110 baud ASCII Vlc 20 needs 
24k of memory to use thls program 
VCCP Use with AEA CPI Interlace & equw $79.95 
VC-MF Use wlth MFJ Interlace & equw $79.95 
VC-KT Use wlm Kantronlcs lntetface & equlv $89 95 

RF NOTES by John SI~OIU. W~MM 
Here's an easy wa to el answers lor onen asked ekc- 
tronics questions. i~ NSTES contains programs written by 
RF consulhng engineers that answer: dB conve!Son. to 
convert voltage, current or power levels to dB: dBm con- 
versrons. converts voltages or power levels to dBm and 
dBm to voltage or power. VSWR calculations, calculates 
VSWR and return loss when both reflected and Incident 
powers are known: F~ller deugn. 14 dlnerent filter conligur- 
atlons including schematics (6 low pass. 4 high pass. 2 
band pass and 2 band ellmination clrcults); Bauc Mrcro- 
srnp and bas~c slnp I'ne deugn; and resonant cfrcats. 
des~gn parallel and senes resonant circuits. PI, capactive 
Impedance dlvider and lnducttve lmpedence dlvider This 
dlsk IS an tnvaluable reference lor all Rad~o Amateurs 
Graphlcs cards requtred 
E-RF (IBM PC only) Monochrome Monitor $59.95 
E-AFC (IBM PC only) Color Monitor $54.95 

CONTENDER II LOGGING DATABASE 
(Commodore C-M) 
Th~s Commodore 6-64 program wlll meet lust about every 
logglng need you can lmaglne It can be used as a contest 
loq qeneral loq or dupe checker and can be used lor all 
band WAS WAZ or DXCC The storage dlsk holds up lo 
2 000 exchanges and can be edlted and updated slmply 
and eas~ly Each entry contams callstgn, slgnal reports. 
automattc or manually entered tlme and date band and 
mode as well as name and OTH Contender wlll also pnnt 
OSL s mall labels and contest dupe sheets The Contender 
USA CA (three dlsks) IS a Worked All County data base 
that saves tlme and hassle and a tremendous amaunt 01 
oaoerwork . . 
I I CT-C Basic Contender (C-64) 1 disk $34.95 
I I CT-CUSA Contender Plus USA-CA (C&) 3 disks $49.95 

PACKET RADIO THRU SOFTWARE 
AX.25 Pmtocol 

You can get on Packet Radio two ways. One is with a 
sophisticated "black box." The other is by making your 
computer act like a "black box" by pro ramming it In a 
htgh level machine language code. W4U!H has wnnen a 
machlne language program lor the Radlo Shack TRS-80 
Models 1. 3 and 4 computer (Model 4 works with Model 3 
d~sk whlle In Model 3 mode). Th~s book has twelve chap- 
ters plus seven appendlces that take you step by step 
through the process ol sentng your computer to Arst con- 
vert the dlgltal ~nlormatlon Into a useable formal and then 
to decode the lnformatlon ' 19&1 3rd edlhon 
I IRE-AX Sonbwnd $21.95 
I IRE-MI Model 1 OW SZ9.00 

No Documentahon ~ncluded 
I IRE-MIII Model Ill 6 4 Olrk $29.1 

No Documentat~on Included 
I IRE-BD special bwk and dirk $49.95 

ISoecltv d~sk Mod I or Mod 1111 

COMPUTERIZED DX EDGE. 
Generals p u r  own Gmyllne dlrplq. 
Xantek has adapted thelr besl selllng DX Edge to me com- 
puter world and 11 comes at a very reasonable pnce Thls 
computerized operating atd brlngs Into your ham shack the 
ablltty to know and predtct when and where DX IS golng to 
appear When you are using the program the computer 
will automallcally update the lnlormatlon as the sun pro 
gresses across the lare 01 the Eanh To make the com- 
putertzed DX Edge even easler to use the d~splay IS keyed 
to the DXCC llst and the 40 CD zones Dlsk and documen- 
tahon are lust $34 95 Thts IS something you ve Got to 
have' 1985 

X N C M  (For Commodore C-64)  34.95 

AEA MORSE UNIVERSITY 
Contams . C &I code tralnlng carlndge software package 

(no d~sk or cassene necesssary) . ARRL's Tune In The World Wth Ham Radro 
Great NEW way to study lor your Nov~ce Llcensel 

Thts brand new package contalns all one needs to learn the 
code and theory lor the Nov~ce class Radlo Amateur exam 
Baslc code 1s taught uslng a character by character teach 
tng routlne Practlce can be elther with lndlv~dual IeIIerS or 
In groups of up to nlne characters Prolc~ency ~sdevploped 
through pracbce sesstons thal can be progressively 
speeded up dunng the sesslon, elther random characters 
or live lener groups Farnsworth (h~gh s eed characters. 
slow spactng) or slow speed sendlnq A ~ A  has tncorported 
a v ~ d w  game lo make the code learnlng process even 
more fun You can also enter text from the keyboard lor 

customized prachce sesslons or as an example ol how 
code should sound An analysts routlne IS ~ncluded so that 
the computer can check one s progress In learnlng the 
code ARRL Tune In The Worn booklet wlll glve you all 
you need to know to pass the Nov~ce theory and regula. 
ttons Exam Great state 01 the art teachlng devtce Sure to 
be a ~ I I  mls fall Get one now I t s  a great holtday season 
",nt . ~ .  , . 3.... 

ham i IAEA.MU (For C64) m.05 
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market 
NEW VLF2 kHz-500 kHz) products by KIRGO. L-1018 VLF con- 
vener, L-201 VLF broadband prean~plifier, L-400 VLF active 
antenna and more. Wr~te for free catalog. LF Engineering Co.. 
17 Jeffry Road, East Haven. CT 06!i12. 

WISCONSIN: The annual Midwintm Swapfest. Saturday. Janu- 
ary 11, at the Waukesha County Expo Center Forum at 8 AM. 
Admission $2.00 advance; $3.00 at door. 4' tables $3.00 advance; 
$4.00 at door. Dealers welcome. Sponsored by the West Allis 
Radio Amateur Club. For tickets or information write WARAC 
SWAPFEST, PO Box 1072, Milwaukee. WI 53M1. Please SASE. TR-7 USERS: NB-7 Noise blanker (new) $65.00 ppd. HS~75 

headset (padded) new $14.00 ppd. SL-300. SL-500 CW filter 
$55.00 ea. ppd. K3UKW. Tony Musero 12151 271 8898. 

OPERATING EVENTS IMRA, International Mission Radio Association helps mission- 
aries. Equ~pment loaned. Weekday net, 14 280 MHz, 2-3 PM 
Eastern. Eight hundred Amateurs in 40 countrtes. Brother Frey. 
1 Pryer Manor Road, Larchmont. New York 10538. "Things to do.. ." 

RATES Noncommercial ads 100 per word; 
commercial ads 60c per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

ELECTRON TUBES: Receiving, transminlng, microwave ... all 
typesavailable. Large stock. Next day delivery, most cases. Daily 
Electronics. PO Box 5029. Compton, CA 09224 1213) 774-1255. 

21st annual Telephone Ploneer QSO Party The John D. 
Burlie Chapter invites all Telephone Pioneer Amateur Radio O w -  
aton in the U.S. and Canada to participate in contacting as many 
members as possible in as many different chapters. ITPA mem- 
bers are also invited to participate. 1900 UTC Saturday, Decem- 
ber 7 to 0500 UTC. Monday, December 9. Exchange conctact 
number and chapter number. (ITPA Club or Chapter name]. 
Return log sheets via PAR Coordinator. Send logs no later than 
January 15, 1986 to Ted Phelps. W8TP. c/o John D. Burlie 
Chapter 89, Telephone Pioneers of America, 6200 East Broad 
Street, Columbus, OH 43213. 

THE CONCORD BRASSPOUNDERS will operate WlOC to 
commemorate Christa McCauliffe's "First Teacher in Space" 
fl~ght. 13002 Saturday to 12582 Sunday during the f im weekend 
following the launch of the space shunle with Christa aboard. 
Anticipated launch date January 22. For 8-112 x 11 certificate 
please SASE to WlOC. PO Box 2214, Concord, NH 03301. 

CUSTOM MADE embro~dered oatches. Anv slze. sha~e. colors. 
Flve patch mnn mum Free sample, prlces and ordering ~rlforma- 
toon Heln Spec~alt~es. Inc . Dept 301. 4202 N Drake. Chcago. HAMFESTS Sponsored by non-profit or- 

ganizations r e c e i v e  one f r e e  Flea M a r k e t  ad 
(subject to our editing) on a space available 
basis only. R e p e a t  ~nsertions o f  h a m f e s t  ads 
pay t h e  non-commercial rate. 

IL 60618 
-. 

CX7 REPAIRS. 415 549-9210 

RTTV-EXCLUSIVELY for the Anlateur Telepr~nt~r One year 
$10 00 Beyonrners RTTY Handboor 38 00 PO Box RY. Cardiff 
CA 92007 

C O P Y  No special layout o r  arrangements 
available. Material should be typewritten o r  

clearly printed (not all capitals) and must in- 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held responsible for claims made. Liability for 
correctness o f  material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
m o n t h .  

-- ~- 

TRSBO Model IIIIIIIV owners. HF antenna design program cal- 
culated dimensions for d~pole. Yagi, and quad antennas. $14 95 
lcassenel + $2.00 sbh to Cynwyn. Dept H. 4791 Broadway. 
Suite 2F. New York. NY 10034. 

Farmlngton. Malne: The members of the Sandy River ARC 
will operate the Chester N. Greenwood memorial station to honor 
the inventor of the Earmuff. 17032 December M to 23592 
December 22, 10 kHz up from lower edges of General bands 
160-10 meters. QSL and large SASE to KAlCNG via Callbook. 

OLD RADIO transcription discs wanted Any size, speed. 
WFIZ. Box 724 HR. Redmond. WA 98073-0724. 

RUBBER STAMPS: 3 lines 54.50 PPD. Send check or MO to 
G.L. Pierce. 5521 B~rkdale Way. San Diego. CA 92117. SASE 
brings information. 

NEW PACKET RADIO PROGRAM for IBM PC's. A telecom 
program for interfacing your PC with your packet controller. Spe- 
cial functions for GLB's. 5 page scrolling screen with cursor 
control. Two types Binary File Transfers. 3339@3Xps. Keyboard 
Macros. 50 page manual. Split screens. Windows1 Much more. 
NON COPY PROTECTED. 549.95 + $3.00 shipping and han- 
dling. Kalt & Associates. Suite 138, 2440 E. Tudor Rd.. 
Anchorage. AK 99507. 1907) 248-0133. Write for more info. 

-. 

PRINTED CIRCUIT BOARDS and kits for QST articles. Call 
or wrlte for information. AbA Engineering, 7970 Orchid Drive. 
Buena Park, CA 906M. 17141 521-4160. 

AZORES RADIO AMATEURS call prefix wlth 
to CU effective on December 1, 1985. 

change from CTZ 

CHARGE 
YOUR CLASSIFIED ADS 

to your 
MC or VISA 
write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1441 

SEND MATERIAL TO: Flea Market. Ham 
Radio, Greenville, N. H. 03048. 

FREE 3 month subscription Send callslgn to Westlink Repon- 
H12. 28221 Stanley CouR. Canyon Countrv. CA 91351 New 
only1 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter. 2697 Nickel. San Pablo. CA 94806. 

BUILD a Cornouter-Aided-Des~aned 6dB aain stacked vertical 
THE GOOD SAM HAMS Invite RV operators to check in the 
Good Sam Ham net 14.240 t Sundays 19002 also 3.880 + Tues- 
days at 23592. Net control NSBDN, Clarksville. IN. 

- -. 

& t r & c t e n a i 2  meter antennaior less thin $50 00 uslng hard 
ware store mater~als Send $5 00 tor deta~led plans and pans 
lhst WD40OC. John De Armond 1'0 Box 3657. Cleveland. TN 
3731 1 p~ 

SCHEMATIC: Radio rece~vers 192U's/Ws. Send brand name, 
model No.. SASE. Scaramella. PO Box 1. Woonsocket. RI 
02895-0001. 

FREE CUSTOM BUMPER STICKER when you buy three at 
$2.50 each 1Different messaass okav). Call. name, favorite fre- 
quency, rig, car, anything. 13characiers. 2 line man. Order now 
for Christmas1 Alvin Koffman. 9:MS 550W. Columbus. IN 
47201. 1812) 342-6740. 

-- 
WANTED ANY CONDITION WWVIWWVB receivers made by 
Specific Products, kinimetrics or pens, manuals, etc. Gil Barber, 
POB 31654, Aurora. CO W 1 .  

BACK ISSUES OST. 73. Ham Radio Stamp for list. Koepke, 
6 Katherine Rd.. Albany. NY 12205. 

WANTED: Regency XU000 transceiver or new 10 channel 
148- 162 MHz or Wilson WH2510 PO Box 929. Blacksburg, VA 
24060-0929. (7031 382-4458. 

CABLE N CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in U.S. Jerrold, Hamlin. Zenith-many others. 
Lowest dealer prices. Orders shipped w~thin 24 hours! Complete 
~llunrated catalog $2.a). Pacific Cable Co., Inc.. 7325-1 12 Reseda 
Blvd, -1007, Reseda. CA 91335. 18181 716-5914. 

ANYONE INTERESTED in starting a rag chew net on 6 meter 
FM simplex. 52.660 in San Diego County. San Diego North 
County and beyondl B. Kirschner. WBOYCQ. 266 Carissa Drive. 
Oceanside. CA 92056. 

a,-- '.? 

/ ' ,  E'mRY 
COMMODORE HAM 
NEEDS A COMPANION1 

, ( 1 <y'- JIM GPUBBS. KPEL 
d -ib 

the author d Command Port. -Wmm Rudlo and 
to me woria ~ y n  mmuug announas 

lge C0YUOM)RE HAXS COMPANION 

MCLUDES 
Over 80 sources lor Commodore amateur radIo 5011 
ware and hardware 
A blbllography 01 over 60 magazine artlcles and 
reviews about using Commodore machlnes in the 
ham shack 
HOW to u e  your Commodore computer to loln the 
pocket radlo revolutlon 
Where to llnd spectallzed programs lor such INngs as 
slow scan lelevislon salelllle tracking and more 
HOW lo realiza a dramatic Increase In speed Wthoul 
learning macNne language programming 
Why the commodore machines are Ihe easlesl lo 
interlace 

14 chapten / i ~ p a w  -baa 

Rice: 515.95 + $3.50 .hlpplng and handling 

H A M  RADIO'S  BOOKSTORE 
Greenville, NH 03048 

COMING EVENTS 
Activities - "Places to go . . ." Foreign Subscription Agents 

for Ham Radio Magazine 
nam Radc Aurlrl.9 
Karl" Ueber 

Canada 
Send orders to 

POSlbch 2454 warn Radm Magame 
0 7650 Loerrach Greenvllle NH 03048 USA 
West Germany ~rsces $n Canadoan lunar 
Ham Radlo Belglum I yr $29 95 2 yrr $53 30 
Stereohouse 

3 yrr $75 40 

BrurseloeBeenweg 416 
8 9218 Gent 
Belgwm Ham Radlo Italy 

Ham Radio Holland "la Pordenone 57 

P03lbuS 413 120132 Mllaoo 
NL 78M Ar Emmen lhaly 

Holland 
Ham Radlo Europe 
Box 2084 Ham Radlo Sw~lzerland 
S 194 02 Uppland~ Varby Karl" Ueber 
Sweden POSII~C~ 2454 

0 78% LOBfrsCh 
Ham  adl lo France West Germany 
SM Eleclron8c 
20 ba l u e  des Clarlons 
F 89WO Auxerte 
France €"gland 

cio R S G B 
Ham Radm Germany alma House 
Karm Ueber Cranbarne Road 
Pwllaeh 2454 Pollers Bar 
D 7854 Loerrach Hens EN6 U W  
Wesl Gelmany England 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the Mlt Radii Society offer monthk Ham Exams. Novice through 
Extra. Wednesday, December 18. 7 PM, MIT room 1.134, 77 
Mass. Ave. Cambr~dge, MA. Reservations requested 2 days in 
advance. Contact Ron Hoffmann at 16171 253-51120/646-1641. 
Exam fee 54.00. Bring copy of current license. two forms of pic- 
ture ID and completed form 610 ~lvailable from FCC in Boston 
1223-6609). 

-- 
VIRGINIA: The ninth annual Richmond Frostfest, sponsored by 
Richmond Amateur Telecommunications Society, Sunday, 
January 12. Virginia State Fairgrounds. 830 AM to 3:30 PM. 
General admission $4.00. Flea market speces $4.a): with 8' table 
$8.00. Dealerlexhibitors bwths available. All ~ndaors. No out- 
side tailgating. Deadline for booths and reserved flea market 
spaces December 31. Buildings open Saturday for satup. VEC 
exam on Saturday. Write Richmond Frostfest. PO box 1070. 
Richmond, VA WOB or call Bill Scruggs, NODDM 18WI 
272-8206. 

SOUTH BEND, INDIANA: Hamfest Swap b Shop. January 5 
Ifast Sunday aher New Year's Dnyl Century Center downtown 
on US 33 onewav North between St Joseph Bank Bulld~ng and 
river. Industrial hlstow museum iri same building. Carpeted half 
acre ioom. Open tabies $1 per it. Four lane highwa;s to door 
from all directions. Talk in ireq: 52-52, 99-39, 93-33, 68-09. 
145.29. 
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1 HF ANTENNAS - 

' by John Haerle, WB511R 

; ..'. 1;. . This book has been published . . , . . , , . , as a mernor~al to 
WBSIIR's work as 

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 

More Details? CHECK-OFF Page 134 

terminology. baluns, ground systems. l~ghtnlng prolecl~on. 
The Basrc Antenna, the d~pole. the zepp. G5RV. W~ndom. 
Specral Antennas, the sloper. DDRR. Beverage, folded 
un~pole. Beams. WBJK. Yagi, two element quad, and the 
160 meter band story. John's writing IS in an easy-to- 
understand conversational style and is full of examples 
and handy tips and hints. There are no drawings or illus- 
trations but John's prose paints plctures for clear and 
complete understanding of the information be~ng 
presented. 1984 1st Edition. 

I 1JH-AT Softbound $1 1.95 
Please add $3.50 for shipping and handl~ng. 

ham 
radi~-,..;l~~~ C.HrFNvll l f NH oln48 BOOKSTORE ( 6 0 3 )  R I B  l J 4 1  

I 
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FOR W E  RADIO AIvIAmI 

BIGGER 
AND 

BETTER 
THAN 
EVER! 

The ARRL 1986 Hondhook.forthe RadioA n~ateurtakes over where the 1985 Edition left 
off. Each of the 40 chapters has had some revision, and there are  more than 500 new or 
revised figures. The new edition will contain 1184 pages- way up from last year'scountof 
1024. Many key chapters with "hot" topics among today's radio amateurs have been 
completely revised and rewritten. In fact the new material represents 532 text pages. 

An understanding of digital electronics is a must these days since such circuitry has so 
many practical applications in station control, frequency synthesis, telemetry, word pro- 
cessing and other information-handling systems. The Digital Basics chapter will help you 
to understand what is going on in everything from simple keyers to sophisticated micro- 
computers. Packet-radio enthusiasts will find the most up-to-date information available in 
the Digital Communications chapter. There a re  new sections on data interfacing and 
modems, 50 new and revised figures, plus an expanded bibliography and glossary. 

The Special Modulation Techniques chapter has the latest on spread-spectrum. On the 
fun side, we've added a new section on remote control of model aircraft and vehicles. 

On the practical side, you will find many of the 27 new projects described in October 
&ST. There are new power amplifiers for 1.8, 50, 144 and 1296 MHz, plus preamplifiers 
and transverters for the VHF/UHF enthusiast. The new digital PEP Wattmeter - SWR 
Calculator will be one of the most popular projects. 

We've only scratched the surface in describing what is the standard manual of RF 
communication. Over 5.7 million copiesof The Handbook have been published in 63 editions 
since 1926. The new edition is must reading for today's radio amateur! 
L 

The 1986Handbook is available now. Paperbound prices are $18.00 in the U.S., $19.00 
in Canada and elsewhere. Cloth prices are $27.00 in the U.S. and $29.00 elsewhere. Prices 
in U.S. funds. Foreign remittance should be in the form of an international money order 
or a check drawn on a bank account in the U.S. 

- 



THINGS TO LOOK FOR 
(AND LOOK OUT FOR) 
IN A PHONE PATCH 

One year warranty. 
*A patch should work wlth 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 flexlble. 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 WT. 
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 imrned- 
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 

Nith an amazingly low price, the all new PRIVATE PATCH 111 is the mosi 
mwerful personal phone patch system available. You can use il 
;irnplex, repeater aided simplex (from your base) or semi-duplex (at the 
.epeater). That's right, you will never have to buy another patch 
'RIVATE PATCH Ill does it all! There are many new and irnportani 
'eatures which were formerly only available in our top commercial 
nodels. 
Mth a flick of the new connect switch you can patch your Mends on the repeater intc 
he phone system. One of them may need to report an emergency! 
Jo hassles wlth busy signals! If you call a number that Is busy, just put your MIC down 
and relax. PRIVATE PATCH Ill will disconnect automatically. 
h e  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 oi 
:ourse your CW ID chip is free. 
JRIVATE PATCH Ill does not interfere with the normal use of your base radio. A neu 
audio preamp permits audio take off before the VOL control. As a result, the VOL and 
;quelch settings do not affect patch operation. Of course you can also connecl 
'RIVATE PATCH Ill to the MIC and EXT speaker jacks as before. 
A new digit countlng system makes the toll restrict positive even in areas where you dc 
rot have to dial "I" first. A secret five digit code disables the toll restrict for one toll call. 
+arm 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 - 
Iigital fast VOX (pat. pend.) - 115 VAC supply - Modular Jack and cord plug 
nuch more! 
Nhy settle for a starter set? PRIVATE PATCH Ill provides you wlth commercial quality 
~ninterrupted (cellular like) mobile telephone communications 24 hours a day. Send fol 
)ur four page brochure today for complete details. 

DEALERS 
lptions: AMATEUR ELECTRONIC SUPPLY Y- ELECTRONICS WPPLI 

F C  approved coupler M~lwaukea WI. WIC~~II I~B oh, noua~on. TX OllandD F L  Clarrwaler FL, - RILWO-CORP, 12 VDC or 230 VAC power LBs VWPS NV Mlamn FL 
MRRY ELECTRONICS CORP. 

New Yon. NY 

COLES COYYUNlWTYM 
Ft Lllu(*l=Jale. M imI  FL 

Ssn Antonlo TX N M  W I R l W T l l M  CORP. 

EOL INC. 
Mlms FL 

WmdbMge, VA PACE ELHllNEElMa 

ERICKSON COYYUUICIllDW T n ~ ~ ~ ~  
Chcago IL 

HAW RADIO OLTLEl Eransnlle IN 
Anahelm CA. B w l l ~ a m  CA. TDUS TOW39 
Oakland CA. PMsnlr AZ Aano. TX 
San Dlego CA. Van N w  W 

HENRY RADIO R3WlnW.k. MN 
Los Angeles CA .- . WESTCOM 

P IWTERNATIONAL lUdlO S.n Mercoa. C* 
\j- t ?  . ,~ .. . . . -. .. SYSTEMS 

M~arn,. FL W A D *  

JUNS ELECTRONICS W L U R D  EUXTWNIX 
Cu141 Ctlv CA V ~ n m u r a .  8C 

CONNECT 
(21 3) 3736803 

v m  
SYSTEMS 

INCORPORATED 23731 Madison St., Torrance, CA 90505 



Why buy a low-power thumbwheel 
HT when Yaesu's high-power hand- 
helds are ava~lable for virtually the 
same price? 

Ours give you 2.5 watts RF output 
r~ght off the shelt O r  3.7 watts w ~ t h  
the optional FNB-4 battery pack. 

Ours come with a hi/low power 
switch. A relative s~gnal strength/PO 
meter with ntghtlight. And built-in 
VOX capabil~ty (Optional headset 
required.) 

Plus ours offer options like a 
DTMF keypad. And a plug-in sub 
audible tone board with both encode 
and decode capability 

And thanks to our unlque rvbot~c 
assembly of surface mount com- 
ponents, ~t's all enclosed in a I~ght- 
weight and compact case, measuring 
just 2.6 x 1.4 x 6.1 ~nches. 

Choose from three models: 
the FT-203R for 2 meters, the FT-703R 
for 440 MHz. and the FT-103R for 
220 MHz. 

As standard equipment you get 
a rechargeable battery AC wall 
charget: rubber duck, earphone. belt 
c l~p and soft case. 

Plus a wealth of optional acces- 
sories. Including a hst charger VOX 
headset with boom mic. Moblle 

rad~o hanger Speaker n~ctophorit 
DC car adapter And much more 

So don t settle for low power 
in a thumbwheel HT 

Go w ~ t h  Yaesu The best way to 
get more power for your dollar 

Yaesu Electronics Corporation 
i t  I '  t I r ' 1 . '  
(213) 63 4-400/ 

YIaeru Cincinnati Service Center 



Power-Full.. .70 Watts! 
Sophisticated FM transceivers 
Kenwood sets the pace again! 
The all-new "25-Series" brings the 
industry's first compact 70-watt 
2-meter FM mobile transceiver. 
There is even an auto dialer which 
stores 15 telephone numbers! There 
are three power versions to choose 
from: The TM-2570A 70-watt model, 
theTM-2550A for 45-watts, and 
the 25-watt TM-2530A. 

First 70 watt FM n ~ o b ~ l e  (TM-2570A) 
First mob~le transceiver wlth tele- 
phone number memory and auto- 
dialer (up to 15 telephone numbers) 
Dlrect keyboard entry of frequency 

-Automat~c repeater offset select~on 
accord~ng to the ARRL 2-meter band 
plan -a Kenwood exclusive! 
Extended frequency coverage 
for MARS and CAP (142-149 MHz. 
141-151 MHz modlflable) 
23 channel memory for offset, 
frequency and sub-tone 
BIQ multi-color LCD and back-llt 
controls for excellent vls~blllty 

Front panel prograrnniable 38-tone 
CTCSS c?l'~coder includes 97.4 Hz 
(optional) 
16-key DTMFpad, wlth aud~ble rnon~to! 
Center-stop tunlng - another 
Kenwood exclusive! 
Frequency lock swllch 
New 5-v~ay adjustable mount tn~ 
sys11:m 

*Unique 3ffset nilcrophone connector 
relieves stress on microphone cord 

I Large ht.;itstnk wlth bull l-~n cooling 
fan r IM-2570A) I 

HIILOW Power swltch (adjustable 
LOW powtv  
Compact DIN slze 

Introducing ... 
Digital Channel Link 

Cunipallble wlth Kenwood's DCS 
(Dlgltr~l Code, Sf j~~elch),  the DCL system 
enables your rlq to automatically OSY 
lo an open channel Idow ycu Lan auto- 
nial~cnlly swltcti over lo a simplex 
channel afer repeater contact1 Here's 
how ~t 

The 
work 
DCL for an 

L I I oDen charin~l ,  remembers I[, returns 
to the 
contro 

and 
3the1 

transn 
, DCL- 

Optional Accessur~es .pS-50! ,1  : .  .., - . ; I , . '  r 11 . '  . . ' I . ' .  Actual size front panel 
-TU-7 . ! i j~ ! f~r .  Ll(::;S titir.i~ltlrr MC-60A/MC-80/MC-85 c l ~ . \ C  1 1 1 ,  :, 

MU-1 UCI ~riiidc~rii on11 MC-48 I,VII;, I *  11,Il .11,. : ~ ~ ! l i  UPiDVJI\I SWIIC~ 
*VS-1 VCIILC: synIti~s17er MC-42s I!~"I)v~I.~ ~ I I .  

PG-2K extra DC cable MC-55 18 pin1 rni~li~l.;~ mlc wllh I ~ n l r ~ m ~ l  Il!~ier 
PG-3A DC line notse filter SP-40 r:ornpa I ni 1: 81lc~ ,;[~?nbl-r 
ME-10 extra ri ioh~le t~ ro f :k r l  SP-50 rnnhtle ;pt..~kc%t 
CD-10 1-811 sign display SW-200AISW-200E SWR/i,owi>r rni,lers 

KENWOD 
TRIO-KENWOOD COMMUNICATIONS 

PS-430 IDC ~~owcr supply for SW-lOOA/SW-lOOE icornpnc I SWli/r)owrr mrlrrs ,? ;,,,,! ,,,,!! 

i l,l-:Y~I,OA/2530A .SWT-1 :'!!I , I I I ~ ~ ~ ! I ! I , I  Io!nl7r ( : u n l I 1 r l  I .,I.I . ' I  I " f , . ' ? ' ~  
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