


KOM HAS ALL YOUR 
BASES COVERED 

ICOM has your winning line-up for fixed, portable, 220MHz. The 25-watt out ut IC-375A receives 216.0- 
and mobile operations on today's hottest amateur bands. 236.OMHz, transmits 2 2 0 . 0 - f 2 5 . 0 ~ ~ z ,  and includes AC 
Slide into the winner's circle with ICOM's deluxe "75" supply. A genuine masterpiece! 
series transceivers, with a team committed to excellence 
from VHF to UHF communications. Each compact all- 440MHz. Enjoy top-notch 430.0-450.OMHz operation wil 
mode unit delivers maxifnum performance,reliability. the 25-watt IC-475A featuring AC supply, or go high 
and ease of operation. It s a championsh~hIin~-up! ~ o w e r  using the 75-watt, AC/DC:powered IC-475H 

All "75" series transceivers are an F er s dream . super rig. 
tunable memories, four scan modes, odd 

compatibility, scanning mic and 
Input. SSB/OSCAR delights Join the fun of sunspot 

include dual VFOs, s with the superb 10-watt IC-575P 
IF notch, noise blan 56MHz, transmits 28-29.7MHz, an1 
CW break-in. The g , and includes AC supply. The 
units provide.ult,imate 75A, a true superstar! 
mobil~ng f l ex~b~l~ ty .  

ICOM HAS ALL YOUR 
SUPER SCANNING BASES COVERED! Mec 
Monitor all of today's thc unbeatal~le line-up 
action with four scan of ICOM equipment at 
ning modes: spectrum, your local ICOM 
programmable, mode, dealer. 
and mqmory. Scans 99 
memorles ~n f ~ v e  seconds! IC-475UH IC-375A 

440MHz Transceivers 220MHz Transceiver 
2 METERS. ICOM'S 25-watt 
IC-275A VHF leader receives 
138.0-174.OMHz including the ublic 1 

ICOM 
ICOM America, Inc. 

service, marine, and weather ands, 2380-116th Ave. N E.. Bellevue. WA 98004 

and transmits 140.1-150.OMHz. In- Customer Servlce Hotline (206) 454-7619 
31 50 Prern~er Dr~ve. Su~te 126. Irvlng. TX 75063 

cludes AC supply. The IC-275H is 12- 1777 Phoen~x Parkway. Su~te 201. Atlanta. GA 3031 

volt DC-powered, produces 100 watts output, ICOM CANADA. A D ~ v ~ s ~ o n  of ICOM Arnerlca. InC.. 
3071 - tl5 Road, Unlt 9. R~chrnond. B.C. V6X 2T4 

and will operate with external AC supply. 2 Meter Transce~vers A I I  stated spec~lcat~ons areapprox~ma~e and sublectlochan 

Two of ICOM's heavy hitters! w~lhout nollct. or obl!gatlon All ICOM radlos s~gn~l~cantly 
exceed FCC regulat~ons I~m~ttngspur~ousem!ssoos BAll87 
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THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 

Initiate phone calls from your HT or mobile 
Receive incoming phone calls 

~ J E V V !  Telephone initiated control. . . 
Operate your base station with complete control from any telephone 

,/ Change frequencies from the controlling telephone 
,/ Selectively call mobiles using regenerated D T ~ F  from any telephone 
,/ Eavesdrop the channel from any telephone 
,/ Use as a wire remote using ordinary dial up lines and a 

speaker phone as a control head. 

) DIAL ACCESS REMOTE/INTERCONNECT t 
& Private Patch IF * . *--94. 
D l M F  CDS C(IU DlsC .-.w 

6 
' C o ~ ~ r r r  Snrsrr. IN, PT F R  

The new telephone initiated control ,, : NEW FEATURE 
capabilities are awesome. Imagine 

full use and full control Of ,, ' *  1, or n L l l ! l  c : l q i t  ~ n n r l c i i t r i ! l s ~ . n l 1 .  
your base station radio operating 
straight simplex Or through any re- ,, r p ~ ~ ' u l ( ? l ; . t f i c j  l i ] ( ) ( %  ( 1 1 , 1 1 ~ ~ 1 ~ : )  

peater from any telephone! From . Pulse i,l,r l l . iq 
your desk at the office, from a pay . I)r,., , iGi, phone, from a hotel room, etc. You 
can even change the operating . S v c r r ' !  t o l l  r ! i ( !?  C O ~ ! "  

channel from the touchpad! B~isv  :.iclrl :I !! i c:onrl'ii I 

,, Qlnl !c ,no r l i t - ( ' ~ n f ~ c . l  
Our digital VOX processor flips your . CV,, Itlrr,tl,lrci 
conversation back and forth fully . v,ly tlr,lrr 
automatically. There are no buttons 
to press as in phone remote T I ~ T W O U ! ~ I ~ ~ ~ ~ ' !  

devices. ~~d you are in full control ,, T r ~ l f ~ p t l o r l '  I r l l ' l  i l b . , l  ~ : c ~ l i f l o ~  

100% of the time! ,, R o ~ r ; r , p r ; i ! ~ , j  ' j TMF  \'>II.; < J l I l l l O  

The new digjtal dialtone detector ' R"l'l"l~' 

will automatically disconnect pri- ,, H ~ r t q u u !  u r  A1.1.p 4nc,v~:'"1 1 " r1'10: 

vate patch IV if you forget to send # . 8":;~ (.! l ;un.' l  ~ 1 1 " r ) l I l  l " l l ! ~ l !  

(to remotely disconnect) before ,- S l . ! !~ i s  Vl: '~':,?i im.'- 

hanging up. This powerful feature ,, l ~ i t r ! r r ~ ~ l l l v  X~LI:,I( h ~ - ~ ~ l  , I L I L J I ~ '  

will prevent embarassing lock-ups. MOV I I O ~ ~ I I ~ I I ~ ~ J  ~ ~ r o l ~ ~ ~ ~ l i ~ . ~ l ~  

-rhe importance of telephone in- ,, F IL~>I~ I  [ ~ ; l i l ~ : l  <.'::!tl!7 l h , ?  7 

itiated control for emergency or ,, S o ~ ; i r , I l ?  ':\"d 13 I P ~ J ~ ' ~  r O l l ! r ~ ~ l  

Connects t o  MIC and ext. 
speaker jack on any radio. Or 
connect internally i f  desired. 
Can be connected to any HT. 
(Even those with a two wire inter- 
face.) 
Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera- 
tion. 
20 minutes typical connect time 
Made in U.S.A. 

OPTlONS 
1. % second electronic voice delay 
2. FCC registered coupler 
3. CW ID chip 

disastercommunicationscannot be ,, ;?.I SI~~IICII I I~ , I~ , [ !  ,111 t ~ - 8 a t ~ r ~ ~ ~ ~ ,  
overstated. Private Patch IV gives L I W ~  p r ~ ~ q ~ ~ ~ ~ ~ r ~ ~ , ! t , ~ r ~ ~ : ; i ~ l ~ - ~ c : t ~ ~ t ~ ~ ~ ~ ~  

CONNECT SYSTEMS INC. 
you full useof theradiosystem from 23731 Madison St. 
any telephone. And of course you Torrance CA 90505 
have full use of the telephone Phone: (21 3) 373-6803 
system from any mobile or HT! 
T~ get the complete story on the AMATEUR ELECTRONIC SUPPLY HENRY RADIO OMNl ELECTRONICS 

Milwaukee WI. W8ckldfle OH. LOS Angeles CA Laredo TX 

powerful new Private Patch IV con- ~;~ ;d , " ,~$N~rwa le 'FL~  INTERNATIONAL RADIO SYSTEMS PACE ENGINEERING 
Mlaml FL Tucson A2 tact your dealer or CSI to receive BARRY ELECTRONIC~CORP. JUNS 

New York N Y  THE HAM STATION 
your free four page brochure. EGE. IW. Culver CIIY CA Evar~sv~lle IN 

Woodbridge VA MADISON ELECTRONICS SUPPLY WESTCOM 
Houslon TX San Marcos CA 

Private Patch IV will be 'Our ERICKWN COMMUNICATIONS MIAMI RADIO CENTER CORP, CANADA: 
important investment in commun- Chlcago IL Miam, FL CARTEL ELECTRONIC 

HAM RADIO OUTLET MIKES ELECTRONICS DISTRIBUTORS ications. Anahelm CA. Burllngarne CA F1 Lauderdale. Mlamv FL S ~ r r l . ~  0 C 
Oakland CA. Phoennx AZ 
San D~eqo CA. van ~ u v s  CA. NLG COM-WEST RADIO SYSTEMS. LTD. 

/ 190 Mlaml FL Vancouver B C 
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7'' "DX-citing. 
An Compact h oh nerf ,rrr ~ A n c e  HF ' ranScPIver  TS-L-4- c?, a djustable dial torque 

with q e n e r ?  c o l r c r  m r  r ~ c e l v e r  10 memory channels 
F r ~ o u e n ~ v  and mode mav be stored In 

Kenwood's advanced digital know-how 
brings Amateurs world-wide "big-rig" 
performance in a compact package. We 
call ~t "D~gital DX-clternentn-that special 
teellng you get every tlme you turn the 
power on1 

6.1 \I1 Amateur bands 
C,c.r~er,jl (overage recelvpr tune5 frorn 
I00  HI 30 MH7 Ens~ly rnod~fred lor 
HF MARS opernlton 
Dlrect keyboard entry of frequency 

Str(~rr!o, IF( "vPr i i vn?m~r  rnnqe 
Kenwood DynaM~x" h~gh senstt~vlty dtrect 
mlxlng systeni ensures lrue 102 dB recetver 
dynam~c rnngp (500Hz bandwldthon20m) 
l f ~ n  ci~,+v r r I., trnnsmlttPr 
Super enrclerit cooltng permlts continuous 
key-down for per~ods exceed~ng one hour 
RF Input riowc,r 1s rated at 200 W PEP on 
SSB. 200 W DC on CW AFSK. FM. and 110 
W DC AM (Tt~e PS 50 power supply 1s 
needed lor cont~nuous duty ) 

10 g;oupLof 10 channels knch. Spl~t fre- 
quenctes may be stored In 10 channels 
for repeater operatton 
TU-8 CTCSS unit (optional) 
Sublone 1s memorized when TU-8 1s installed. 
Superb interference reduction 
IF shlft. tuneable notch filler, nolse blanker, 
all-mode squelch. RF attenuator. RITIXIT. 
and opt~onal lllters f~ght ORM. 
MC-43s UP/DOWN rnic. included 
Cornptrter Interface port 

All modes built-in n r  5 IF filter functions 
USB. LSB. CW. AM. FM. Dual SSB IF filtering 
and AFSK. Mode A bull!-~n SSB f~lter 1s 
selectton 1s ver~fled ~n standard. When an 
Morse Code. opt~onal SSB filter 
Built-in automatic (YK-88s or YK-88SN) IS 

antenna tuner ~nstalled, dual flllertng 
(optional) 1s provtded. 
Covers 80-10 mete VOX. full or semi 
VS-1 voice synthe- break-~n CW 
suer (optional) AMTOR compatible 

A I I I r I 1 0  8 111 rill . AT~250 exlernal auto luner i l t i O  111 1 0  r r l r  
AT-I30 cornpact moblle antenna tunrr (160 m -  

10 rnl a IF-737CIIC-10 level translator and modem 
IC k ~ l  . PS.50 heavy duly power supply . PS 4301 
PS-30 DC power supply SP~430 ~ x t e r r i ~ l l  
speaker MR~430 moblle mourltlng hrackel 

YK-fiRCIRt3CN 500 Hr1270 H7 CW Itlters - YK-8RSI 
BRSN 7 4 kHrll.8 kHz SSB l~llers . MC-60AIR0185 
desk m~crophones . MC-55 (RPI rnob~le nltcru 
phone. hS-51617 headphones * SP-40150R 
mob~le speakers MA-5IVP 1 HF 5 band m~>t)tlP 
Ilel~,:.rl antenna and bumper nloonl TL-977A 
7 kw PEP llnf!ar i~niplrt~~r . SM~I??O still~nri riiorlllot . V S  I volce synlhes17er . SW 100Al20OA17000 
SWR/r)ow~r melers . TU 8 CTCSS lon~! unll . PG 2S cxlra DC rablP 

, ,..11,,,r,. . , , , t . t ,  , a ,  ,,,t>~,',l,, ,,,,, ,i";,,l'lt,lP rr~r,,ll 
KENWOOD U.S.A. CORPORATION 

hi.,,;t, ti,l :r,ir~,,it.f; .1,1i1 , r l r i \ r  ,~rcr.\\r,rnp( 7701 L Oorn1ngtr~7 St. Long Beach.CA90810 
.,,,,.;.I,, ,,, ,,., :. ,,,,I,,,, , .,,,,,. .8,~,,r.,,,,,,r,,,,,y, w,l~ir,,,l PO. BOX 77745. Long Bench. CA 90801-5745 
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Help Wanted - Apply Within 

Over 5 years ago, Rally Dennis was invited to Ham 
Radio for a job interview. I was immediately comfort- 
able upon meeting him and felt his addition to Ham 
Radio's staff would be a perfect meld of personalities 
- and I was correct in my assumption. We have , 

worked well together over the last few years and en- 
joyed our association. Working as a team, our adver- 
tising sales have been good; Rally deserves credit for 
200% of the success. Truthfully, he has forgotten 
more about ad sales than many of us will ever know 
and he is a true master at his craft. 

He has decided, however, to slow down a bit as he 
approaches his 70th birthday. Effective December 31, 
he will semi-retire from Ham Radio and become an 
independent advertising sales consultant for the maga- 
zine. This will allow him the best of both worlds. No 
more shows or early morning flights from Boston's 
Logan Airport - no need to hurry to work every day. 
Time can be spent on his auctioneering, Game Pre- 
serve Museum, and antique business. But Rally will 
stay in touch with his friends in the Amateur Radio 
business working out of our office and his home about 
five days per month. 

One project that becomes imperative is to find a new 
person to fill Rally's shoes. If you have a sales or mar- 
keting background and would be interested in discuss- 

ing the position as advertising salesperson, please send 
us a resume and other information of interest about 
yourself. Working at Ham Radio has plenty to offer. 
The virtues of living and working in southern New 
Hampshire are almost too numerous to mention. Suf- 
fice to say - we're not fighting traffic jams as we drive 
home at night. Centrally located to the ocean, Bos- 
ton, and the mountains, Southern New Hampshire has 
something for almost everyone. 

Drop a note and your resume in the mail and we'll 
see about getting together for an interview to discuss 
this exciting opportunity. It's not too many jobs that 
require you to go to the Dayton Hamvention, all ex- 
penses paid, every year! 

J. Craig Clark, Jr., N IACH 
Assistant Publisher 

4 n February 1988 P 



trnn:,<.r~~vr~r w l i ' l  qrzl i l~r. l l  
covefnclr receiver. L<i'cc!~ver 

Competition class COV~?IS 150 ~ H L - ~ O  MHZ. AII 

HF transceiver rnodes hu~ll-rr~: AM. FM. CW. FSK. 

TS-940s-the standard o f  
performance by which al l  
other transceivers are judged. 

keybo;~rd ~npul of frecluency: 
flywheel type maln lltnlng knoh 
w~ lh  op l~c i~ l  encoder fnechan~sm 
all coniti~nf: lo make Ihe TS-940s 

glow with superlatives, and 
the field-proven performance AF tune operation One-touch freqt~ency clieck 
shows that the TS-940s is  .The AF T U N L  f ~ n c t t c n  I P ~ U C ~ S  (T-F SET) during spllt 
"The Number One Rated HF ~nl~rIe,lnq smgnais and wnlle n06e ooerations. 
Transceiver!" Unique LCD sub display indi- 

F~rs t  with a full one-year 

conlrol. programmable band 
~n parts pe r  million! scnri or 40 channel memory scan. 

Optional accessories, cryslnl osc~ll;~lor * h.l(.~43S UPiDOWN hand 
AT 940 full rang? 1160-10nrI n~rlomnllc mlc. MC-6OA. MC-EO. MC-85 del~rxe hnse 

anlrnria luner SP-940 rxlern;al s~e;rker slal~on ni~cs. PI:-1A k)hnnr [IRICII TL-922A 
wllli aud~c, frller~ng YG-455C~1 (500 Hz). I ~ n ~ n r  anipltl~r?~ SM ?;I0 slallon rnon~lor 

KENWOD 
YG J55CN-1(?50 H/l.YK-8RC~l (500 biz) CW . BS-8 pan t l l ~ l ~ l k~y  'SW-700A;lnd SW~2000 KENWOOD U.S.A. CORPORATION 
~IIIF.IS: YK.88A-1 16  HI) AM l~ller *VS-1 vnrce SWR and IJower rnetl*rs IF-237ClIF-10B 2201 F Dom~nguer SI.. Long Rf?ach,CA90810 
sy1ilhes17f.r SO-l lerri~)er;il~~re r:ornl~ens;llrd compl~lrr 1nler1;l~:c. PO. Box 22745, Lorig Bcach. CA 90801~5745 
i t , I . , : ~ I r . l r ~  \ t2r~ i , - l~ ! l l , l l io ,11! .  I I I P  , 1 1 ~ . l 1 l . i l i l ~ ~  l i l t  ,111 K ( ~ l l i ( . ( i i ~ l  I r , a r l \ i ' ( ~ i ~ ( ~ ~ . ~  ,+!~il (110\I ,a# I 6 '.'.0111 i 

5,"" ,I,, ,,li,i,l~, Ik'.,l,,i, ", .,II111,,11f~~,.il,~ \,,ll,l.l I l l , < ' l l , l i l l , , ~ i ~ i l l l i l l , l l l < l l l ~ ' ~ ~ l ~ ~ l i I 1 l l ~ , , i l l l ~ l ~  



REFLECTIONS 

RETURNING THE SPECTRUM TO CHAOS ... Courtesy of the FCC 
In the early years of wireless, radio communication was at best a chancy, chaotic business. Broadly-tuned spark-generated 

signals, received on primitive, unselective receivers, forced operators to wait for a break in the QRM to pass traffic or 
add their signal to the bedlam in hopes that the intended recipient would pick it up. 

In the last 80 years, improved technology and international cooperation have brought order to the radio spectrum. With 
few exceptions, millions of transmitters in different services operate harmoniously under domestic and international regu- 
lations on designated frequencies or bands throughout the spectrum. 

It now appears the FCC wants to turn back the clock - at least in the United States - and return much of the radio 
spectrum to its chaotic origins. In its recent Notice of Proposed Rule Making - General Docket 87-389 - the FCC pro- 
poses expanded use of unlicensed rf-emitting devices over most of the radio spectrum "without restriction as to band- 
width, duty cycle, modulation technique or application ..." as long as their emissions do not exceed specified limits! 

From 1.705-30 MHz, "Intentional Radiators" could generate signals measuring 30 pV1meter at a distance of 30 meters 
with NO radiation limitation for non-digital "Unintentional Radiators". The change in VHFIUHF limits to  100 pV/meter 
from 30-88 MHz, 150 SP6mV/meter from 88-216 MHz, 200 pvlmeter from 216-960 MHz, and 500 pvlmeter above 960 
MHz, all measured at 3 meters, is minimal. 

Radio Amateurs would need an S9 signal to break through the rf bedlam on 10 to 160 meters. Because VHFJUHF 
band (signal) limits are already high, the effect won't be as pronounced. But similar problems would eventually occur 
since this proposal encourages expanding the uses of unlicensed rf generators. Any repeater without CTCSS access might 
be keyed up continuously and the hand-held range could become severely limited. 

This eventual spectrum deterioration would affect more than the Amateur Radio community. All land mobile (police, 
fire) services, plus paging and radio-relayed telephones, would soon find themselves fighting their way through a cacaphony 
of rf noise. Even the U.S. military, AM, FM, and TV broadcasting, won't escape the havoc this proposal will bring. If 
your neighbors think your infrequent incursions into their TV viewing are a problem now, wait until they encounter prolifer- 
ating unlicensed rf generation! 

The proposal has some restrictions. A few narrow ORM-free slots would be reserved for radio astronomy, maritime 
distress, and navigational aids. Most VHF and UHF aircraft bands would be off limits to unlicensed operations, along 
with a couple of VHF federal land mobile bands. But for the rest of us, it'll be a problem. 

This proposal applies to "Part 15" devices - intentional radiators (unlicensed low-power transmitters) like garage door 
openers, wireless microphones, and cordless telephones, and unintentional radiators (electronic devices) like computers, 
TV receivers, cable TV equipment, and VCRs which also emit some rf radiation. Over the years, the rules governing oper- 
ation of these devices have been piecemeal, complex, confusing, and contradictory. This NPRM attempts to simplify 
and broaden Part 15 regulations without, the FCC believes, causing undue interference to existing services. 

The Commission announced General Docket 87-389 in September with a comment due date of December 4 - too 
late for Amateur publications to review the proposal, its band-by-band summary and errata sheets, and relay the informa- 
tion to their readers with enough response time. Fortunately, organizations like ARRL and ANARC (Association of North 
American Radio Clubs), a SWLIscanner-user group, realized its importance and petitioned the Commission for an exten- 
sion which was granted to March 7, 1988. 

To tell the FCC of your opposition, file a written comment emphasizing the certainty of crippling interference to most 
established radio services. In his Comments filed before the original deadline, George Jacobs, W3ASK, noted that the 
internationally recommended signal-to-noise ratio for shortwave broadcast reception is 27 dB. The FCC's proposed inter- 
ference levels would demand 672 microvolts from international broadcasters. But, Jacobs said, overseas broadcast 
signals generally run 150 to 500 @V. Radio amateurs are now communicating with a few microvolts. 

Ask what demonstrated need there is for proliferation of such devices throughout the radio frequency spectrum. If 
a variety of frequencies for Part 15 devices is necessary, why not set aside specific frequencies or bands for them as 
was done with industrial, scientific and medical bands. 

Point out that current techniques allow excellent frequency control and easy, economical transmission of large amounts 
of data in relatively narrow bandwidths. Why then, must so much spectrum be accessible to Part 15 use? Why shouldn't 
proper shielding be required to reduce Part 15 unintentional radiation to acceptable levels? Why should the licensed users 
of the spectrum be forced to carry the burden for poorly designed and manufactured consumer goods? 

You'll probably think of more arguments to include with your Comments on General Docket 87-389, but whatever points 
you choose to emphasize, be sure the FCC knows how strongly you oppose it! 

How do get your Comments to the FCC? 
Type "Comments - General Docket 87-389" at the top of an 8-112 x 11 sheet of paper, state your argument, 

and end with your complete name, callsign, and address. If using more than one page, be sure to put the page 
number, your name, and the Docket number on each. Send i t  to Mr. William J.  Tricarico, Secretary, Federal 
Communications Commission, 1919 M. Street, NW, Room 222, Washington, D.C. 20554 - preferably with the 
original and 11 copies (one for each commissioner). If you don't have access to a copier, your single submission 
will still make a difference. 

Remember, we must fight this proposal. Your comments must reach the Commission before March 7, so why 
not start writing now? 

Joe Schroeder, W9JUV 

6 February 1988 



Here% One foryou! 
I\( p i  A , / !  3 f . - !  p, , f-". .d 

/-,,; 4! - 4  / i:' L ' i -  ./ m ! ,,,, 

2 m and 70 cm FbP conpact TM-221C r e i e ~ v r ~ s  from 133- Packet radio conipatiblel 

mobile transceivers 1-'3.Q?!; V M z .  T 11. inclodes the 1.1 tu l l - funct~on memory channels 
weattier c l i ;?nn~~ls!  Transni~t range store frequency, repeater offset, 

The all-new TM-2214 TM-321A and 144.148 MHz, Modifiable for MARS sub-tone frequenc~es, and repeater 
TM-421A FM transceivers represent and CAP operation, ( M ~ R S  or c A p  reverse ~nformat~on. Repeater offset 
the in Amateur perrn~t requ~red.) rsprr,,,ra,mrir go;,r,~r~re~,, on 2 m is automatically selected. 
radio equipment. The superior Ken- 10, A,,,;~~~,,I htlrlri II~,. i,rl~v I There are two channels for "odd 
wood GaAs FETfront end receiver; s Tq~-:,21P, co!~cr.; ?:0-23*1.?Q5 I\flHz. spill- 0per;tllon. 
reliable and clean RF amplifier cir- i l l p  'rqo-,?:?I s c,,vors r . . 'n- , !n~~.oss . ~ ~ ~ ~ ~ ~ ~ ~ , , , b i ~  b;3nd scanning, 
cuits, and new features all add up h.PL!z. hnemory scan with m ~ m o r y  
to an outstanding value for mobile * ",.riIt-in frnn! p:r !~I  selection of 313 c9nnnrl  lock-out 
FM stations! The optional RC-10 CTCSS :onc,c. TSU-5 programmable Super compact: 
handset/control unit is an exciting decoder optlonal. approx. 1-112"Hx5-1/2"Wx7"D. 
new accessory that will increase c S~rnnliser: $-go'  o.?nel con?rols blew amber LCD display. 
your mobile operating enjoyment! makes operating a snap1 hAicrophone test function on low . ::4- . orr.>,,-rl . , .  A 16 kev C 7 V "  h. rid mlc.. niic. lir)ok. POWPI.. 

2.5 \h', -'!" Tr,r.,! ' : A  :'lp L~s{.  ~5 i n  ! P ,  I I 4 b l ~ q t i  ~ ( j a l l t v ,  top-mounted speaker. 
V l  iO cm rno9ilc' All three models c;1'1!+ :nriur:rc! Fioiqq~.~! (!I--cast C ~ ~ S S I S  anC' 
have adjustable 5 W low power. e t / , ~ n \ v n ~ ?  n,tn-* r;l,?:il~ nr~ornt~ncr / i ~ ; 1 t  s ~ n k .  

S Y S ? ? ' ~ .  All furirt~ons renialn ~ntncl 
even when I~ th~um battery 

controller RC-10 1s spec~ally 
des~gned for rnob~le convenlence 
and safety. All front panel controls 
(except DC power and RF output 
select~on) are controllable from the 
RC-10. One RC-10 can be attached 
to two transce~vers wlth the opt~onal 
PC;-4G c a h l ~ .  When hnth trans- 
celvers are connected to the RC-10. 
cross band, full duplex repeater 
oper;lt~on IS posslt~lc i A  control 
operator IS needed f 

c RC-10 ' , ' . : I  ..,I!, 1 1 . .  I , . , , 1  . I  I, 1 ,  :. , r > : r  ! I , !  I!\;, ' . (  : ! ~ l l : t ~ , ~ ~ l ~ ' ~ ~ ! ~ ~ ' ~  1'8"SWT-2 (-,lfll~~i3,! - - 4  1 I ,  I I 1 1 .  11.1 ;':'I& ,'L I I I  , , r , l v r l r i  L IL~,-,P, t ?  ) 8  I \hl 1 ' 1  1'1 ' SP-40 (:(~~II 
11.' l :1 . \  11111 ~ ~ t l l i l ~ r  , I~~Y.III, in . PS-50lPS-430 II,,, 1 t i ~ o l ~ t l ~ ,  , i ~ ~ v : j k , , ~  - SP-5OB P . l ~ ~ l > ~ l e ~  ~ ~ ~ ~ ~ . ~ l k ! ~ f  
[ , I - 5  ! 1 1  ( I : ;  PG-2N I XI!.! [ I ( .  :1111.. PG-3B I)C I l r i r .  r l i ) I % r  

i I W O O A  ( I \ 1 1 1  11lIb.1 ' MC-60A. MC-80. MC-85 !~.I<P ~,I;lll~ln mlr i 

n,#.fi,r 1 1  ii 1 I l\!ll 1:l . SW-100B (20rnl,:ij 1 S\Yl? MC-55 i H  ~"O I  I . '  * 1 ' 1 1 c  I I ~  ~ 1 1 1 1  ~ ~ ' ~ , i * ' f ~ t v  k ;~!lrl 
~ v t ; ~ ~ r ~ v o l l  ,11c>Ir,r il.10 .!,,CI l.Ili:l SW-200A!,\nJ14 1111 1 .  ( 1 1 1  11111~.1 ' MA-4000 [)II,II 11 .1 t l : l  r l ~ l l i ' f l n R  wlltl 

i,rc!-.t rni.lrjf 118 l f , O  MIIII SW-2OOB'.\'dl{ ~ , . w v r  it~l~lvu~.t III,~III~I I 1 ,.I I I ~ I I ~ - ~ I  * ME-201 1 x11.1 
KENWOOD 

I., .If,,,:,.. . I ,  I,,,, 18, r .  ,,!,,f.f I I<# ,',,,$,,,,,, ,,,tll~,l,,f ,,,,I,<, ,>l,lt,!,,ltrz!: ! ? , , , , ,  . ,,., 
i , , .,,,,!,. , ...,, , O , I , , , , , , , !  , , - P . , , , . ,  <I,,!,!, ~ , ~ ~ , , l l ~ , ~ ~ ~ , . , , ~ ~ ~ , r f r , , ~ , ~ . #  ,,,,,.,, ,,,,<i,",,,,!,,, , c , . ,  ,!,,., 

KENWOOD U.S.A. CORPORATION 
2701 1 .  [ Ion~~nq~~f??  SI.. Long Reactl.CA 90RlO 
PO Hou 73745. Long Reach. CA 90801-5745 



.flt,dgrd ~uc.alhar rnapson uour prfnrer. MF J multi-mode OIIlrr intrrrsting FAX p i r t ~ ~ r r s r a n a l s n  
b r  prinlrd - -  s ~ r c h  a s  sornr n rws  
ohotoernohs from wirr srrvirrs.  - .  

Any Epson graphirs rompatihle 
prir11i.r will print a wraith ofintrresting 

Automatic svnr  and stoo Irts vou srt , ~~~ - i t  and Ic.;rvt. i t  f(;r no hasslr p r i n ~ i ; ~ g .  

I m M I X D  A YJ WULII-MODE DATA C O N T D M L E l  
You can savr  FAX pir lurrs  and 

rorrulr. I.lrn. a WEFAX maps to disk if  your trrminal 
program Irts you savr  ASCII filrs to disk. 

Pictures and maps r a n  hrpr inred lo 
) . m e  sert.c2rl ir l  rc2crl lirnc.or from disk on IBM 

,-, ..- "om, ur, ,rrr anti rnninatihlrs with the MFJ- I284 ~... . . - Startc.r liark. 
MFJ shatters the 6 mode barrier and the price barrier You ritn transmit FAX picturrs 

off disk and havr fun rxchanging and with the MFJ-1278 and gives you . . . Packet, RTTY, rollrc.tingthrnl. 
ASCII, CW, WEFAX, SSTV and Contest Memory Keyer slow Scan TV . . . 7 digital modes.. . for an affordable $249.95  he MFJ-1278 introdurrs vnu to the 

rxciling worltl o f s l (~w scan TV. 
Amateur radio's newest multi-modr baud. You m n  copy no1 only a m a l e u r  You'll not only rnjoy rrcelving 

data controllrr - -  the  MFJ-1278 -- Iels you HT7.Y bur a l s i , p r ~ ~ s s .  ~ o e a r h e r a n d o r h e r  pi"turrs from thollsandsofSSTVersal l~ 
jnin th r  fun on  Parker. HTTY. ASCII. excillng lrql/lc. ovrr-thr-world htrl you can send your 
CW. Weathrr FAX. SSTV and  givrs you a A high pcrfi)rniance modem lets you Own picturrs  l o  thrrn ,  loo. 
full fcaturrd Contest Memory Kryrr ropy hot h mark and space for greatly Yourarl print slow s ran  TV pirtureson 
modr . . . yoir grt 7 niodrs . . . for an  Inlprovrd ropv llndrradvrrsp rondi(inns. any EPs(ln graPIlirs compatihlr Printer. If 
affordable $249.95. I t  r v r n  [racks sligl~tly drifting signals. vou havr an  IRM I'C or ronipatible you 

Plus you get high performance HFIVHFI You r a n  transmit hot h narrow and :.an print tosc.r(.i.n in near rral t imr or 
CW modems. sofiwarr srlrctablr dual shifts, widr is a standard f r ~ m d i s k \ v i t h  thr  MFJ-1284StartrrPack. 
radio ports. precision tuning indicator. 850 Hz sllift  wilh niark/sparc lonrsof You can transmit slow scan pictures 
32K RAM. AC powrr supply ant1 morr. 2 12512975 Hz. This lels qou opc2rale right off disk - -  therr ' s  no n r r d  to srt up  

Youll find i t  I he  mosl u s r r  friertdlyqr MARS nnrl s~tcridnrd  lib- F M  HTTI'. lights and a camera for a casual contact. 
a l l  rneilli-modes. I t ' smrnu driven for ease You grt ht h th r  Amrriran Wcstrrn You can savr  slow scan pirtureson disk 
ofusr  artd command drivrn forspred. Union and thr  intrrnational CClTT from ovc.r-t hr-air QSOs i f  your terminal 

A high resolution 2 0  LED tuning ~ ~ t ~ ~ t ~ ~ ~  br rlnatt,=nd,-d profiran1 lrts you sa\'r ASCII files. 
lnclirator lets you rune In signals fast in rc3crp(iorl and sr l r r tahlr  "Diddle". The MFJ- 1278 transmitsand receives 
a n y  r ~ ~ o d e .  All you have to do is to c.rriter A rrcrivr NormallHrverse software 8.5. 12.24. and 36srcond hlackand white 
a sin& LED and you'reprecisely Irtned switch c.linlin;rtrs rrtllningand unshift. format SSWpir tu rcsus ing  twole\'?ls. 
111 lo u~i lhln I 0  Hz -- and it shows you On-Spar-r rrrit 11.1.s rrrors u n d ~ r  pnor Contest Memory Keyer 
which way to tunr! rrrriving ror~riitions. Nothing bra t s  thc  qtrlck rc.sponse?fa 

All you need to join the fun is a n  ASCII rntwtrlr~) kcyer dtirfng n h ra lc~d  conlesl. 
MFJ.1278. your rig and any romputrr  You r a n  ~ransni i t  and rereivr 7 bit You'll scorr \'aluahlr contrst points by 
will1 a serial port and  terminal program. ASCII using llr samr shifts and speeds roniplrting QSOs so I;ist you'll leave your 

You r a n  use the MFJ Starter Pack lo as i n  [hr ~1- l -y  nlodr atid using the  same rorn~wtition I)c.t~ind. And you r a n  snag 
get on theair  instantly. I t  includes lligll prrforniancr 1i1odrm. You also get '"re I)X by slil)l)ing in so qllirkly you'll 
computer intrrfacing cablr. terminal Alctoslart and sr l r r tablr  "Diddle". catch cvcryonr hy surprisr.  
softwarr and  friendly instructions. . . CW You get iambic oprration with dot- 
everything you nerd to grt on tlir air fast. dash mrmorirs.  srlf-completing dots and 
Order MFJ-1282 (disk)lMFJ-1283 Itapr) You get a Morse Inode dashrs and ,jamproof sparing.  
for the C-641128 and VIC-20 or  MFJ- 1284 lha i  lets you srnd prrkct CW Message mrmories youstore (.ontest 
for tlir IRM or compatiblr. $19.95 ra rh .  frOnl WPM- including prosigns RS.I.. ~ l . 1  1 ,  rig in(<) .. evrrything you 

Packet -- it's tailor-m;~clr for traffic handlrrs. used t o  rcyrat ovrr and over. You'll save A h u m  typf. ahcad buffer lrts you send pr,,ious inlr and more QSOs, Packet gives you l h e  and most sninntli CW evrn i f  you "hunt and prck". You gc,t serial 
rrliahlr rrror;frre communications of You can store rntlre QSOs in t he 
any amateur digital mode. nurnhrring. In a contest i t  can make the mrssagr  rnrniorirs, i f  you wanted to! 

With MF,J's super lhe You r;ln link and reprat any rnessagrs for difff.rrnrr h r twr rn  winning and losing. 
stanclard - -  the TAPR TNC-2 -- you grt automalie C Q ~  and hraconing. ~~~~~~i~~ A Wright rOntrOl l r t sYou  Prnetrate 
genuine TAPR soffwarclhardwarr plus also work i n  ~ ~ - 1 - y  and ASCII modrs. RUM wit11 a distinc-tivr signal or Irtsjtour 
tnr~rc - -  not a "work-a-like" imitation. A lone Mndrrlntrd CW modelurns  transmittrr s rnd  prrfrct sounding CW. 

Extensive t rs ts  published in Packt'l w ~ , r ~ " g  iinoa , - w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  for More Features 
Rrrdio Magaz1nel"HF Modrm Perform- , l r w ~ l l n  mnclt., prrrc.rt for Turn on your MFJ- 1278 and it  se ts  
a n w  Comparisons") provr the TAI'H trnrismiIting c.odr practirr over VHF FM. i tsr l f to  mat rh  vourromputrr  baud rate. 
drsignrd modem used in the MFJ- 1278 An AFSK CW mode lets you ID in CW. Srlrct your opvrating modr and ~ h r  
givrs br t t r r  ropy with proper DCD ~h~ (.w re.rri\,e lets you copy rorrrr t  modrm is automatically selected. 
oprration under all tested conditions frorii I 10 149 WPM. Evrn with sloppy fists Plus..  . Printing in all modrs. 
than th r  othrr  modrms  tested. vo~t ' l l  bc. surprisrd at tht. ropy you'll get thrrshold control lor v a ~ i n g  band 

Hardware DCDgivesyou moreQSOs kil h its powrrful built-in software. conditions. lunr-trp roninlatid. lithium 
bec:lust. you get rrliablecarrierdet(>ction you grt a random genrrator baltrrv barkup. RS-232 and TTL level 
unclrr husy. noisy or weak conditions. tliat'll t1rI11 you ropy CW faster. srrial ports, watch dog IImrr. FSK and 

A hardware HDIX gives you full Weather FAX AFSK o ~ ~ t p u t s ,  output Irvrl control. 
duplrx operation for satellite work or for sprakerjack for h ) l h  radio ports. test and 
us r  a s  a full duplex digipcater. And. i t  You'll hcfnsc.ir~a(t,d as !)nu ~ u a l c h  r;llihralion software. Z-8Oat 4 .9  MHz. 32K 
nlakt.s p,ssiblr speeds i n  t.xress o f 5 6 ~  WEFAX siqrrnls blossom inloftrll EI'IIOM. anti w r k r t r d  ICs. FCC approved. 
baud wilh a suitable rxternal modem. 

MFJ 
9x11/2x9'/2inchrs. 12VDCor 1 IOVAC. 

Good news for SYSOPs! Nrw software Grt yours today and join Ihr  fun rrowc'! 
lets t tir MFJ- 1278 prrform flawlessly a s  a 
BfOHI.IIWA7MBL bullrtin board TNC. FOR YOUR NEAREST DEALER 

Baudot RTTY or to order call toll free 
You r a n  copv all shifts and all MFJ ENTERPRISES. INC. 

stantlard sperds  including 170.425 and Hox 49.1. \ l i s  S~;rti.. M S  39762 800-647-1800 
ROO liz shifts and spt.rds from 4 5  to 300 601-:%23.5Uli!l Telex: 5:%-4590 MFJSTKV One Year Unconditional Guarantee 

MFJ . . . making quality affordable 
8 n February 1988 fl 189 



1 
ments 

or built-up units that I can find are 
10-12 years old. 1 know there are new 
300-600W FETs. I can't seem to find 
any design material, kits, parts, or 
built-up units. If you have any pend- 

cover 
Dear HR: 

The front page graphic, depicting 
Ham Radio in the December issue, 
was indeed a superb masterpiece. 

That alone, is more than enough to 
keep a "honest-to-goodness" ham 
solidly attached to your fine magazine. 
The remaining contents, strictly a 
generous bonus. 

Ray Ziminski, KPKC 
East Meadow, New York 11554 

wanted: hf amplifier 
Dear HR: 

In regards to the comment made by 
W7WRQ in the December 1987 issue 
of HR-he is correct. An SCR-270 
radar unit was used and if I remember 
two antenna bays were used instead 
of the usual one. I worked on the com- 
posite tests on Sandy Hook, New Jer- 
sey in 1941 to get them ready for Pearl 
Harbor. I never knew that it was a 
problem to get "high powered" hf 
transmitters going in the '30s. They 
were on SSB also! While I did have a 
Collins transmitter with an intermittant 
cold solder joint that I had a heck of 
a time finding, Art Collins was an out- 
standing ham and Orr's article should 
be well received. 

I am interested in a solid-state 500- 
IOOOW hf amplifier. The designs and/ 

ing articles, know of any source of 
parts, kits, boards, designs, whatever, 
I would like to know about the avail- 
ability. I m~ght  even produce an arti- 
cle if I get an HF amplifier going to my 
satisfaction. 

Wayne W. Cooper, AG4R 
Miami Shores, Florida 33150 

computerized 
Yagi beam antenna 
Dear HR: 

Having just received the August 
issue, I noted with a great deal of in- 
terest the writeup on the "compu- 
terized Yagi beam antenna" and es- 
pecially the captions on the modified 
205BA. 

Having owned one for over a year, 
I have investigated a number of pos- 
sible modifications, inclusive of a 
possible alteration to a wide-spaced 
four elements on a 45-foot boom, 
Which modelled quite well. 

The main attraction in Wayne Hillen- 
brand's design is in achieving the 
stated performance while maintaining 
the original boom length, as the 2-inch 
boom of the HY-GAIN would not take 
the extra stress very well, when ex- 
tended to 45 feet. 

As there are quite a few hams in- 
terested in improving the performance 
of their 205BA1s, may I suggest that 
a more detailed presentation be includ- 
ed in one of your future issues. 

Keep up the good work. 
Julian S. Biermann, ZS6BJO 

Germiston 1407, South Africa 

great reference 
Dear HR: 

Just finished devouring the Decem- 
ber issue and thought I'd send a quick 
note to share some thoughts. 

I was mentioning last night to a 
friend that Ham Radio is the only (of 
many I receive!) magazine which I save 
in its entirety for reference. Seems 
there's always something interesting to 
read and learn. The December issue is 
a perfect example of what I meant! 

I've always liked W1 JR's columns. 
Bill Orr's column about Art Collins was 
touching. I never knew Art, but had a 
very close friend (W4MJJ, now Silent 
Key) who did. The stories Mel used to 
tell about Art and Curt Lemay during 
the early days of amateur SSB were 
always fascinating. Bill did well. 

KL7AJ's article about TV didn't 
teach me anything new, but it was an 
incredibly well written review - more 
of what makes HR great. 

I guess the bottom line is that HR 
is great! Please accept my thanks for 
HR's contribution to ham radio and to 
RF technology. Keep it up! 

LCDR James A. Sanford, USN. 
PE, WB4GCS, Hampton 

Virginia 23669 

the good old days 
Dear HR: 

I wanted to let you know how much 
I enjoyed reading about Mr. Collins. I 
could not afford Collins for many years. 
I now own an S-line (32s-1175s-1) 
and it is a treasure to me. 

Thank Mr. Orr for writing about "the 
good old days," Mr. Collins and Col- 
lins Radio. 

Robin Chestnut, WA5YGR 
Perry. Oklahoma 73077 
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automatically switched 
half-octave filters: 

part 1 

Want to exceed FCC 
purity-of-emissions specs? 

Try combination 
low-passlband-pass filters. 

use in equipment where contiguous, controlled bandwidth and some- 
times constant delay des~gns are required over wide frequency ranges. 
Although the design presented here is intended for constant harmonic 
attenuation from 2 to 30 MHz, the concepts extend to more than 

In the good old days, radios had several bands. 
Mechanical band switching was accomplished by 
means of a multiwafer switch that extended all the way 
from the front panel to the back panel, with complex 
filter networks in. between. While some of these sys- 
tems are still in operation today, the introduction of 
digitally synthesized transceivers has brought about 
the need for a totally new approach to band switch- 
ing. While it is a relatively simple matter to design 
channelized, band-switched rf equipment, the design 
of true broadband solid-state transceivers requiring 
stringent harmonic attenuation and linear phase re- 
sponse specifications over several hf octaves would 
require a multitude of band-switched filters. Using a 
manual band switch such as those found in old trans- 
ceivers would lead to a cumbersome and impractical 
design. 

On the other hand, one could look at a general- 
coverage hf synthesized radio as a device having one 
huge band, with an ultimate resolution of, say, 10 Hz. 
This would make it practical to digitally control sim- 

ple, stand-alone, wide-range varactor-tuned filters 
which are small in size and require simple control cir- 
cuits. While such circuits would be adequate in re- 
ceiver environments with relatively low-level unde- 
sirable signals, the nonlinear nature of the varactor 
diodes can cause intermodulation distortion in the 
presence of higher level signals, despite the fact that 
back-to-back circuits are usually used to reduce this 
effect. If a transmitter is also involved, such as in the 
case of a transceiver, these circuits would become im- 
practical; besides, high-power, contiguously switched 
filters are usually preferred. The proper selection of 
these filter networks requires digital intelligence in 
order to allow automatic coverage of the entire spec- 
trum of interest. This, in turn, requires a unique sys- 
tem design. 

Because there are four octaves" of bandwidth from 
2 to 30 MHz, half-octave filters could be used in the 
system in order to keep out the second harmonic and 
the higher products of any of the 2,800,000 possible 
fundamentals (when using 10-Hz resolution) produced 
by the synthesizer. This concept is illustrated in fig. 
1. Several half-octave filters will be required to meet 
this need. The important issue faced by a designer in 
such a case is not what microprocessor to use to 
crunch the numbers, but rather what is the best 
cost/complexity/performance compromise allowable 
by the total system design - both from a digital point 
of view and, more importantly, from an rf point of 
view. Understanding this process of design is the 
essence of this article. 

One octave is def~ned as the frequency range between a fundamental and 
its second harmonic. 

By Cornell Drentea, WB3JZ0, 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429, 
and Lee R Watkins, 2256 East Jaeger Street, 
Minneapolis, Minnesota 85213 
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fig. 1. How a half-octave filter attenuates harmonics. 
Since harmonics are located at least one octave away 
from any fundamental, a worst case analysis for the en- 
tire range of 2 to 30 M H z  indicates that several contig- 
uous filters covering half-octaves will reject harmonics 
always by the same amount. An automatic switched 
bank of eight half half-octave filters are required to cover 
the 2 to  30 M H z  range. 
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Thir lealcated to the memory or &!net01 
I. Zve~ ribes the design and development 
of a 2. Hz switched filter system as used 
in the front end of a modern, fully synthesized 
transceiver. Intended as a brief tutorial, as well 
as a construction article reaching beyond this 
single application, it enables one t o  appreciate 
the complexity of modern equipment and filter 
design, and shows in detail the design and de- 
velopment of a complex switched filter system 
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. - design criteria 
The system described here uses eight switched fil- 

ters. To eliminate any possibility of intermodulation 
distortion, no diodes are used in the rf switching. The 
filters are of a high-order bandpass design working in 
harmony with eight additional high-power, low-pass 
filters of similar design. It can be seen that because 
of the half-octave choice, given proper design, the 
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filters can effectively attenuate all harmonic products 
at any point in the frequency coverage between the 
specified 2 and 30 MHz. This design calls for a com- 
posite a?tenuation between the filters and the linear 
amplifier's own harmonic response of greater than 50 
dB for the specified range when used with the 120- 
watt linear amplifier in the WB3JZO transceiver's out- 
put. This exceeds the FCC's Part 97.73 requirement 
for purity of emissions for Amateur equipment." In 
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addition, a passband ripple requirement of 0.1 dBt was 
imposed on the design of all filters in order to keep 
receiver input impedance, and consequently noise 
figure and sensitivity, constant. 
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matically by the digital information available from the 
transceiver's frequency command input. The areas of 
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nefl Dren The FCC requirement below 30 MHz calls for power of any spurlous ernis- 

soon from an Amateur transmitter or transceiver to be a t  least 40 dB bplow 
the mean power of the fundamental. bur nor to exceed 50 mrlliwsrrs 
T With a 0 = 100 lor the inductors. a ripple of approxirnatelv 0.05 dB has 
been realized in practice. 

Itea. WBuru, ana Lee n wanclns 
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FUNCTION 

D I S P L A Y  

S W I T C H  0 

M A T R I X  0 
RX S P O T  

S W I T C H  

fig. 2. Areas of the transceiver discussed in this article. The block diagram shows the half-octave automatic filter system, which provides attenuation for harmonics generated 
by the wide-band transmitter. Low-pass filters are switched in along with bandpass filters. Total passband ripple does not exceed 0.1 dB. 
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Cards and plaque courter 

EIMAC's 
.w DX champion! w 1- 

Ihe 3CX800A7. 
.,I I,,, EIMAC continues to com- 2% inches (6.35 cm) high. Cool- 

3 development of reliable ing requrrements are modest 
for HAM radio. and a matchlng socket, arr 

chimney and anode clamp are 
hew, rugged 3CX800A7 available. 
triode provides * kW PEP A data sheet and more informa- for voice service Or '  kW tion is  available from Varian ,, ,,ting up to 30 MHz. Two 

tubes will meet the new, higher EIMAC. Or the nearest Electron 

power ratings authorized by the Device Group sales offrce. Call 

FCC. or write today. 
Varian EIMAC 

Designed for today's low profile, 301 lndustr~al Way 
compact linear amplifiers, the San Carlos. California 94270 
?rYnrH)A7 powerhouse is only Telephone: 415-592-1221 
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fig. 3. Composite frequency response for all lowpass and 

the transceiver affected by this article have been out- 
lined in the block diagram shown in fig. 2, which il- 
lustrates that both the low-pass and the bandpass 
banks are always in the circuit regardless of whether 
the transceiver is in receive or transmit. Only one filter 
set and its corresponding pair are in the path at any 
given time. 

A class AIAB amplifier has been specifically de- 
signed to keep the second harmonic down and there- 
fore simplify the filter design requirement. The level 
of the third harmonic which is the worst-case product 
will determine the overall attenuation required by the 
filters and consequently their order and design type. 
However, since the third harmonic is further away 
from the corner frequencies of the half-octave bands, 
a less complex filter is required. This criterion is valid 
for all the frequencies and their corresponding harmon- 
ics in each of the eight filters, as affected by the linear 
amplifier's harmonic characteristics. 

This principle also applies in receive, where the 
image, a third-order product, and higher order prod- 
ucts are kept out of the receiver's input in any of the 
eight selected ranges through a combination of band- 
pass and low-pass filters. The image rejection specifi- 
cation for a receiver with a first i-f of 75 MHz, using 
the front-end filters designed here, has been calculated 
to be 70 dB. 

So far we have determined the overall characteris- 
tic response of our filters as matching at least a 50-dB 
harmonic attenuation requirement when used with a 
specifically designed amplifier. This composite fre- 
quency response is shown in fig. 3. We will now ex- 
amine the design of the filters more closely. 

Because of the relatively large physical size of the 
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table 1A. Bandpass. Design requirements for all half- 
octave filters used in the transceiver. 

Passband Stopband Attenuation 
Filter No. [MHz)  (MHz)  [dB) 

1 2 ~ 3  < ,625; > 5.25 70 
2 3-4 < ,875; > 7.75 70 
3 4-6 11.25; > 10.5 70 
4 6-8 < 1.75; > 15.5 70 
5 8-12 <2.50; >21.0 70 
6 12-16 <3.50; >31 .O 70 
7 16-24 <5.00; 142.0 70 
8 24 -30 <6.75; >61 .O 70 

table 1B. Lowpass. Design requirements for all half- 
octave filters used in the transceiver. 

Cutoff Stopband Attentuation 
Filter No. (MHz) (MHz) (dB) 

1 > 3 6 60 
2 > 4 9 60 
3 > 6 12 60 
4 > 8 16 60 
5 > 12 24 60 
6 > 16 36 60 
7 > 24 48 60 
8 > 30 72 60 

parts required for the construction of the low-pass 
filters, i t  was decided that the lowest order filter that 
satisfied the above criteria would be considered in 
order to conserve space. First, the linear amplifier 
chain was designed and developed in order to  realize 
a second harmonic attenuation of 30 dB. As men- 
tioned before, the rejection requirements have been 
met by complementing these specifications with the 
linear amplifier's own harmonic attenuation. 

During amplifier design, a nonlinear transfer func- 
tion analysis was performed with the help of the 
Volterra series." The data obtained was then com- 
pared with the harmonic content information available 
from Motorola's RF Data Manual and the actual spec- 
trum analyzer data obtained from the designed ampli- 
fier. After several design iterations, the second 
harmonic emission was brought within the specifica- 
tion. t This placed a 20-dB attenuation requirement on 
all low-pass half-octave filters at the second harmon- 
ic in order to achieve the required 50 dB. The worst- 
case third harmonic emission was verified at 10 dB 
below the carrier. This placed a 60-dB attenuation re- 
quirement on the low-pass filters at the third harmon- 
ic frequencies and beyond in order to  maintain a 
specified 70-dB total rejection. Table 1 lists all the 
resulting electrical requirements for the bandpass and 
low-pass filters. 

A more stringent requirement intended for linear 
amplifiers with a lesser second harmonic rejection was 

Unlike the closs~c rrirldel to Four~er arl;~lys~s, the Volterra serles 1s a much 
rnorc precise niodcllnq tool used In the s t ~ ~ d y  of nonlinear ttffecls In transls 
tor aniplifiers and receivers. 
t The 39-dB galri arril)l~fier uses a corlil)inat~on of  (:Ids> A i A B  des~gns 
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worked out but was not implemented because of its 
complexity (it required a minimum of eight poles). 
However, the performance of the filters described here 
in standard solid-state, push-pull power amplifiers of 
class AB or B with matched characteristics and with 
a typical second harmonic rejection of 20 dB below 
the carrier or better, will also meet or exceed the 40-dB 
FCC requirement for Amateur service. 

the ideal theoretical filter 
The following is a discussion of the basic theory re- 

quired for understanding of the filter design part of 
the article. Because filter articles can become very in- 
volved, we chose to emphasize only limited theoret- 
ical aspects of the subject. Only the bandpass design 
of one filter will be treated in detail. However, refer- 
ences to the low-pass equivalent design and detailed 
construction data are provided. 

There are many ways to design filters. An ideal filter 
has no insertion loss in its passband (0 dB attenua- 
tion from w = 0 to w = I ) ,  and infinite attenuation 
everywhere else. (w > 1 !) as illustrated in fig. 4A. 
Mathematically, the value of the magnitude response 
function (H (jw)( in such a filter would be infinite, which 
in turn would require an infinite number of poles. Fi- 
nally, the filter would not be practical since an infinite 
number of poles would create an infinite insertion loss 
and an infinite delay for the waveform at its output. 
In addition, the ideal filter would require a linear phase 
response over the entire passband, as shown in fig. 
4B. Other important elements affected in such a de- 
sign would be the impulse and step response charac- 
teristics as shown in figs. 5A and 5B. It can be seen 
that for the two responses, the output of the filter 
starts at t = -a while the input is only applied at 
t = 0, a real-world impossibility." This brief theoreti- 
cal discussion is important because it makes us real- 
ize the imperfection of any filter design by comparison. 

practical filters 
Because actual filters can be no more than approx- 

imations of ideal filters, tradeoffs of performance char- 
acteristics are inevitable. Knowing what is important 
in each particular application determines the type of 
approximation. Designers have many filter types to 
choose from: Butterworth, Chebyshev, Legendre, 
Gaussian, Least-Square, Laguerre, Hermitian and Bes- 
sel; each is an approximation of the ideal filter, and 
each has its own positive characteristics. Chebyshev 
filters have an equal-ripple passband and steepest out- 
of-band attenuation (i.e., monotonically increasing 
attenuation). Since a 0.1 -dB passband ripple specifi- 

The linear phase and constant group delay requirements imply that the 
response be of an anticipatory nature. The impulse response is obtained from 
the Fourier ~nversion integral This integral produces a response wh~ch  starts 
at - m and ends at + m. 
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fig. 4. ldeal filter. (A) Amplitude frequency response. /B) 
Linear passband phase response. 
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fig. 5A. ldeal filter. Impulse response. 
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fig. 56. ldeal filter. Step response. 
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fig. 7. Fifth order Cauer (Elliptic) filter, adapted from: Von R.  Seal, Der Entwurf von Filtern mit hilfe des Kataloges normierter 
Tiefpasse, AEG-Telefunken, 715 Backnang, West Germany, 1968, pages 86-87. 
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meet packaging requirements, usinq the minimum 
number of poles; 

he easy to design and economical to construct; 
he easy to tune with relatively simple laboratory 

equipment. 
A Cauer (elliptical) filter has an in-hand characteristic 

similar to that of a Chebyshev filter; it also has a more 
abrupt transition band characteristic than the mnno- 
tonically increasinq attenuation of the Chebyshev 
approach. A fifth-order Cauer is easier to tune than 
the more complex eiqhth-order Chehyshev that wo~rld 
have h ~ e n  required to meet the ripple spec. 

The low-pass amplitude response of a typical Caller 
filter is shown in fig. 6A. Insertion loss has hem calcu- 
lated and v~ri f ied at 0.01 dB for the low.pass and ap- 
proximately 1 dR fnr the bandpass desiqn. The group 
delay remains relatively constant over the range as 
shown in fig. 6B. 

'Where: AM is the magnitude of th r  passhand ripple 
(expressed in nepers or dB): 

Note: while p is usc~ally expressed as a percentage, 
the decimal value should he used in eqn. 1. WR is the 
frequency of the ripple bandwidth normali7ed for ~1 - 

1 radian. AMIN is the minimum stophand attenuation 
in dR. UM~N is parlipst frequency which has less or 
equal amplitude than AMlN (wMIN is nnrmali7ed to wR). 

~ ~ p l ,  wp2, are the frequencies of attenuation peaks, 
normalized to h * ~ .  

bandpass design 
The 16- to 24-MHz design (filter No. 7) is analyzed 

according to data supplied in table 1. This filter is one 
of four (1 ,  3, 5, and 7) that have morp stringent slope 
reqirirements on the low-frequency side of their 70-dB 
attenuation (a half-bandwidth ratio between the center 
frequency and the lower 70-dB attenuation point of 
3.75:1), as can be seen from table 1. From the nor- 
malized tables of elliptic filters in fig. 7, we find that 
a fifth-order filter will meet the bandpass r~quirements, 
including the 0.1-dB passhand ripple. The reqclired at- 
tenuation will be determtnpd hy the conservative 
choice of 0 -- 2 1  deqrers' which will provide more 
than 74.9 dB for all frequencies located 2.79 half-hand- 
widths away from the center frequency, more than 
enouqh to satisfy the above requirements. In addition, 
the design marqin of 4.9 dR over the 70-dR desiqn rp- 
quirement is intended to compensate for possible theo- 
retical VS. practical problems which may evolve during 
the implementation of the network. The filter has now 
been identified. The schrmatic diaqram and its nor- 
mali7ed rlectrical values can be extracted from fig. 7. 
This filter can also he defined as C0515 0 - 21 - - - - - - - - - - -- - - 
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table 2A. Equations used for the transformations from 
the lowpass to bandpass Elliptic functions. 

TO TRANSFORM FROM TO APPLY 

To transform from the normalized lowpass element values, 
apply the following equations: (See program B)  

Where: B = Radian bandwidth of the design 

w, = Radian center frequency (geometric mean) 

R = Value of input (source) resistor if elliptic or 
to the value of the output (load) reststor if 
other than an elliptic design 

Table 2A 

To transform from a parallel resonant-series resonant 
combination into two parallel resonant circuits in series 
with each other perform the following operations: 
(See program A) 

, FZ 

A = L3 L4 C3 C4 
B = C4 L4 + C3 ' L3 + L 4 '  C3 
E = L3 L4 C3 
P = (B + SQR(B B - 4A)) 5 
C , = ( A * A  - A * P a P ) / ( A * L q * P - E * P 0 P )  
C2 = (A - P P)/(E - P L4) 
L1 = (A  L4 - P E)/(A - P P) 
L2 = (P E - L4 P P)/(A - P P) 

The two resonant frequencies F1 and Fg are 
I 

F I = ~  
s Ll Cl 

F -  I 
2 -  2 a-2 
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table 28. IBM-Compatible programs used for simplifying the transformation cal- 
culations. 
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Ic = 12.5 MHz Band = 8 - 12 MHz 
Reject 24 MHz 
fc: Reject = 1.92:l 

Use a C0615C 11 = 34" filter 
Minimum attenuation at 24 MHz = 69.4 dB 
Normallzed values are: 

The denormalized values are: 

f i  = 33.426 MHz F2 - 24.451 MHz 

tune Lz. C2 for an attenuation peak at f l  
tune Lq. C4 for an attenuation peak at 12 

fc  = 24.5 MHz Band = 16 - 24 MHz 
Reject 48 MHz 
fc: Reject = 1.96:l 

Use a CO615C rl = 33' filter 
Minimum attenuation at 48 MHz = 71.1 dB 
Normalized values are: 

The denormalized values are: 

f i  = 67.467MHz f2 = 49.252 MHz 

tune 12, C2 for an attenuation peak at I1 
tune L4, Cq for an attenuation peak at f2 

fc = 16.5 MHz Band = 12 - 16 MHz 
Reject 36 MHz 
fc: Reject 1 2.1R:l 

Use a C0615C I <  = 30" fitter 
Mrnrmum attenuation at 36 MHz = 76.3 dB 
Nnrmalrzed values are: 

Thp rlenormalirPd values are: 

fr = 49.9113MHz f7 = 36.2317 MHz 

tune L?. C7 for an attenuation ppak at 11 
tune Lq. Cq lor an attenuation peak at f? 

fc : 30.5 MHz Rand = 24 - 30 MHz 
Reject 72 MHz 
fc: Reject = 2.36: 1 

Use a C0615C 11 = 27" filter 
Mtnimum attenuation at 72 MHz .- 82 dB 
Normalized values are: 

The denormalized values are: 

tune L2, C2 for an attenuation peak at f i  
tune La. Cq for an attenuairon peak at fz 
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degrees, which means that i t  is a Cauer (C, elliptic) 
design of a f i f th order (051, with p = 15 percent (see 
fig. 61, and 0 = 21°, as described above. Its normal- 
ized design parameters are shown respectively in fig. 
8A for the normalized low-pass element values and 
in f ig.  88 for the denormalized bandpass element 
values. The transformation is performed with the help 
of several equations, which are listed in table 2A. The 
design for the remaining seven bandpass filters is per- 
formed in a similar manner. 

Information about applying denormalizing equations 
is provided in the references, which will follow at the 
end of Part 2 of this article. To make the job easier, 
the transformation equations from the low-pass to  the 
bandpass elliptic filter have been applied to  computer 
programs for the IBM and compatibles, and are includ- 
ed in tab le  26. 

The final transformation for the C0515 0 = 

21-degree filter is shown in fig. 9. Note that f,, f,, f,, 
and f, are frequencies where the attenuation charac- 
teristic peaks. Knowledge of where they occur is very 
important for tuning the filters. This is accomplished 
by  adjusting the individual inductances or capacitors 
for maximum attenuation at the respective fre- 
quencies. 

Reasonable care should be exercised in choosing 
components as close as possible to  the theoretical 
values. For example, actual capacitor values were 
chosen near the theoretical values and inductance tun- 
ing was accomplished by spreading or compressing 
the windings on the toroidal cores. This method 
worked well for all the networks. 

low-pass design 
We have seen how a bandpass, half-octave Cauer 

(elliptic) filter, C0515, can be designed to  meet strin- 
gent requirements and yet be easy to  build. The de- 
sign of the equivalent low-pass filters from tab le  1 is 
performed in much the same way. Since a sixth-order 
filter is required for the low-pass bank to  achieve the 
design requirements, the identification for this filter will 
be C0615c. (The "c" at the end indicates an equal 
source and load impedance.) The elliptical tables men- 
tioned earlier ( tab le  2) and eqn. 2 and 3 below are 
used to denormalize the low-pass filter. 

where CD and LD are the denormalized values. Where 
CN and LN are the normalized values, 

CZ C 3  C 5  C 6  

L4 

Rs = 50.000 ohms RL = 50.000 ohms 
C l  = 412.69pF Cz = 15.01pF 
C3 = 90.27pF C4 = 696.58pF 
C5 = 44.60pF Cg = 149.88pF 
C7 = 392.71pF 
L i  = .16OpH Lz = 0.736ltH 
L3 = 4.42pH Lq = 0.0953pH 
L5 = 0.443,iH L6 = 1.49pH 
L7 = 0.169i<H 
F1 = 47.89MH~ FZ = 7.966MHz 
F3 = 35.8MHz Fq = 10.65MHz 

fig. 9. Final transformation for C0515 H=2I0 filter. Know- 
ing where the peaks in attenuation are will greatly help 
in tuning the filter. 

L I L 2 
r r m -  

L,w R Y  
Ld rj = (3) The final practical model for C0615c H = 31 degrees 

WC' 
is shown in fig. 10. The inductors were wound by 

Rs  is the value of the source resistor, and wc is the hand on MicrometalsTM toroidal cores, as we will see 
cutoff frequency in radians. later. 
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L 
7 , c s  
A 

c z  0 
\ I  

A m 

Rs = 1.000 ohms RL = 1.000 ohms 
Ct = 1.115 F. Cz = 0.03478 F. 
C3 = 1.882 F. C4 = 0.09287 F. 
C5 = 1.061 F. 
LI = 1.334 H. Lz = 1.259 H. 
FI = 4.643 Radians F2 = 2.925 Radians 

C2 C 5  

L? L 5 - :: w, 

8 

Rs = 50.000 ohms RL = 50.000 ohms 
CI = 412.69pF C2 = 53.79pF 
C3 = 12.87pF C4 = 696.58pF 
C5 = 56.99pF C6 = 34.37pF 
C7 = 392.71pF 
L1 = 0. 1611~H L2 = 1.23pH 
Lg = 5.16pH Lq = 0.0953pH 
Lg = 1.16pH LI~ = 1.93uH 
L7 = 0.169pH 

fig. 8. Schematic diagram and values for ( A )  normalized 
lowpass element, and IB) denormalized bandpass ele- 
ment of the bandpass filter. 

C* @ 
\ 1 
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A magazine dedicated t o  qual i ty and sportsmanship in  
amateur radio operating. Fresh, timely, pract ical  and down t o  
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Rush Drake, W7RM 

"Let me congratulate you on a very  Impresave magazine. Just 
what I've been looking for  as a DXer and Contester!" 

Dick Moen, N7RO 
"RADIOSPOHTZNG, once received,  cannot be tossed aside until 
i t  is read from cover t o  cover. Then reviewed again and 
ad in ."  Chas Browning, W4PKA 
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fig. 10. Realization of the practical lowpass, half-octave, 
Cauer (Ell ipt ic) filter model. This model has been identi- 
fied as C0615c. See text. 

Table 3 shows the calculated and practical values 
for all eight half-octave, low-pass filters used in the 
transceiver. The numbers in parentheses are practi- 
cal values as used in the implementation. Silver-dipped 
mica capacitors with a tolerance of + 5 percent were 
used throughout the networks. Breakdown voltages 
have been chosen at 250 volts. 

Part 2 of this article will deal with the final implemen- 
tation of the filters in the transceiver. In addition, auto- 
mation and switching for the entire system will be 
discussed in sufficient detail to allow readers to  de- 
sign their own circuits. 
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amateur packet radio 
networking and 

Introduction to 

a viable 
communications mode 

Much has been written about Amateur packet radio 
over the past few years. Although the features and 
advantages of packet radio are well known by most 
active Amateurs, remarkably few operators under- 
stand how packet radio really works. 

This three-part series describes the workings of 
packet radio. A basic reader understanding of the sub- 
ject and some knowledge of the components and 
operating procedures are assumed. 

I will cover two related areas that are integral to 
packet radio, networking and protocols. These con- 
cepts are viable when used with hardware systems 
(such as terminals, Terminal Node Controllers, and 
radios). All three components (hardware, networks, 
and protocols) work together, and a failure in one can 
result in total breakdown. The series introduces the 
subject of networks and protocols, explores the vari- 
ous options in each, and describes the common sys- 
tems in use today. 

network basics 
A single packet station is useless for communica- 

tions; two or more stations are needed. In terms of 
digital communications, a network can be defined as 
a collection of devices linked together so that one sta- 
tion can talk with any other station in the network. 
I t  is difficult to decide on and implement a system al- 
lowing for maximum flexibility and throughput while 
minimizing complexity and cost. 

In the simplest case, a packet network consists of 
a few stations within direct communications range of 
each other on a single frequency (see fig. 1). A more 
complex network involves digipeating (simplex packet 
repeaters) to extend a station's communication range 
and gateways for accessing stations with different 
capabilities as shown in fig. 2. 

protocols, part 

This situation is not ideal because of congestion, 
range limitations, and other problems. Before more ad- 
vances can be made in packet networking, additional 
work is needed in the area of protocols. Present day 
packet has stretched the current protocols to their 

I limit, and much is being done to develop new ones. 

1 multiplexing 
Since packet operation occurs on agreed upon sin- ' gle frequencies, a method is needed that allows sta- 

I tions to access the frequencies in an orderly manner. 
Without this, operators using the frequency would col- 
lide with other users. 

The method used is muItipJexing. Multiplexing lets 
a group of users share a communication medium. In 
its ideal form, each user should be unaware that he 
is sharing the channel. The two forms of multiplexing 
that concern packet radio operators are Time Division 
Multiplexing (TDM) and Frequency Division Multiplex- 
ing (FDM). 

FDM 
FDM allows each transmitting user to have a sepa- 

rate channel for communications. The radio stations 
on fm stereo are a good example of this. Each has its 
own frequency and occupies it continuously. This 
would be wasteful in packet radio which uses the 
channel only for brief periods. There are usually a set 
number of frequencies allocated for communications 
(such as 145.01 MHz, 145.03 MHz, and 14.103 MHz), 
and the user selects one before beginning. 

Once a station starts transmitting over a certain 
channel, it usually stays on it until the communica- 
tions session is over. This is known as static FDM 
because the stations do not switch between different 
frequencies during connection. Pure FDM operation 
does not provide a very versatile network. 

TDM 
TDM allows users to share a common channel with- 

out interfering with others. Each station transmits one 
after the other while users with no traffic stand by. 
The frequency is allotted by time to users with traffic 
to send; one station will transmit for a time and then 
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be followed by another station. But, how does a sta- 
tion know when to transmit? 

Three systems control the access of individual sta- 
tions to a channel: random access, polling, and token 
passing. 

A 

145 01 
I4 103 

fig. 2. A diagram of a more advanced network in which 
a digipeater (Station C) and HF Gateway (Station D) are 
utilized to allow Station A on two meters to communi- 
cate with Station B on twenty meters. 

random access 

B 

1 

Packet radio uses random access. Individual stations 
follow specific rules to enter the system and must be 
able to determine if the channel is clear. The method 
used is CSMAICD (Carrier Sense Multiple Access with 
Collision Detection). The station monitors (senses) the 

fig. 1. A diagram of a simple network in which all sta- 
tions can communicate with each other directly. 

channel and checks to see if it is clear when it has traf- 
fic to send. If it is clear, the station transmits. A suc- 
cessful transmission is acknowledged by the desti- 
nation station. If the channel is not clear, the station 
waits and transmits when it is. If two or more stations 
transmit at the same time a collision might occur. If 
this happens, the stations involved will receive no ac- 
knowledgment and must wait a random length of time 
to retransmit. Ideally, one station should have a shorter 
random wait, capture the channel first, and avoid 
another collision. 

Packet radio uses both FDM and TDM, permitting 
operators to transmit and receive simultaneously. The 
channel (frequency) selected by FDM affects both the 
range and speed of data transmission. For example, 
channels in the 20-meter band have a large range but 
limited speed, and channels in the 2-meter band have 
a limited range but support much higher speeds. 

TDM lets many operators share the same channel 
using CSMAICD. For this to work, all stations on the 
channel must be within hearing range of each other. 

Two Amateurs can occupy a higher frequency chan- 
nel at the same time without interference as a result 
of Space Division Multiplexing or SDM. Stations in 
both California and Pennsylvania can transmit on 
145.01 MHz simultaneously because the two signal 
paths do not cross. Factors in SDM are propagation, 
radiation patterns, and physical obstructions. Such 
effects are fairly constant and predictable on the 
VHFIUHF bands. 

polling and token passing 
In a polling system, a master station asks the others 

on the network channel if they have traffic to send. 
The charinel is cleared by the master station for each 
to transmit in turn. Other stations must wait for clear- 
ance before they may begin transmission. Token pass- 
ing is a similar form of TDM. In a token passing 
system, a single electronic token (a special binary 
sequence) is passed from station to station until it 
arrives at one with traffic to send. The station holds 
onto the token and transmits. The frequency stays 
clear because only the station with the token is allowed 
to transmit. When the station has finished transmit- 
ting, it passes the token to the next station on the net- 
work. Depending on network configuration, individual 
stations may communicate with each other directly or 
via the master station. 

Polling systems lack popularity in packet radio be- 
cause a master station with a fairly powerful computer 
and reliable communication throughout the network 
is needed to track users and their status. Packet users 
tend to drop in and out quickly and the radio links be- 
tween stations vary in quality. To work effectively, 
polling network conditions must be regimented be- 
yond what most Amateurs can provide. Another draw- 
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Q P.C. ELECTRONICS 2522 PAXSON LANE ARCADIA CA 91006-8537 USA 
TOM (W6ORG) & MARYANN (WBGYSS) O'HARA (818) 447-4565 

ELECTRONICS 
THE N E W  "KREEPIE PEEPIE" ATV TRANSMITTER 

1. New final transistor typically gives more than 1.5 watts output o n  sync t ip with 13.8 vdc applied. 
2. Now you can see your own transmitted video with the on-board RF detectorlmonitor 1 v output. 
3. Final RF output test point for setting up  blanking pedistal with a voltmeter. 
4. Improved lower distort ion subcarrier sound generator IC for cleaner audio and 4.5 mHz stability. 
5. All this at no  increase i n  price! Single freq. KPA5-c board sti l l  $159 delivered'. Two freq. $174. 

NEW TX70-1 ATV TRANSMITTER contains the KPA5 and TIR relay ready t o  go i n  a small 6x5.2x2.5" 
shielded cabinet. Has both the 10 p in  "VHS" camera & RCA phono jack videolaudio inputs. If you 
are one of those with just a downconverter, saw some pictures and was bitten by the ATV bug, then 
this ATV transmitter i s  for you. No need t o  sell your downconverter and get a transceiver, just . connect i ts  input t o  the downconverter BNC connector on  the back of the TX70-1. $229 delivered. 

KPA5-c 
) '$ " I ' * +  board stilt 

I - - ' $159' 
NEW TX70-1 $229 delivered 

KPA5-c 70CM ATV XMTR BOARD FEATURES: KPA5 APPLICATIONS: 
s l  WATT P.E.P. RF OUTPUT ON SYNC TIP. PORTABLE CORDLESS N CAMERA. Think of it as a video 
Run barefoot for portable. Output properly matches Mirage HT. Place the KPA5 in one of the Hammond Dicast 
Dl 5N 15 watt or Mirage D24N-ATV 50 watt linear amp for full aluminum boxes, 114 wave (6.5") whip on top or half wave at 
output and the Mirage D1010N-ATV to over 50 watts P.e.P. the end of 50Q coax attached to a headset. Plug into a 12- 

FULL COLOR AND SOUND on a Small 325x4" board 14 v source such as the Radio Shack 12v 5Ah battery power 
Wired and tested board runs on external 13.8vdc @ pack (23-182). Depending on terrain & receiving antenna DX 
300ma. supply or 12 V battery is typically over 1 mile. With KLM 440-27s at both ends DX is 

Accepts composite video from cameras. VCRs, 22 miles snow-free line-of-sight. 
computers, etc. Transmit the video to a remote VCR rather than lug it. 

2 audio inputs, one for low Z dynamic mic, One line Great for public service events: marathons, parades. 
level from most cameras & VCRs damage accessment, search 8 rescue. CAP, etc. 

Supplied with one xtal on 426.25. 434.0, or 439.25. Mount in a RIC airplane or robot to enable remote control 
2nd xtal add $15. Specify freq. when ordering, check when the vehicle is out of sight. 
with local ATVers. ARRL Repeater Directory or call us. Put it in your own cabinet for base, portable or mobile. 
Only 2 channels available in any given area due to video When more power is needed, connect to either the Mirage 
bandwidth of 9.1 mHz. D15N for over 15 watts or to the Mirage D24N or D1010N- 
Price still $159 delivered via UPS surface in A N  amps for over 50 watts. 
contiguous USA. Transmitters sold only to licensed Place a KPA5 in a dicast box with a VOR (video operated 
Technician class or higher amateurs for legal Purposes. We relay) to make a hill top video repeater. Repeat other 
verify name, call letters. 8 OTH in the Callbook. If recently A T V ~ ~ ~ ,  weather radar or space shuttle video, 
licensed or upgraded send a copy with order. 

WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? Either a TVC-2G or TVC-4G 
downconverter connected to any TV set tuned to channel 3, and coax cable to a good 70cm antenna to receive. Connect 
up the TX70-1 or package up the KPA5, add 12 to 14 vdc, antenna, and any home TV camera. VCR, or computer with 
composite video output. It's that easy! 

ACCESSORIES: 
TVC-2G GaAsfet downconv. board wired 8 tested.. . . $59 MIRAGE D15N-ATV Tin H5 out all mode amp ..... $119 

varicap tuned. 420-450 MHZ to ch3. Req 12vdc MIRAGE D24N-ATVl in I 50 out all mode amp. ... $2 1 9  
TVC-4G (TVC-2G in cabinet with 120vac supply). .. . .$99 450 ISOPOLE omni 4dbd vert. gain antenna ......... $65 
TVCX-70 crystal controlled GaAslet downconv.. . . . . . . $99 KLM 440-6X 8.9dbd ant.. 28" boom. >50 deg BW....$51 

specily in freq. 8 out on ch 3 or 45mhz IF. 2 freq.. . . . $1 1 4  KLM 440-10X 11.2dbd. antenna. 64' boom .......... $65 
Hammond 1590D Use for KPA5. 7.3~4.7~2". .... . . $ I 7  KLM 440-27 14dbd. 36 deg. BW antenna ........ $1 07 

1590C 4.6~3.6~2" aluminum box. Fits TVCX-70.. . . . $1 1 SAXTON 8285 10011 50 ohm coax 3.5dblC loss ..... $41 
800J 10 pin VHS color camera chassis connector.. . . . . $ l o  UG21 type N male connectors for larger ID wax.. ....... $5 
VOR V~deo (horiz sync) operated relay board ... . .. . . .. .$25 

HAMS! C a l l  o r  w r i t e  f o r  our f u l l  l i n e  ATV c a t a l o g  ... D o w n c o n v e r t e r  b o a r d s  s t a r t  a t  o n l y  $39 
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Please see the complete REVEX line of laboratory , 4' Instruments and accessories. 
+c, 

AVERAGE AND PEP RF MONITORING BUILT INTO ALL UNITS. 
1 6 to 1300 rnHz. 1 watt to Skw 

IN LINE TYPE SWR & POWER METERS 
EXCLUSIVE!!!PATENTED WIDEBAND Z COUPLER, AVAILABLE IN 

NO OTHER UNIT AT ANY PRICE, PROVIDES LABORATORY ACCURACY 
AND QUALITY AT AMATEUR PRICES ... 
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IN L I N E  W A T T  UETER 
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INTRODUCTORY 
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RF 1.8 - 54 MHz, AF 10 HZ - 40 kHz AM, CW, SSB, OSCILLOSCOPE, TRAPEZOID, RTTY 
WAVE MONITOR SCOPE 
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EXCLUSIVE DISTRIBUTOR: 

AMATEUR-WHOLESALE ELECTRONICS 
, 46 Greensboro Highway, Watkinsville. Georgia 30677 

Widebond Preamp 10-1 000 Mhz I 
D u a l  G a s F e t  l o w  n o i s e  
preamplifier for HF. UHF or VHF 
systems. Just perfect for the R- 
7000.  Exce l len t  f o r  Spec 
Analyzers, Scanners, etc. Gain 20 
Db + / -  1 DB, -3 Db at 2 8 1100 
Mhz. 1 Db compression of -10 
Dbm. Intercept points 2 4 5  Dbm. 
New shipped price of only 
$124.95. Po. residents please add 
6% state tax. 

GT l Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
71 7-386-4032 

/ 171 
TO ORDER: 

TOLL FREE..800-327-3102 
Telephone (404) 769-8706 Telex: 4930709 1TT 

L 

In Mounts 
Say EYE EYE.X 

FREE! ALL NEW 1988 
Y-6 CATALOG 

OF COMMUNICATION ACCESSORIES 

l m m e d r a l e  Shipplng On A l l  i f e m s  C a l l t W r f f e  

IIX EQUIPMENT 
PO BOX 9 / 
OAKLAWN. IL60454 * % 
(312) 423.0605 

CORDLESS PHONE - LINK?? 
FEELING TIED DOWN TO YOUR MICROPHONE?? 

Amerlcan Lightwave Introduces a fantastc k t1  tha t  

conver ts  your COrdle5S phone In to  a remote I lnk l l  

PWNC LINK 

* u s e  your r t g  f r o m  the kltchen, garden, garage 

*Easy t o  but td  one evenlng assembly t lme  

* Eastly connects t o  your  r t g s  m l c  and speaker jacks 

*NO mods l o  rad lo  o r  telephone system Just Plug In 

*MADE IN THE USA 

KIT PL-A H ~ # ~ q ~ ~ l ~ t v ~ l s a c a u v b o s d w ~ t h d a  $10 
KIT PL-0 h p l d c k t t -  b o s d . p a t s . d e O m g b 1 ~ 1  $30 

~ I I ~ * Y o ~ ~ . o x  AMERICAN-LIGHTWAUE 
Or ell 313-588-9007 P O  BOX71684 
OX mlv aa $3 tlatm Hc@ls, MI 48071 -0684 
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back is the amount of overhead (information that must 
be added to  the basic data) required for destination 
routing. 

protocols 
Now that networking concepts have been covered, 

we can take a look at what makes packet radio work. 
How do individual stations know how to col-nmuni- 
cate with each other? What happens if data is sent 
but for some reason is not received? What if the data 
arrives garbled? How does a station know who data 
is for? How do digipeaters know which data to retrans- 
mit? The answers to  these and other questions are 
found in the protocol. 

Protocols define how data is packaged, what ac- 
tions are taken under certain conditions, and when the 
actions dre to be executed. The goal is to get data from 
its source to its destination as quickly, efficiently, and 
accurately as possible. Steps involved in using pdck- 
et protocols follow. 

Assuming a station can access the network, i t  must 
communicdte its intention to  transmit with a connect 
request. If the selected station is available, i t  will ac- 
knowledge the request and the two  stations will con- 
nect. Once this happens, the information they send 
t o  each other is received error-free. When transmis- 
sion is complete, the stations disconnect and are ready 
to  contact others. 

These and other processes are handled by proto- 
cols. A protocol is a predefined series o f  steps fullowed 
to accomplish a task. An  illustration of a random ac- 
cess packet radio protocol is a normal 2-meter f m  
phone contact. 

After first listening to  see if the frequency is clear, 
call the station you want to  contact. (AA3F AA3F this 
is KR3T. Do you read me?) Keep calling until a re- 
sponse is received or you decide to stop your tranmis- 
sion. If he responds (KR3T this is AA3F. Go ahead.) 
you have established a connection. You would then 
transmit your information. (AA3F this is KR3T. Meet 
me at the mall in 5 minutes.) Give the receiving and 
sending stations' cdllsigns so AA3F knows the mes- 
sage is for him (The FCC likes this.). If AA3F ac- 
knowledges (KR3T this is AA3F. Roger. the message 
was received. If AA3F doesn't respond in a reasona- 
ble length of time or asks for a repeat, send i t  again. 
End your transrr~ission with a disconnect request 
(AA3F this is KR3T. 73.) and AA3F will respond (KR3T 
this is AA3F. 73.). You have just ended the connec- 
tion and can place another call. 

The same system applies to packet radio. A con- 
nection is established, information is transferred (or 
retransmitted when not received properly), and the 
connection is canceled. Keep in mind that this is a 
generalization. The protocol must be able to determine 
when information is received incorrectly, keep track 

of the connection status, translate data, assure device 
compdtibility, dnd much more. A detailed look at 
protvcol orgdnizatlon follows. 

Any network, packet or not, consists of many differ- 
ent components and functions: terminals, codings, 
voltages, error checking, connecting, relaying, and dis- 
connecting. Networks become complex as their capa- 
bilities increase. The International Standards 
Organization (ISO) developed a reference model for 
networks. Known as the Open Systems Interconnec 
tion Reference Model (OSIIRM), it is designed to aid 
the information exchange between systems. They can 
be as simple as a current loop teletype or as complex 
as a worldwide network. Open Systems are those 
open for communications (such as a packst radio sta- 
tion). The OSIIRM separates network functions into 
levels based on their purpose. 

Each OSI IRM Ievel transfers data between the onz 
directly above and below it. It interfaces at the point 
where data is transferred between levels. Data orig- 
inates at the highest level and is passed down serially 
through each one. The information is processed by 
each level's protocol until i t  reaches the lowest in?- 
plemented Ievel. When the data is received, the path 
is reversed and it is sent back up the levels. Each Ievel 
removes any additional information added by its 
equivalent at the sending station. When the data 
reaches the point of origin, i t  looks exactly as it did 
when entered into the network. 

Each level operates independently. The only ex- 
change of information between levels occurs at inter- 
face points. Every level has a protocol that may be 
changed without affecting the rest. The set of levels 
and associated protocols form the network archi- 
tecture. 

The flexibility and structure of the OSIIRM help to 
maintain compatibility between packet systems. The 
OSI I  RM is divided into seven levels, each responsible 
for particular tasks and named according to  its func- 
tion. To refer to a level by number, use the word level, 
and when referring t o  a level by name, use the word 
layer. The seven OSIIRM layers are: physical, data 
link, network, transport, session, presentation, and 
application (see fig. 3).  

Level 1 is the physical layer. I t  is responsible for the 
transparent transmission of bit streams across the 
physical interconnection between systems. This con- 
nection can be operated in either simplex, half duplex, 
or full duplex. The bits must arrive in the same order 
in which they were sent. Specifications for this layer 
include mechanical (plugs and dimensions), electrical 
(voltage and current levels), functional (the meaning 
of different voltage levels), and procedural (rules and 
sequences). 
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Level 2, the data link layer, shields the higher levels 
from the characteristics of the physical layer. It pro- 
vides reliable transmission of data and should contain 
some form of error detection and correction. This layer 
must be independent of the data sent and may not 
alter it in any way. It must accept data and break it 
into segments for transmission. When the segment- 
ed data is combined with protocol information, a frame 

A P P L I C A T I O N  

is formed. The frame must be delimited (allow for 
recognition of the beginning and end of the frame) and 
also be transparent (to be looked at only as a series 
of bits). 

The frame is checked for accuracy upon reception 
and, if an error is found, retransmitted by the last sta- 
tion. Frames must be delivered in the same order they 
were sent. The standard level 2 protocol is HDLC 
(High-level Data Link Control). A subset of HDLC is 
used in most packet radio data link layer protocols. 

The network layer, Level 3, provides transparent 
transfer of all data submitted by the transport layer, 
Level 4. Hence Level 4 is not directly involved in the 
connections between communicating systems. The 
systems may be connected point to point (direct) or 
have many nodes in the path. The network layer pro- 
vides the routing functions needed to transfer data 
from one system to another; each system may act as 
a relay. Routing methods are not covered in the 
OSIIRM. Level 3 of the X.25 standard is one standard 
protocol for the network layer. 

The transport layer arranges the information in the 
correct order if packets arrive out of sequence. It 
handles only communications between the origination 
and destination, and not relay stations that might be 
used by the network layer. 

The session layer or Level 5 is responsible for initiat- 
ing and terminating communications between stations 
on the network. 

Level 6 is the presentation layer and handles data 
transformation (converting ASCII to Baudot), data and 
display formatting (a graphics terminal communicat- 
ing with a hardcopy teleprinter), and syntax selection. 
If two systems are using incompatible devices, this 
layer handles the conversions necessary for data 
transfer. 

In Level 7, the application layer, provision is made 
for proper operation of application entities or user- 
oriented software. Programs or computer functions 
controlled by the connected system are located here 
and fall under its protocol(s). 

1- - - - - - - r 

conclusion 

A P P L l C A i l O N  

I 

We have looked into the operation of Amateur pack- 
et radio which uses a random access networking sys- 
tem. You have been introduced to protocols and their 
function. In Part 2 we will discuss protocols used i r ~  
packet radio. 

If you have any questions or comments, write to 
me at the address listed or leave a message on Compu- 
Serve; rny User ID is 72276,2276. 

Portions of this series are from my book, The Packet 
Rad~o Handbook, available from the ham radio Book- 
store for $14.95 plus $3.50 shipping and handling. 

ham radio 

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

38 February 1988 

- - - - - - - - - - - P R E S E N  TA T I O N  

t 

I 

I 

1 

S E S S I O N  - - - - - - - - S E S S I O N  

9 < 1 

T R A N S P O R T  - - - - - - - - - r T R A N S P O R T  

I 

t 1 

N E  T WORK - - . --- N E T W O R K  

1 9 

JATU L I N K  

i 

i)ATA L I N K  

. I 

I r 

P H I S I C A I  
A C T U A L  

C O M M U N I C A T I O N S  L I N K  
P H Y S I C A L  
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layers indicated by dashed arrows must be implement- 
ed only at the originating and destinat~on nodes 
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The Hlbrkl at Ybur ~ i n ~ e r t i k  
Only ICOM brings the world into 

your living wm...HF, VHF. UHF, and 
low band receptions. ICOM is the pro- 
fesslonal's choice to receive interna- 
tional broadcasts, aircraft, marine, 
business, emergency services, teievl- 
sion, and government bands. Tune In 
with ICOM's IC-k7000 25-2000MHzg 
and IC-R71A 0. I-30MHz commercial 
quality scanning receivers for full spec- 
trum coverage. 

Incomparable Frequency Control. 
Both the IC-R71A and IC-R7000 feature 
direct frequency access via their front 
keypad, main tuning dial, optional infra- 
red remote control and/or computer in- 
terface adapter. Flexibility of thts na- 

interest, including aircraft, marine, pub- 
lic services, amateur, and satellite trans- 
missions in the 25MHz to 2000MHz' 
range. It includes all mode operation 
low noise circuits plus outstanding sen- 
sitivity and selectivity. The combined 
IC-R71A/IC-R7000 pair creates a full ra- 
dio window to the world! 

The IC-R7000 is a high band moni- 
tor's masterpiece. its 99 tunable mem- 
ories are complemented by six scan- 
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stability. Many professional services use 
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designing a station 
for the microwave bands: 

part 1 

Easing your way 
into a new frontier 

In many respects, the microwave bands represent 
a frontier for Amateurs; above the more familiar re- 
gions of VHF and UHF, they're often thought of as 
a magic domain. Like any physical frontier, they hold 
promise of untapped possibilities along with seemingly 
insurmountable barriers. Fascinating in attraction, they 
hold out hope for open space as the lower bands be- 
come full and, ultimately, overcrowded. 

Although the microwave bands are often considered 
useful only for short range contacts where both sta- 
tions are within line of sight of each other, microwave 
OX contacts are possible, often over paths which are 
anything but visual. One of the first surprises I en- 
countered on 10 GHz was being able to clearly copy 
a 10-milliwatt transmitter by means of scatter off a 
mountain visible to both receiver and transmitter. The 
mountain was about 6 miles from both stations, and 
the direct path was blocked by another mountain. An- 
tennas were a 4-foot dish on one end and a palm-sized 
horn on the other. Try that on VHF or below with simi- 
lar sized antennas and equivalent power! 

Such contacts aren't limited to scatter from moun- 
tains. Microwave communications over extremely long 
distances are possible via tropospheric and marine 
ducting even when lower frequencies are not. The cur- 
rent 10-GHz world's record of over 1000 miles bears 
testimony to this. Commercial jetliners offer a large 
enough (scattering) cross section to be usable for 

beyond-the-horizon contacts. Even more generally 
useful, the same tropospheric scattering that provides 
over-the-horizon communication at VHF is in effect 
at microwave frequencies. Moonbounce echoes with 
only a few tenths of a watt of transmitter power have 
recently been reported at 10 GHz. 

A t  least part of the secret of these seemingly impos- 
sible modes of propagation lies in the high antenna 
gains available with physically snlaller, and therefore 
realizable, antennas. Virtually all of the available trans- 
mitter power may be focused into a pencil-like beam. 
This can provide more signal to a distant receive an- 
tenna than would be possible with antennas of the 
same size at lower frequencies. This may mean, for 
example, that it would require 100 watts at 144 MHz 
to provide the same received signal level in 6 f00 t  an- 
tennas that 0.1 watt can provide on 10 GHz! 

Another part of the secret is narrowband operation. 
In the past, most Amateur microwave operation was 
accomplished with free-running, unstable oscillators. 
This method required wide receiver bandwidths to ac- 
commodate the transmitted signal. In addition, the re- 
ceive local oscillator was often the same one used on 
transmit, which further increased the necessary band- 
width. While this approach was simple, signal-to-noise 
ratios were degraded by the additional noise present 
in the wider bandwidths. Reducing communications 
bandwidth from, say, 300 kHz to 3 kHz provides the 
same improvement in signal-to-noise ratio as increas- 
ing transmitter power from 1 watt to 100 watts - 
i.e., 20 dB. 

Admittedly, there are difficulties in building and 
operating an Amateur station in the microwave bands, 

By G l e n n  Elmore,  NGGN, 3528 Deerpark Drive, 
Santa Rosa, California 95404 
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but the excitement of these new regions and the 
chance for new records and discoveries certainly 
should draw some of us to further exploration. 

As one goes higher in frequency, the number of 
components that provide gain and power is limited. 
In addition, maintaining stable and accurate frequen- 
cies as well as pointing high-gain antennas accurate- 
ly are problems to be overcome. The point-to-point 
nature of microwave DX tends to reduce the likelihood 
of random contacts. "Round table" QSOs with many 
stations in different locations may require innovations 
in Amateur networking, but progress in these areas 
is currently being made at lower frequencies as digi- 
tal Amateur radio progresses. The store-and-forward 
bulletin boards and network nodes currently being 
used in Amateur packet radio are steps toward a more 
complete information handling structure. Increased 
traffic over these channels requires higher data rates 
and more bandwidth becomes necessary. As our 
channels support higher information rates, digitized 
voice and other linear modes can be used. The avail- 
able spectrum and point-to-point nature of microwave 
DX links make them ideal for such operation. As Ama- 
teur packet radio becomes increasingly popular, im- 
plementation of high-speed microwave "backbones" 
for long-distance cross-country communication be- 
comes an attractive possibility. 

MICROWAVE 
LOCAL 
OSCILLATOR 

design approach 

*TRANSMIT 
AMPLIFIER 

This article describes one approach to designing and 
implementing a station for the Amateur microwave 
bands (as well as the two highest UHF bands, 1296 
and 2304 MHz). The intent is to promote interest and 
show how to build a station that can provide all-mode 
contacts over significant distances. CW, SSB, and 

NBFM are obvious initial choices, but digital and video 
modes can be used as well, since the entire system 
supports linear signal frequency translation. 

This open-ended approach minimizes complexity by 
taking advantage of readily available components and 
equipment. The intent is simply to demonstrate a prac- 
tical way for more Amateurs to get on the microwave 
bands. 

The bulk of this series focuses on generation of 
stable and precise local oscillator signals, since this is 
a primary hurdle that must be crossed for any narrow- 
band operation at microwave frequencies. The local 
oscillator, a mixer, and an antenna are the minimum 
requirements for converting low-frequency Amateur 
transmitters and receivers for microwave operation. 

Real communications over significant distances are 
indeed possible with this minimal station. The basic 
station doesn't have to be expensive. Receive preamp- 
lifiers and transmit amplifiers may be added at very 
little cost, and the recent availability of low-noise amp- 
lifiers in the 4-GHz range makes a good low-noise, 
moderate-power (by microwave standards) station ac- 
tually affordable. QSOs over hundreds of miles are 
possible with such equipment and just a small, rea- 
sonably priced dish antenna. For less than the cost 
of a 2-meter fm transceiver, one may assemble a 
station capable of providing microwave DX and the 
excitement of participating in the exploration of still- 
uncharted regions of the radio spectrum. A block 
diagram for generating microwave SSB is shown in 
fig. 1. 

A secondary goal of this article is to demonstrate 
a way to put a high-performance station on the micro- 
wave bands with as little test equipment as possible. 
Wherever possible, rf technology replaces complex 
microwave hardware. I've tried to use commonly avail- 
able parts wherever possible, and kept the number of 
pc boards to a minimum by the use of common cir- 
cuits. Only two microwave circuits, the mixer and PLL 
downconverter, have to be built, since the oscillator 
- a GunnplexerTM, for example - can be obtained 
commercially or as surplus (look for motion detectors 
and automatic door openers). Except for these, the 
entire station is assembled from standard VHF or lower 
frequency components and circuits. 

I'd encourage anyone interested in getting on the 
microwave bands to seek out other interested Ama- 
teurs. Small users groups can be a great help in get- 
ting started and maintaining enthusiasm. They're also 
a good way to share not only measurement equip- 
ment, but expertise. 

ANTENNA 

SIGNAL BANDPASS 
M I X E R  FILTER 

- J  SWITCH 

* R E C E I V E  
AMPLIFIER 

local oscillator 

280-290 MHz 
TRANSVERJER 

As shown in fig. 1, the basic blocks for a micro- 
wave station are the signal mixer, a bandpass filter to 
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fig. 1. Microwave SSB is generated by converting a 20-30 
MHz SSB transceiver first to 280-290 MHz  and then to 
the microwave band using a microwave LO and mixer. 
A microwave bandpass filter removes unwanted mixing 
products. 

- HF SSB 
TRANSCEIVER * O P T I O N A L  
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Table 1. Combinations of a few basic reference signals allow great flexibility in generating phaselocked microwave 
signals. Combinations using a 1010 M H z  reference allow access to every amateur microwave band, using either a 
280-290 MHz or a 420-440 MHz SSB i-f. 

Reference signals 

ref osc frq = (harm x ref) * PLL i-f 

lo,,,, quartz standard in proportional oven 

100,,,, loo,,:, - =  10 x 10 std + 0 
(decade d~vider instead of i-f l  

150,,t 3 X ( I 2) 
20,,, loo,,,, I 5 

30,et 3 X lo,,, 
lo,,, 20,Cf 1 2 
40,,, 20,,.1 x 2 

8,ef 40,,!f 1 5 
330,,, (3 X 100,,,1) t 30,,:, 
990,,1 (10 X ~ o o , , , ~ ~  . lo,,,, 

or 3 x 330,,., 
992,,!, ( l o x  ioo,,.,) 8 ,,:I 

1008,,, (10 x IOO,,,~) + 8 ,,., 
lolo,,f 110 x loo,t, l~ 4 lo,,,' 

Microwave Local Oscillators 

Band 1st LO = (harm x ref) t PLL i f 

1296 1008 - 1008,,,, directly 
1010 : 1010,,!, directly 

2304H" 2016=2x1008,,, 
2304 H 2020 = 2 x 1010,,, 

L 2020 - 20 x 100 ,,,, t 20,,., 

3456 H 3030 = 3 x 1010,,,1 
L 3020 -: 30 x loo,,., t 20,,,, 
L 3020 3 x lolo,,, - lo,,,, 

5760 H 6048 = 6 x 1008,,, 
5760 H 6060 = 6 x 1010,,, 

L 6020 = 60 x loo,,,, t 20,,, 
L 6020 - 6 x lolo,,,, - 40,,,, 

10368H 10080 - 10~1008,,.~ 
10368 L 10080 - 10 x 1010,,,6 - 20,,, 

24192 H 23760 - 24 x 990,,, 
24192 L 23760 - 24 x 992,,,, - 48 
24192 L 23910 - 24 x 99OrPf - 150,,, 

L 23910 - 24 x 1010,,1 - 330,,., 

SSB i-f 

288 MHz 
286 MHz 

288 MHz 
284 MHz 
284 MHz 

426 MHz 
436 MHz 
436 MHz 

288 MHz 
300 MHz 
280 MHz 
280 MHz 

288 MHz 
288 MHz 

432 MHz 
432 MHz 
282 MHz 
282 MHz 

hf SSB dial 
1260 MHz 2nd LO) 

28 MHz 
26 MHz 

28 MHz 
24 MHz 
24 MHz 

436 MHz SSB 
436 MHz SSB 

28 MHz 

20 MHz 
20 MHz 

28 MHz 
28 MHz 

432 MHz SSB 
432 MHz S S B  
22 MHz 
22 MHz 
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Early Reservation Information 
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License exams Free bus service V H S  video presentation about the HAMVENTlON is 
CW proficiency test Door prizes available for loan. Contact Dick Miller, 2853 La 

Cresta. Beavercreek, OH 45324 
Flea market tickets and grand banquet tickets are 
limited. Place your reservatlons early, please. 1988 Deadlines 

A ward Nominations: March 15 
Flea Market ~ickets Lodging: April 2 
A maximum of 3 spaces per person (non-transferable). License Exams: March 26 
Tickets (valid all 3 days) will be sold IN ADVANCE Advance Registtation and banquet: 
ONLY. No spaces sold at gate. Vendors MUST order USA - April 4 Canada - March 3 1 
registration ticket when ordering flea market spaces. Flea Market Space: 

Orders will not be processed before January 1 
-A- 
Nominations are requested for 'Radio Amateur of the Infonnatb~~ 
Year', 'Special Achievement' and 'Technical Qeneral Information: (51 3) 433-7720 
Achievement' awards. Contact: Hamvention Awards or, Box 2205. Dayton. OH 4540 1 
Chairman, Box 964, Dayton, OH 4540 1. Flea Market Information: (5 13) 898887 1 

Lodging Information: (5 13) 223-26 12 
Uceme Exams (No Reservations By Phone) 
Novice thru Extra exams scheduled Saturday and 
Sunday by appointment only. Send FCC form 6 10 
(Aug. 1985 or later) - with requested elements 

mdw 
Reservations received after Housing Bureau room 

indicated a t  top of form, copy of present license and blocks are filled will be returned along with a list of 
check for $4.35 (payable to ARRL/VEC) to: Exam hotel/motels located in the surrounding areas of 
Registration, 8830 Windbluff Point, Dayton, OH Dayton. The reservation will then %become the 
45458 responsibility of the individual. 

HAMVENTION is sponsored by the Dayton Amateur Radio Association InC. 
I I - I . I I I I I - I I I I I I I I I - I I 1 1 - 1  

Loaging ~ k a t i o n  Fom I Advance Registration F o m  
Daytoi iy 1, 1988 1 1  
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Deposit required - Room deposit must D e  paid dlredy to 
the hotel or motel by date shown on the confirmation form 
sent to you. U s e  canceled check for confirmati01 

I 
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$18.00 at door, if avail? 
Make checks payable and mail S.A.S.E. to - i Dayton Hamvention, Box 2205, Dayton, OH 45401 

Mail to - Lod~ing,Dayton Hamvention, 1880 Kettering 
Tower, Dayton. OH 45423-1880 



ncl Moli~tor 8. Pr~nter 
w/20 lneg Hard Drive 

4.77-8 mhz 150 Watt P/S 
360K DD Star NP-10 
Monitor/Printer Printer 
Card 1 Yr. Limited 

8 AT/XT Keyboard Warranty 
8 Samsung TTL 640K Ram 

Amber Monitor Floppy COnt. 
wAi l t  8 Swivel 20 meg HID 

''See us at the Tropical Hamboree 
February 6 8 7, 1988." 

WORLD DATA ENTERPRISES 
1-800-634-3547 
(305) 551-4023 

P.O. BOX 652737 MIAMI. FL 33265 
'PLUS S t i  A s S ~ , n h l t ~ i l  in USA 
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w A ~ l t  8 Swlvel 

',See us at the Troplcal Hamboree 
February 6 8 7, 1988." 
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1-800-634-3547 
(305) 551-4023 

P.O. BOX 652737 MIAMI. FL 33265 
'PLU5 ', t ?  Asc t . f i~h l r~ r l  In USA 

DISCOUNT PRICING 
Panasonic CCTV 
Wireless & Hardwired 
Alarm Systems 
Experienced 
State Licensed 
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4700 LOYOLA LANE, #119 
AUSTIN, TX 78723 (51 2) 345-8401 

Now that 
you can speak, 
talk to hrsen. 
Novice Enhancement opens up a 

whole new way for novices to com- 
municate. To make the most of it, talk 
to Larsen Electronics. 

We'll tell you how Larsen antennas 
can greatly improve your powers of 
communication. We'll also explain 
how Larsen 220 and 1296 MHz 
antennas are designed to give you 
the best performance. 

mlk to vour Larsen amateur dealer 
today, a i d  see if Larsen performance 
doesn't speak for itself. 

nntenncrs 
The Amateur's Professional 

See wur !,I\ trlle arn. l l~ur dc.11~1 <,r \\rll< It! ,  ,I In( . I I ~~~ I I~~ I I  calalog 
IN USA Lanen Eleclmn~cs lnc .I1611 N E 5Gih Ave PO Box 1799 Mncouver. WA98668 206-573-2722 
IN C4NADA Canad~an Lanen Electron~cs Lld 149 West 6th Avenue Vancouver B C VSY 1K3 604-872-8517 
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915 North Main Street -&ai 
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Automatically notch out 
helerodynes, whistles. 

Ge l  r i d  o f  'tuner-uppers' 
on N E T  frequencies. 

16 Memor~rs!iScanning. 

* Enjoy SHORTWAVE or EXTEND frequency 
for YAESU FRG9600 and ICOM R7000 radios. 

The following have PL259 connecters 
for  YAESU FRG9600: 

FC965DX ... $149.95, 20  HZ - 60 MHZ. 
FC1300 ... $199.95. 800 MHZ - 1300 MHZ. 
WA965 ... $109.95, 30 M l l z  - 1.5 CHI. 

AEA PK 232 

Use as OSC lo r  
receiver alignment. 

See the review in  
Atlacll I*,  nn! li5.?:2 c o r ~ b r l . ~ l i l ' l ~  '73' Magazine (nov. 8 

Computer f o r  C\\ ' .K ' l ! '~ . r \SCI I . \h lTOR. 
PACKET and \VCAl-I l l iR I - A S  (CpSon 
MS-80/RX-80 for Fascimile). 

450 M H z  on harmonics. 
R F  output: 100 mVs. 

Finnlly a speaksr/mike SHORTWAVE! 
we can nll afford! 

Specify YAESIJ. ICOM or KENW001) CALL OR WRITE TODAY! 



remove unwanted mixing products, and the micro- 
wave local oscillator. Transmit and receive amplifiers 
are optional. Of these blocks, the local oscillator is 
probably the most complex. The problem of generat- 
ing a stable local oscillator in the microwave bands 
may be solved in more than one way. Certainly an ob- 
vious method is to adopt the same techniques used 
at lower frequencies and traditional in Amateur VHF 
and UHF construction. That is, one may simply start 
with a high quality quartz oscillator - perhaps in the 
100-MHz vicinity, since crystal oscillators there can 
have good spectral purity - and multiply up to the 
final microwave frequency selected. One problem with 
this is the necessity of including an active device and 
filter in each harmonic stage. If too high a harmonic 
number is used, it may be difficult to separate the pre- 
ferred harmonic from the undesired ones around it. 
Even if suitably high Q filters are available, the extra 
complexity and amplifier power necessary to gener- 
ate sufficient energy to operate a mixer is undesirable. 
This approach also isn't very versatile, since modify- 
ing oscillator fundamental frequencies, not to mention 
a whole string of harmonic filters, makes significant 
QSY extremely difficult. In addition, signal levels and 
multiplier stage gains need to be controlled to avoid 
multiplying broadband noise and degrading the ulti- 
mate microwave signals. 

One alternative to frequency multiplication is to 
directly phase lock a microwave oscillator with a 
phase-locked loop (PLL). This is particularly interest- 
ing because when pushing any active device to its up- 
per frequency limit, an oscillator may be built even 
when frequency multipliers and amplifiers aren't pos- 
sible. A phase-locked oscillator may be used to pro- 
duce a signal at frequencies where few active devices 
are available. Since suitable oscillators are readily avail- 
able both commercially and on surplus markets, phase 
lock is an attractive possibility for Amateur operation 
that requires a minimum of microwave equipment con- 
struction. 

Normally, to phase lock an oscillator, a signal that's 
a sample of the oscillator is compared to a high-sta- 
bility reference signal. A loop amplifier is then used 
to steer, or "lock" the oscillator in step with the refer- 
ence signal. A block diagram for phase locking an os- 
cillator is shown in fig. 2A. The "phase sample" may 
be the oscillator signal itself, a frequency-divided or 
a frequency-converted version of it, as long as phase 
information is retained. Using the oscillator signal it- 
self would require that the reference signal already be 
the desired stable signal. Using a divided signal would 
require dividers that operate at the oscillator frequen- 
cy, but microwave frequency dividers aren't yet Ama- 
teur junk box items! 

In its simplest form, frequency conversion presents 

the same disadvantage as using the oscillator signal 
directly - a precise microwave signal must already 
be available. However, it's possible to use a harmon- 
ic mixer to downconvert the oscillator signal (see fig. 
2B). Such a mixer mixes the oscillator signal with a 
harmonic of a much lower frequency reference. This 
lower frequency reference signal may itself be pro- 
duced by PLL techniques. 

If phase lock is achieved by harmonic downconver- 
sion, the phase comparison may be accomplished at 
low i-f frequencies where gain is easy to come by and 
measurements are far easier to perform. Additional- 
ly, the harmonic converter need not have particularly 
low conversion loss, since only a reasonable signal- 
to-noise ratio is sufficient, the absolute signal level can 
easily be modified with i-f amplifiers. This is in con- 
trast to harmonic multiplication, which requires 
enough drive at each stage to drive the active device 
or mixer into its nonlinear region. Step-recovery diode 
multipliers often need several hundred milliwatts of 
drive to function properly. Harmonic downconverters 
may need only 10 to 50 milliwatts of lower frequency 
drive, a much easier proposition. Additionally, phase- 
locked oscillators don't usually require filtering to re- 
move unwanted signals as do multiplied oscillators, 
as long as the reference frequency components are 
suitably reduced by the loop filter. 

Any available microwave oscillator may be used as 
long as a means of electronic tuning that will allow 
correcting the frequency over a range which is larger 
than the drift caused b y mechanical and environmen- 
talfactors can be found. Many Gunn diode oscillators 
may be tuned by slight adjustments to their power sup- 
ply voltage. Other oscillators, such as the Gunnplex- 
ers made by MIA-Com, have an electronic tuning 
input. The PLL bandwidth must alsdbe sufficiently 
high to clean up the oscillators' instabilities acceptably. 
It must be possible to modulate the microwave oscil- 
lator at frequencies a few times higher than this loop 
bandwidth for good loop stability. The bandwidth is 
easily adjusted by changing the PLL loop parameters, 
and usually something in the tens of kHz area is ade- 
quate. Because any local oscillator must be stable and 
accurate, the PLL is automaticlly a suitable choice in 
this respect. If all oscillators in a system can be refer- 
enced to one precision (preferably ovenized) reference 
oscillator, the best in frequency stability and accuracy 
may be obtained. 

common oscillator circuits 
After many years of VHF and UHF construction, 

there are two kinds of circuits I've gotten tired of build- 
ing: one is power supplies (especially those with tubes) 
and the other is local oscillator/multiplier strings. Al- 
though using a PLL can simplify local oscillator con- 
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struction, there are several microwave bands, and it's 
best to avoid duplication of circuits as much as pos- 
sible. To simplify multiband stations, many microwave 
enthusiasts are adopting a scheme using a 288-MHz 
SSBICW i-f and local oscillators derived from a 
1008-MHz precision source. All of the Amateur micro- 
wave bands except 24 GHz may be reached by mix- 
ing either 288 MHz or 432 MHz with a harmonic of 
1008 MHz and selecting the appropriate sideband. 

I've chosen a modification of this approach that uses 
1010 MHz and a 280- to 290-MHz VHF intermediate 
frequency. Allowing slight deviation of the signal i-f 
from 288 MHz can also allow the MHz digit on the hf 
signal source to indicate correctly. For example, for 
operation on 2304 MHz, the hf transceiver is tuned to 
24 MHz, giving an i-f of 284 MHz. This signal mixed 
with two times 1010 MHz gives 2304 MHz, and the 
MHz digit o i  the hf rig displays the MHz of the output 
frequency correctly. Since many of the newer trans- 
ceivers will operate in transverter mode over 20 to 30 
MHz, this approach seems to be suitable. 

Table 1 shows some alternatives for generating sig- 
nals on the microwave calling frequencies using this 
phase-locking approach. The reference signals are all 
derivatives of the 10-MHz standard oscillator. Phase 
lock is obtained by mixing a harmonic of a reference 
signal with the local oscillator to produce a PLL i-f fre- 
quency. This PLL i-f is then locked to a reference sig- 
nal, producing a phase-locked local oscillator signal 
which can then be used to convert the 280- to 290- 
MHz VHF i-f to and from the preferred microwave 
band. The VHF i-f is generated using a 260-MHz 
phase-locked LO and the 20- to 30-MHz range of the 
SSB transceiver. 

Also shown are some more traditional multiplying 
approaches for achieving a microwave LO. 

Notice that the 1010-MHz phase-locked approaches 
all provide correct readout of the MHz digit of the SSB 
source. This may be of little concern for operation on 
only one microwave band, but since one LO system 
can effectively put you on all the microwave bands, 
frequency confusion in the heat of a contest may be 
something to reckon with! 

The additional flexibility of the PLL i-f also provides 
access to the 24-GHz band. If this band seems eso- 
teric, I'd like to point out that a 24-GHz oscillator with 
a built-in mixer diode is available for approximately $50. 
It may be possible to phase lock and mix for the re- 
ceive i-f all in one diode, eliminating any other micro- 
wave hardware! Similar oscillatorlmixer modules, 
designed for radar "gun" use, are available for 10 GHz. 

preparing the 10-GHz station 
The approach just described, which can be used ei- 

ther directly or with some modifications to get on all 
of the Amateur bands - affords a great deal of com- 
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PLL I - f  AMP 
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PHASE/ PLL 1.1 HARMONIC 

REFERENCE- 
FREQUENCY 
DETECTOR DOWNCONVERTER 

DOWNCONVERTER 
REFERENCE 

fig. 2B. Phaselocked microwave source block diagram. 

LOOP 
A MPLlFlER 

monality in phase-lock circuitry. It's possible to lay out 
one circuit board that can be configured for almost 
every variation required for any of the locked loops. 
(This is important to avoid the power supply syndrome 
mentioned above!) Standard ECL integrated circuits 
and commonly available operational amplifiers are all 
that's required except for the harmonic downconvert- 
ers. Adding another microwave band generally re- 
quires only an oscillator, a harmonic downconverter, 
and an additional phase-lock pc board. Also, signifi- 
cant frequency change within a band is often accom- 
plished by simply selecting a different reference signal 
and changing the coarse frequency adjustment of the 
microwave oscillator. 

In all cases, from 10 MHz to microwave, the best 
"raw" oscillator should be used. At 10 MHz, the long- 
term stability of the standard is the desired characteris- 
tic. The loop bandwidth of this PLL is kept low so that 
the poorer phase noise contributions of the 10-MHz 
standard won't contaminate the less accurate but 
cleaner 100-MHz quartz oscillator. At 1010 MHz, the 
operating Q of the resonator and the resulting oscilla- 
tor spectral purity is kept as high as possible. This os- 
cillator is really rather stable when unlocked. 
Measurements over a period of several days and at 
a relatively constant temperature showed only a few 
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( #1 Source of PACKET Info 

Phaselocked 10080 MHz local oscillator and 288 MHz SSB 
transverter. 10 MHz standard in upper left. 

tens of kHz drift. The spectrum of this oscillator when 
locked is essentially a replica of the tenth harmonic 
of the 100-MHz crystal oscillator. This feature, com- 
bined with simplicity of construction, makes this an 
effective solution to the problem of generating a clean 
and stable GHz signal. 

A multiplierlfilter string could be used to generate 
this 1010-MHz signal instead of the direct phase-locked 
approach. This would probably require either an oven- 
ized 101-MHz oscillator or dividing by 101 and phase 
locking to a 1-MHz reference derived from a master 
statiod oscillator. In that case, sufficient filtering at 
1010 MHz must be provided to reduce spurious sig- 
nals to -70 dBc or less. The direct phase-lock approach 
provides a clean spectrum that's directly attributable 
to the high-Q resonator, as long as loop bandwidth 
is small enough to keep reference frequency sidebands 
sufficiently low. The only other spurious signals pre- 
sent are multiples of the 100-MHz signal from the har- 
monic downconverter. These signals, predominantly 
the odd harmonics at 900 MHz and 1100 MHz, are at- 
tenuated by the isolation between the 1010-MHz buffer 
amplifiers. 

The microwave oscillator may be whatever you can 
get or build. However, using Gunn diode oscillators 
(such as the MIA-Com Gunnplexers) results in a 
10.080-GHz signal that has as clean a spectrum as 
many hf transceivers on 20 meters. The resulting 
10,368-MHz SSB signal is also of excellent quality. 
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I'irctl o f  [>;lying higllcr ;lntl highcr priccb k)r 
\'.II.F. niagnctir mount :~ntcnn:ls? Ilustlcr has 
the solution. 'l'wo new series of antennas at 
suprisingly affi~rdahle prices. Huilt with the 
s t m e  qu;tlity and performance you expect 
from a Hustler product. Ilesigned to offer you 
years of tn)uhle-free opent ion .  Priced to  
s a v e  you money.  

FX SERIES (picturttd mounrcd) 

3.4 d h   din I 518 wave 
200  watt raring 
15 foot coax 
PI.-250 connector installed 
Magnetic mount holds to  
100 mph 

M o d e l  FX-2 - 2 Meter, hlack & chrome 
M o d e l  FX-220 - 220 MHz, hlack and chrome I r' L (Also Availahlr in Black) 

. 

Also  Available i n  Rlack 
Model FX-21%. 2 Meter 
Motlel FX-2201%. 220 MHz 29.95 

R?( SERIES (pictured lying down) I.--= 
3.4 dh  gain 1 518 wave 
100 watt raring 
I5 foot coax 
PL-259 connector installed 
Magnetic mounr holds to  75  mph 

I Model  RX-2. 2 meter hlack and chrome 
Model  RX-220 .  220 MHz, hlack & chrome I 

Also Available i n  Rlack  
Model RX-213. 2 metrr 
Model KX-22013. 220 MHz . . . 24.95 c.3. 

One Newcronics Place 
Mineral Wells. Texas 76067 
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New PK-232 Breakthrough 

Six Digital Modes - Including Weather FAX 

Your home computer (or even a simple terminal) 
can be used for radio data communication in six 
different modes. Any RS-232 compatible com- 
puter or terminal can be connected directly to the 
PK-232, which interfaces with your transceiver. 
The only program needed is a simple terminal pro- 
gram, like those used with telephone modems, 
allowing the computer to be used as a data ter- 
minal. All signal processing, protocol, and 
decoding software is in ROM in the PK-232. 

The PK-232 also includes a no compromise 
VHFlHFlCW modem with an eight pole bandpass 
filter, four pole discriminator, and 5 pole post 
detection low pass filter. Experienced HF 
Packeteers are reporting the PK-232 to have the 
best Packet modem available. 

Operation of the PK-232 is a breeze, with 
twenty-one front panel indicators for constant 

status and mode indication. The 240 page manual 
includes a "quick start" section for easy connec- 
tion and complete documentation including 
schematics. Two identical back panel radio ports 
mean either your VHF or HF radio can be selected 
with a front panel switch. Other back panel con- 
nections include external modem disconnect, 
FSK and Scope Outputs, CW keying iacks, and 
RS-232 terminal interface. 

The RS-232 connector is also used for attaching 
any Epson graphics compatible parallel printer for 
printing Weather Fax. Weather maps and satellite 
photos, like the one in this ad, can be printed in 
your shack. 

Contact your local AEA dealer today for more 
information about the one unit that gives you six 
modes for one low price, the PK-232. 

Brings you the Breakthrough 
2006-196th St. SW 
Lynnwood, WA 98036 
(206) 775-7373 



Gunn diode oscillators used as sources for automatic 
door openers have been tried with similar results. 

Using this LO approach on 10 GHz is quite amaz- 
ing. Even when out on a hilltop, once the oven for the 
10-MHz frequency standard is operating at tempera- 
ture, the hf transceiver can be set exactly to a sched- 
uled frequency. When the another station calls, the 
SSB signal from a similarly phase-locked distant sta- 
tion is tuned correctly. A detailed system block dia- 
gram is shown in fig. 3. 

order of construction 
For those planning to build an entire 10-GHz sta- 

tion, construction of the 100-MHz oscillator and ECL 
dividers is a good place to start. If a 10-MHz standard 
is available, the phase-lock circuit may be built and 
the 100-MHz oscillator phase locked. If possible, a 
common pc board should be made and several boards 
loaded and tested. Then, building the 1010-MHz os- 
cillator, buffer amplifers, and downconverter, and 
changing four components on one of the pretested 
phase-lock boards, will result in a precision 101 0-MHz 
reference signal. Next, building the 260-MHz oscilla- 
tor and locking it with another of the phase-lock 
boards and adding mixers and amplifiers produces the 
280- to 290-MHz i-f transverter. At this point, both 
1296 and 2304 are within easy reach by adding just 
a mixer (and amplifiers, if you wish). For 2304, an anti- 
parallel diode mixer just like the harmonic downcon- 
verters will suffice to get a signal on the band without 
even building a doubler or additional locked 2020-MHz 
oscillator. Inexpensive MMlC amplifier blocks can be 
used for transmit and receive amplifiers to produce a 
respectable 1296- or 2304-MHz station almost immedi- 
ately. Finally, the 10,080-MHz LO is obtained by lock- 
ing a Gunn oscillator with one more common pc board 
and the 10-GHz harmonic downconverter. Here again, 
one can immediately get on the band at the few hun- 
dred microwatt level by just adding the signal mixer. 
This mixer can even be built on the same TeflonTM pc 
board and at the same time as the harmonic downcon- 
verter. A simple bandpass filter for 10,368 MHz has 
already been discussed, and a two-stage amplifier will 
be described at the end of this article. 

For those who want to get on the 10-GHz band as 
rapidly as possible, the flexibility of this phase-locked 
approach offers many choices. It is possible, for 
example, to get on 10,368 MHz SSB using only a 
148-MHz SSB signal as the i-f. This can be done by 
generating a 1020-MHz signal instead of 1010 MHz for 
the microwave downconverter reference, simply by 
using a 20-MHz reference in that PLL and coarse tun- 
ing the resonator 10 MHz higher. Also, using a 20-MHz 
reference on the 10-GHz Gunn oscillator PLL gives 10 
x 1020 MHz + 20 MHz = 10,220 MHz. 10,220 MHz 
LO + 148 MHz SSB = 10,368 MHz SSB. The 

10,220-MHz LO could also be used with a 30-MHz 
wideband i-f to work other Amateurs in the area not 
yet on narrowband modes using 10,220/10,250 full du- 
plex. SSB operation could be utilized by just chang- 
ing to the 148-MHz SSB i-f. Notice also that reversing 
the reference and VCO inputs to the phase comparator 
allows locking on "the other side." In this last exam- 
ple, 10,180 MHz would result from such a reversal. 
Many combinations of reference frequencies and tun- 
ing directions are possible, and this versatility is an at- 
tractive aspect of this whole approach. 

common phase-lock circuit 
By taking a uniform approach to local oscillator gen- 

eration, that of phase locking to a relatively low fre- 
quency reference, a great deal of commonality in 
circuit design is achieved. In fact, 8ll four phase-lock 
loops used to generate 10,368-MHz SSB have identl- 
cal phase detector, loop amplifier, and lock indicator 
schematics. Only the loop filter component values 
need to be varied to accommodate the differing oscil- 
lator characteristics. This is a great boon to construc- 
tion, since one circuit board may be laid out which 
serves all four loops. The phase-lock circuit board uses 
ECL line receivers to amplify the reference and VCO 
inputs, phase detection is in a 12040-ECL phase com- 
parator, and standard operational amplifiers are used 
in the loop amplifierlfilter and phase-lock detect cir- 
cuits. A schematic of the common phase-lock circuit 
is shown in fig. 4. 

I made a common pc board that contained the 
phase-lock circuits, the 100-MHz oscillator and divid- 
ers, and the 1 -GHz harmonic downconverter1 PLL i-f 
amplifier. All this fits on a double-sided 3- x 6-inch 
board, and only the parts required for a particular func- 
tion need be added. Normal VHF construction prac- 
tices are followed, including good bypassing on the 
ECL logic, which is important since operation is from 
+ 5 instead of - 5 volt supplies. The only circuit that 
operates higher than 100 MHz is the anti-parallel diode 
mixer, and the two diodes can be mounted right next 
to a coax connector to keep lead length to near zero. 

I chose to use a large number of small coaxial con- 
nectors between circuits. This is more expensive, but 
it adds a great deal of versatility in changing reference 
frequencies, measuring signal levels, and so forth. For 
VFO control, any of the PLL reference frequencies 
may be substituted with a variable frequency reference 
as long as ECL logic levels are provided. This may be 
useful in testing or experimenting. Substituting the 
10-MHz reference on the 1010-MHz PLL oscillator with 
a 10- to 11-MHz variable oscillator, for example, could 
give a variable 10,080- to 10,090-MHz microwave sig- 
nal with the same stability as the tenth harmonic of 
the variable oscillator. This might be usefill as a sig- 
nal source for microwave testing. 
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fig. 5. The 100 MHz crystal oscillator and divider circuits provide reference signals for generating all higher frequency sig- 
nals. The oscillator itself can be locked to a precision 10 MHz frequency standard. 

The PLL characteristics are modified by changing 
R421R45 and C32lC33. This is necessary to provide 
different loop bandwidths and accommodate differ- 
ent oscillator tuning sensitivities. Table 2 gives some 
values for some selected bandwidths and oscillators. 
For situations not listed, approximate values may be 
calculated. Referring to fig. 6: 

A(s) = (Kd Ka KV)I(N) 

Where A(s) = loop gain at frequency s 
Kd = phase detector sensitivity in voltslradian 
K, = loop integrator gain at s 
K, = oscillator sensitivity in radians/(volt sec) 
N = frequency division of oscillator before phase 

detector 

Component values can be calculated by first select- 
ing a loop bandwidth and setting K, to give unity gain 
at that frequency: 

Ka = (N wn)I(Kd Kv) 

Where w, = loop bandwidth in radianslsec 

(radianslsec = 27rf with f i n  Hz) 

R2 can be selected by R2: 
= K, R, 

Next C can be selected by choosing 1 /(R2 C) to be 
four or five times lower in frequency than the loop 
bandwidth to provide adequate loop stability. 

FROM 
PHASE TO VTO 

DETECTOR R, 
__VIU** - 

fig. 6. The loop amplifier (integrator) controls the charac- 
teristics of the PLL. Loop parameters are set by proper- 
ly selecting component values. In this balanced 
configuration, each component appears twice. 

& 

C = 5/(wnR2) 

As an example, let's assume we want to lock an oscil- 
lator with a tuning sensitivity: 

K, = 0.5 MHzIvolt = 3.1 x lo6 rad/(volt sec). 

The 12040 phase detector has a 

Kd = 0.13 voltlradian. 

Since we have no frequency division (a harmonic 
mixer is a mixer, not a divider), N = I. 

Suppose we want a 50-kHz loop bandwidth to 
"clean up" the oscillator. Then: 

K, = (1 x 2 x 7r x 50,000)/(0.13 x 3.1 x lo6)= 0.77 
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MODEL VS-35M 

RS-S SERIES-,,. . 

MODCL RS-12s 

ASTRON POWER SUPPLIES 
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SPECIAL FEATURES PERFOflMdNCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
lrom excessive currenl8 continuous shorted oulput (Internally Adlustable: 11-15 VOC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 8 
mrcmpl RS-3A. RS-OA. RS.51. low line) 
MAINTAIN REGULATION A LOW RIPPLE a1 low line input Also availahll wllb 220 VIC lnp l l  ~tl l l( l  
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IC - 
MODtL AS-SOM I hl0Ut.L VS~5OM 
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Continmama ICS' Size (IN] Shippin( 
MODEL 011y (Amps) l W r l  H x w x D wt.  (1bs.1 
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Separate Voll and Amp Meters 
RM-12M 9 I 2  5'' x 19 x 8l.4 16 
RM-35M 25 35 5'.. x 19 x 12', 38 
AM-5OM 37 50 5I.r x 19 x 12"r 50 

Conlinwors ICS' Sizm (IN1 Shipplng 
MODEL Omly (Amps] fAmp:l H x W x D  Wl. (Ibs.) 
RS.3A 2.5 3 3 x 4'4 x 5'4 4 
RS-4A 3 4 3'4 x 6', X 9 5 
RS-5A 4 5 3'2 x 6'8 x 7'4 7 
RS-7A 5 7 3'< x 6 5  x 9 9 
RS-78 5 7 4 x 7'2 x 10'4 10 
RS-IOA 7.5 10 4 x 7'1 x 10'. 11 
RS-12A 9 12 4'7 x 8 x 9 13 
RS-120 9 12 4 x 7'1 X 101r 13 
RS-2OA 16 20 5 x 9 x 10'2 18 
RS-35A 25 35 5 x 11 x 11 27 
RS-5OA 37 50 6 x  13'r x 11 46 
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MODEL Duly (IlmpsJ I A ~ P ~ )  H x W x 0 Wl. (Ibs.) 
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Separate Volt and Amp Meters Output Voltage adjustable lrom 2.15 volls Current limil adjustable lrom 1.5 amps 
to Full Load 

Conlinrers ICS' SIzm (IN) Shippi@( 
MODEL Duly (AmpsJ (Amps) H x W x 0 WI. (Ibs.] 

@13.8VOC BlOVDC @5VOC @ 13.8V 
VS-12M 
VS-2OM VS-35M 25 16 9 15 5 9 4 2 7 2 1  35 12 5 5 4 ' ,  x x 9 x 11 x 8 x x 10'2 11 9 20 29 13 

VS-50M 37 22 10 50 6 X  13'. X 11 46 

Variable rack mount power supplles 
VRM-35M 25 15 7 35 5'h x 19 x 12', 38 
VRM-5OM 37 22 10 50 5'. x 19 x 12'2 50 
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MODEL Only (Amps) Amp: H x W x D  WI. [lbs.] 
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RS-10s 7.5 10 4 X 7'h X lo1', 12 
RS-1 2s 9 12 4'7 X 8 X 9 13 
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Since R, is fixed at 1210 + 196 = 1400 ohms. 
R, = 0.77 x 1400 ohms or 1000 ohms 

and 
C = 51(2 x T x 50,000 x 1000) = 0.015 pF 

I t  is important for loop stability that both the oscilla- 
tor and the op amp operate well below their roll-off 
frequency. For the oscillator, its tuning sensitivity 
should be constant to at least five times the loop band- 
width selected. In the case of the op amp, the prod- 
uct K,w, should be no more than 10 to 20 percent of 
the specified gain-bandwidth. This specification will 
depend on the particular op amp used, but if w, is al- 
ways selected to keep K,w, below 1M radianslsec- 
ond, performance should be satisfactory. When in 
doubt about loop stability, design for a lower loop 
bandwidth; noise sidebands on the oscillator may be 
higher, but at least the loop will be stable! 

100-MHz oscillator and divider circuits 
A clean 700-MHz quartz oscillator is locked to a 

stable, though less spectrally pure, 10-MHz standard 
oscillator. In the event that a stable 10-MHz standard 
is not available, this oscillator may be operated un- 
locked, but the frequency accuracy and drift may not 
be as good as you would like for SSB and CW weak- 
signal operation, particularly on the higher bands. In 
any case, this 100-MHz reference may be built first and 
used for locking the higher frequency oscillators even 
without a 10-MHz standard. 

Table 2. Typical loop amplifier component values for 
phaselocking the 10 GHz station oscillators. Other 
oscillator sensitivities can be accommodated by calculat- 
ing values as demonstrated in the text. 

Oscillator 100 MHz 1010 MHz 10,080 MHz 260 MHz 
VCXO Gunn Osc 2nd LO 

Loop bqndwidth 
f (Hz) 50 50 k 50 k 50k 
W n  (radlsec) 310 310k 310k 310k 

VTO sensitivity. Kv 
MHzIvolt 0.0002 0.5 3 1 
radl(volt sec) 1300 3.1M 19M 6.3M 

Loop Gain, Ka 18 0.77 0.13 0 38 

divide # N 10 1 1 1 

R42145 (ohms) 25 1.1 180 530 

C32133 lpF1 0.6 0.015 0.09 0.03 

These values assume R43144 = 1210 ohms and R46149 = 196 ohms 
and 
phase detector sensitivity. Kd - 0.13 voltslradian 

A two-stage Pierce harmonic circuit is used with a 
UHF TV tuner varactor diode to allow frequency con- 
trol. A variable capacitor may be substituted when no 
10-MHz standard is used. An ECL line receiver is used 
to level shift and buffer this oscillator and drive the 
bi-quinary ECL divider. The divider output drives one 
input on the common phase-lock circuit (if used), the 
other input being provided by the 10-MHz standard 
oscillator. The loop parameters are set to give 10 to 
100 Hz of loop bandwidth. The divide-by-five output 
of the 10138 divider provides a 20-MHz reference sig- 
nal for use in the other loops. The 10-MHz ECL signal 
is also brought out. The schematic of this circuit is 
shown in fig. 5. 

Beyond following the usual sound VHF practices, 
no special precautions need be taken in constructing 
this circuit. Whether or not 10-MHz standard is being 
used, it's a good idea to position components so that 
the entire oscillator circuit can be shielded and, if pos- 
sible, thermally insulated to avoid frequency drift from 
ambient temperature change. 

testing 
If an oscilloscope, spectrum analyzer, or 100-MHz 

frequency counter isn't available, both the oscillator 
and divider circuits should be built at the same time. 
Then a 10-MHz WWV receiver or any receiver that 
tunes 10 MHz may be used to ascertain oscillation and 
division. Before trying to "close the loop" and lock 
the 100-MHz crystal oscillator, it's a good idea to check 
that the tuning range is from approximately 1 kHz be- 
low 100 MHz to 1 kHz above. This can be done by 
applying both 5-volt and 12-volt supplies and listen- 
ing to the divider output at 10 MHz to see that the 
signal swings 100 Hz on either side of 10 MHz when 
a 2- to 10-volt tuning voltage is applied. Next, hook 
up the loop amplifier and the 10-MHz reference sig- 
nal (from any source that is within this tuning range) 
and monitor the tuning voltage. If the loop locks cor- 
rectly, the unlocked LED should extinquish and the 
tuning voltage should move between ground and the 
positive 12 volts as L3 is adjusted. At each end of that 
range, the unlocked light should light, indicating un- 
lock due to an out-of-range 100-MHz oscillator. If a 
problem exists, make sure that the phase comparator 
inputs are correct, the connections marked " + "  are 
being used, and recheck for wiring errors. 

The second installment will cover construction of 
the 1010-MHz oscillator, harmonic downconverters for 
both 1 and 10 GHz and some circuits for biasing and 
driving the 10-GHz Gunn oscillators. 

reference 
1. Glenn Elmore, NGGN. "A Simple and Effective Filter for the lO~GHz Band." 
QEX. Volume 65, July 1987, page 3. 

ham radio 

60 February 1988 



Built-in AC Power Supply 
Bullt-ln Automatic Antenna 
Tuner 
SSB, CW, FM, AM, RTTY 
Direct Keyboard Entry 
1 60- 1 Om/Gen era1 Coverage 
Recelver 
Passband Tuning d u s  IF Shift 

S u p e r b  Deslgn, Uncompromlsed 
Ouallty. A 105dB dynamic range re- 
ceiver features high RF sensitivity and  
s t e e p  skirted IF selectivity that cuts 
QRM like a knife. A 100% duty cycle 
transmitter includes a large heatsink 
a n d  internal blower. The IC-761 trans- 
ceiver is backed with a full one-year 
warranty and  ICOM's dedicated custom- 
e r  service with four regional factow 

Dlrect Frequency Enhy Vla Front 
Keyboard o r  enjoy t h e  velvet-smooth 
tuning knob with its professional feel 
and rubberized grip. 

Specla l  CW Attractions include a 
built-in electronic keyer, semi or full 
break-in operation rated u p  t o  60 
WPM. CW narrow filters and  adjustable 
sidetone.  

QSK u p  to  60 WPM service centers. Your loperating enjoy- 
ment  is guaranteed! Automatlc Antenna Tuner covers 

The  IC-761 ushers in an  exciting 160-10 meters,  matches 16-150 ohms 
new era of amateur radio communica- ~ 1 1  Bands,  ~ o d s  Included, and  uses  high s p e e d  circuits t o  follow 
tions; an  era filled with all t h e  DX'ing. Opera tes  all HF bands ,  plus it includes rapid band shifts. 
contesting, a n d  multi-mode operating 
pleasures of a fresh new sunspot  cycle. 
The innovative IC-761 includes all of 
today's most desired features in a sin- 
gle full-size cabinet. This is ham radio 
a t  its absolute  best! 

Work t h e  World. The  IC-761 gives 
you t h e  competitive e d g e  with stand- 
ard features including a built-in AC 
power supply, automatic antenna tuner. 
32 fully tunable memories, self-refer- 
encing SWR bridge, continuously vari- 
ab l e  RF output  power to  100 watts in 
most modes,  plus much, much more! 

general coverage reception from Complementing Accessories in- l o o k H z  to 30MHz' A top SSB' CW' FM' c lude  the  CI-" computer interface AM, and  RTTY performer! adapter .  SM-10 graphic equalized 
passband m n l n ~  a n d  IF Shift ~ l u s  mic: a n d  an  EX-310 voice synthesizer 

tunable IF notch proGde haximum'op- 
erating flexibility on  SSB. CW, and  You're The Winner with t h e  new 
Rm modes, Additional features in- era IC-761. S e e  t h e  biggest and  bes t  
clude m u l t i ~ l e  front   an el filter selec- HF at your local lCoM dealer. 
tion. RF speech processor, dual  width 
and  adiustable-level noise blanker. 
panel selectable low-noise RF preamp, 
programmable scanning, and  all-mode 
squelch. The IC-761 is today's most 
advanced and elaborate transceiver! 

r /  151 ICOM America. Inc.. 2380-1 16th Ave. N.E.. Bellevue, WA 98004 Customer Servlce Hotllne (1061 454-7619 
3150 Premier Drive. Suite 126. Irving. TX 75063 / 1777 Phoenix Parkway. Su11e 201. Alianta. CA 30349 

ICOM CANADA. A Division of ICOM America. Inc.. 3071 - ' 5  Road. IJnir '8. Richmond. R C  VhX 2T4 Canada 
All slated rlvcillcallonr are aDDroslrnatc and rubl~t  lo 'hanee without mrice or obllgallon NI ICOM radlos rlplflranlly etcecd FCC rr.ulatlon% l8mllm~ \~lurauu+ rml$\~c,n, :?,I487 



You've Got Our Number 
Orders and Quotes Toll Free at 800-444-4799 

Effective January 18. 1988, call our new number from all 50 states. 

DISCOUNTS I FOR AMATEURS 1 I 
I 

- 
EGE VIRGINIA 
I~lHl1,3 Bllfld ~~ I I~P I I I  .I Orlve Rldo 

IC 751A 
HF Transcr~ver with 

General Coverage Receiver 

TS-140s 
HF Transce~vrr w ~ t h  , 

General Coveraqe Recetver 1 . 

~. - .> - 

V1lqllll.i 72191 
Inlormalton (1031 643-1063 
Cervlci! [ I e ~ l  li031 494-6750 
Fax  17031 494.3673 
Store Hours M - F  10-6 . Sat 10-4 
Order Hours M-F 9- 7 

Sal. 10.4 
TS-940s 

HF Tr , ins [~v~r  wlth 
General Coverno? Recelver 1 

EGE NEW ENGLAND I 
8 Sl&?s Road 
Sal~ln New Hampshtre 03079 
New England INH Included1 
Toll F r e e  800.4444047 
lnln 8 Servtcu ,6031 898 3750 I IC 3200 1 Dual ~ r n 1 4 4 0  MHZ Moblle 1, 

I Corsair II 

\ Model 561 
HF lranscetver ' 

! I 

T M 221A/321)A421A 
2n1:?70/.1~10 hlHz Moti~les 

I 
. - . . . . . - - - -. --. , - , , , 

Slore Hours MTuWF 10-5 
Th 17-8. Sat 10-4 

I.. I Our i\.,nmrp store 
b n s  6. J,lckSOn Road P 0 Hox 293 

I Larwntle lrn~~c~ana 70445 
lnlo R Serv~ce 15041 882 5355 I FT 767GX 

All Mode lran5cerver 
wtlh CAT System 

- 
I 

Paragon 
Amaleur l ra t i ' . r~~vt . r  wtth 
General Coverdqe Recelver 

I1 
- 

I 7.rms. *. - oer<,v i  . ~ K L S  accaprm U I I I I I  IIII~LILLLY I I 
r,, rnriiim shlpptn~ UPS 

COfl B'r S? 35 wr package Prices are 
suh~ecr ro rhdnoe w~rhoor ool,re or I t  
I OD'#04ltOn P lW.~ l I  a?? no1 $010 101 

e,d m n  nurho- ZM rervrnr are IUD. 
PC' 10 d 15% r ~ ( r ~ ~ ~ m o  an0 han0Lno I 

R 7000 4 
General Covrr.lr~r, Recelver 1 

I, 
I 

4 

1 

1 
J 

T 
M I ~ I  Hdlldheds 

lor 2m or 440 MHz 

. ~~ ~ 

7 ~a 

lee and crmtr wgrl DP I S S U C I ~  tor use on 
YOU, next purchase E G t  supporls Ihe NEW 
manurarturers wnrranrler rn per a 
COPY or r varranly ~ r r o r  10 porcnare. 

FT 757GX Mark I1 
HI iranscetver wnn 1' 

call cusl-I ICIV?~? dl 703647.1063 
and 11 w111 ns lurnfsned ar no cosr General Coverage Receiver 

New 
Improved 
TH 215AT 
2m H'indheld 

ATl45AT 

Wtn te r  Buyer 's 
G u r d e l C a t a l o g  

A v a ~ l a b l e - S e n d  $1. 

Tiny HTs tor 2m l440  MHz I 
ALR-22T 

Compact 2m Mobile .I 

R 5000 
General Lovt~r.ioi. Rece~ver 

FRG 9600 
S C ~ I ~ I I ~ I I ~  141 I t3iver 

lor 60-905 MH7 I M t A M l S S  
I C  02AT103AT104AT 

Handhelds lor 2m/220/440 a 
Amateur HF Bands 

, ~ ~ ~ , * '  ;j,.~!..,nt,~ P .  1: ALD.24T 
h l ~ , . ~ ,  ~ { C l d n  Hnh i . ~ n  Compacl i .. ! . I I ~  Moo le 

, (,~tf len H ~ s l ~ e r  . .rtset~ lor 7m h 4.1 1 Mrlz 

~ n t e n n a  ~pec ia l ls ts ,  UNARCO-ROHN Packet  ont trollers AMPLIFIERS 
Centurion. Smiley I1 TRI-EX 

' K,~r'lron~cs nntl MI J Vocam. I)dtwa. T L  Syc;lems. 
Amp Supply. M ~ r a g ~ .  Al~nco. i Antennas in Stock 

HY-GAIN Amateur Software Amer~tron. Tokyo ~y -power ,  ' 
lor Mobtles. Base Slal~ons. 

Ask lor pdckdqe qttotes on Ham Data Sotlware l a  I RF Concepts I SONY and Handhelds 
complete lower assemblies Commodore Computers 1 i Rec~~ve rs  

I Everything lrom mlni rubber including Ph~llyslran, guy Ask lor Descr~pt~ons ANTENNA 
REGENCY 

, duck~es to huge monobanders wire. antennas. relators, elc. , Amp Supply. Amer~fron. MFJ I 

I RTTYlrM~rselAmtor s ~ i t , ~ ,  coupiem, F I , ~ ~ ~ ,  
BEARCAT 

/ ASK FOR PACKAGE ROTATORS Hardware and and Connectors, Mikes, Keyem. Scanners 
/ DEALS ON /INTENNAS Kenpro. Alllance. Da~wa, ' packages by Kanlronlcs. 

paddles, ~ ~ ~ d ~ ~ , ~ ,  t-locks, AND ACCESSORIES I CB RADIOS , 
i' Telex Hy-Ga~n M~crolog. HAL. MFJ. 8 more Books. Power S u ~ ~ l l e s  Midland. Cobra. Un~den 

1 ~ntennai?!?iarkers, Marine, Commercial, and CBS, 

I Shorl wave Listening 

L t -.-*------ ---= - --- - - -=A- . - 
62 n February 1988 ,, 150 



Have you been trawling the bounding main for a new product'? We have just 
netted it-the TP-38 microprocessor controlled community repeater panel which 
provides the complete interihce between the 
repeater receiver and transmitter. Scuttle 
individual tone cards, all 38 EIA standard - 
CTCSS tones arc included as well as time and hi t  accumuI;~tor\. pro~r;~nlmahIc 
timers, tone translation. and AC power supply at one low price ol~S505.0O.~The $595.00 each 
TP-38 is packed like acan of sardines with features. as a matter of fact the only $59.95 DTMF module 
additional option is a DTMF module for.$59.95. This module allows complcte $149.95 Digital CTCSS module 
offsite remote control of  all TP-38 functions, including adding new customers or  
deletingpoor paying ones, over the repeater receiver channel. 

Other features include CMOS circuitry for low power consumption, non-volatile 
memory to retain programming ifpower loss occurs. immunity to falsing, pro- 
grammable security code and much more. The TP-38 is backed by our legendary 
I year warranty and isshipped fresh daily. Why not set passage for the abundant waters 
of Communications Specialists and cast your nets for a TP-3% or other fine catch. 

COMMUNICATIONS SPECIALISTS, INC. 
West Taft Avenue h a n  e CA 92665-4296 

Local (714) 998-3021 . FAX (7147 474-3420 
Entire US.A. 1-800-854-0547 

VM 
D 



ALL MODEIS HAM I YEAR WARM '- 
D p u f =  

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-to-Noise Voter 
t ~ ~ a n d a b l ~  10 J? I:II.~I~III~I h y  .l<lrt n < l d l n ~ ~  Cad\ . Conllnoou.. Vllllllg 
LFO lndcalors 01 COR and Voled Stgnal5 
Roll1 ~n Cal~hrator 
R ~ o ~ o l e  Vlrlrd Itld1cdlor5 Plllned Oul . 4') x 6 Double S d r d  Gold Pl.ltrd 44 Pln Card 
Rcntolc D8sable Ihsn~l\ 
MORC 

Bu~lt, tested and calibrated with manual 
$350.00 

Telephone tnlerlace n o w  available 
For more  ~ n l o r m a t t o n  call o r  Write 

HALL ELECTRONICS 
Voter Department 

815 E Hudson Slreet 
Columbus. Ohlo 4321 1 

(614) 261-8871 
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R-7000 W~despon Panadaptor 

Panadoptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables. 8 90 day 
warranty. $349.95 Shipped. Po. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton. Pa. 18235 
71 7-386-4032 

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 rfg 

too old or new for us. muwe 
4033 Brownsville Road 

Trevose, Pa. 19047 

21 5-357-1 400 
m 



radial line stub design 

0 

LOCAL 
OSCILLATOR- 

EADiA' Y K  I F  1 OUT 

0 
S T U B  

F I  

STUB 
F P  

fig. 1. Examples of microstrip design using radial line 
stubs t o  provide rf potential grounds: (A)  mixer; (BI 
doubler. 

BASIC program 

helps determine 

microstrip circuit element 

The radial line stub is a microstrip circuit element 
which provides a point of rf ground potential at a par- 
ticular frequency, based on the physical parameters 
of the substrate and the geometry of the stub. Partic- 
ularly useful in designing mixers, bias circuits, and 
doublers in the microwave frequencies, it is relatively 
short compared to quarter-wave stubs and has a 
broader resonance, but provides a precisely located 
input. Figure 1 illustrates two examples of the use of 
the radial line stub. 

simple program solves for dimensions 
Computer-Aided Design (CAD) techniques have 

been used to design these stubs for Amateurs. 
Equation 1 is an algebraic expression yielding a 

linear approximation of the CAD segmented microstrip 
model, solved for the outer radius, RL for either 60- 
or 90-degree stub angles.' 

log RL = A log (JET f) (1) 
+ B log H + C log Rs + D 

Note: RL = RL (in listing) 
ER = ER (in listing) 

f = F (in listing) R, = RS (in listing where RL  is 
the long radius of the stub in meters; A, B, C, and 
D are constants, which are functions of the stub an- 
gle; ER is the dielectric constant; f is the frequency 
in GHz; H is the dielectric thickness in meters; and Rs 
is the short radius in meters. 

The BASIC program, RAD-STUB, (fig. 2) gives the 
value of RL, the outer radius. The required parameters 
are the frequency, dielectric constant of the substrate 
and its thickness, and an estimate of the inner radius, 
Rs The result approximates the resonant frequency 
within 1 to 2 percent for 60-degree stubs, which are 
the most frequently used. 

The BASIC program is straightforward. While it was 
written for the IBM PC, it should run with other BASIC 
languages if modifications for screen, input, and ex- 
ponents are made. Line 9 clears the screen and 
removes the function keys from the PC screen. Lines 
30-60 may have to be split into print and input state- 
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9 CLS: KEY OFF 
10 P R I N T  " S S S S t S S S S S S S t t S  R A D I A L  STUB D E S I G N  I t S S l l S S S S S S S S S S S * "  
20 REM by G e o r a e  W. A l l e n .  N l B E P  
25 P R I N T :  P R I N T  
30 I N P U T  "Fresuencv. QHZ ( 0 . 3  - 30)":F: ' S t *  F=Freauencv. QHZ 
40 I N P U T  " D i e l e c t r i c  c o n s t a n t " : E R :  ' $ S t  E R = D i e l e c t r i c  c o n s t a n t  
50 I N P U T  " S u b s t r a t e  t h i c k n e s s .  i n c h e s V : H :  ' * S t  H = S u b s t r a t e  thichness 
60 I N P U T  "Inner radius. i n c h e s U : R S :  ' t i t  R S = I n n e r  radius 
70 H=HS -0254: RS=RSt .0254 
180 P R I N T  " S t u b  a n q l e  1-60. or 2-90 deqrees"; 
85 I N P U T  K: ' S a t  K = STUB ANGLE 
90 ON K GOT0 100.120 
100 A=-. 8232: B=. 0572: C=. 1169: D=-. 8082 
110 GOT0 130 
120 A=- -851 :  B=.0614: C=.0877: D = - - 8 6 9 5  
130 L = L O G ( l O )  
140 E=ASLOG( (ERA. 5) t F )  /L + BSLOG(H)  /L + CSLOG (RS) /L + D 
150 ' S t *  E=LOG(RL) 
160 RL=lOAE:  RL=RLS39 .370079# :  ' t t t  M e t e r s  t o  i n c h e s  
170 PRINT:  P R I N T  "Lonq radius is" :  
180 P R I N T  U S I N G  "###.####":RL: 
190 P R I N T  " inches" 
200 END 

fig. 2. Basic program for  radial l ine stub design. 

(A )  Frequency, GHz (0.3-301, 10 
Dielectric constant? 9.8 
Substrate thickness, inches? 0.25 
lnner radius, inches? ,002 
Stub angle 1-60, or 2-90 degrees? 1 
Long radius is 0.0743 inches 

(B) Frequency, GHz (0.3-30)? 1.296 
Dielectric constant? 2.3 
Substrate thickness, inches? .06 , 

lnner radius, inches? ,002 
Stub angle 1-60, or 2-90 degrees? 1 
Long radius is 0.7625 inches 

f ig.  3. Program results fo r  (A1 10 GHz and  (6) 1.296 GHz. 

160 OR 90 DEGnCE7I 

/ A ~ L O C A L I Z E D  INPUT P O I N T  

M I C R O S T R I P  

f ig.  4. Mixer  s tub  geometry, t o p  v iew.  

ments. Lines 140 and 160 use the caret for exponen- 
t i a l~ .  Line 180, which truncates the printout to limit 
useless digits, may be just a PRINT command. The 
constants for 60 and 90 degrees, lines 100 and 120 
are based on metric units, although common usage 
is in inches for printed circuit material; lines 70 and 
160 accommodate the conversion. The equation is in 
logarithms to the base 10, so lines 130, 140 and 160 
convert to natural logarithms and back to solve the 
equation. 

examples 
Two examples of the program's output are showrl 

in fig. 3. The limits of the approximation are from 0.3 
to 30 GHz, but the result becomes quite broad at the 
high end. The dielectric constant values should lie be- 
tween 2 and 15 for the values of the constants used 
in the approximation. The results are consistent with 
the values of dielectric constant in practical materials 
at given frequencies, and with the ability to measure 
and etch printed circuits at these small dimensions. 
Figure 4 illustrates a top view of the stub geometry. 

summary 
A BASIC program solves the approximate equation 

for the dimensions of the geometry of a radial line stub 
for the frequencies between 0.3 and 30 GHz for values 
of dielectric constant from 2 to 15. 

reference 
1. H.A Atwater. "The Design of the Radial Line Stub: A Useful Microstrip 
Circuit Element," M~crowave Journal, Volume 28, No. 11. November 1985. 
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I 1 1  MICROPOWER-2 I 1 1  PC-100 SERIES 1 1  

TECHNICAL INFORMATION 
TOLL FREE 7 30 AM I I PM EASTERN 

(ORDERS ONLY) (pAt--, 3652 West  Cypress St.. Tampa, FL 33603 (813) 874-2980 
800-223-351 1 
EXCEPT FLORIDA TELEX 850-288-1526 MCI 

FLORIDA ADDRESSES ADD 5% $3 00 SHIPPINO/HANDLING PER ORDER 

\ 
FAX. (813) 872-8888 

fl 143 

PACKET CONTROLLER 
A VERY LOW POWER TNC-2 CLONE, 

PERFECT FOR PORTABLE OR SOUR POWERED 
OPERATION. 

- ONLY 40 MA AT 9-13 VOLTS DC 

- SMALL AND LIGHTWEIGHT (5"x7"xIJ/s" 22 02.) 

- HARDWARE HDLC, BAlTERY BACKED 32K RAM 

- QUALITY EXTRUDED ALUMINUM CABINET WITH 
BAKED WRINKLE FINISH 

- SUPPORTS BOTH RS-232 AND l T L  COMPUTERS 

- USES TNC-2 EPROMS - INCLUDING NET/ROM 
FIRMWARE VERSION 1.1.5 PROVIDED 

ASSEMBLED AND TESTED 
ONLY $1 79.95 

SPECIALIZED 
COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! 

SINGLE AND DUAL PORT 
PACKET CONTROLLERS ON A 

PC PLUG-IN CARD 

- DOES AX.25 AND TCP/IP WITHOUT AN 
EXTERNAL TNC OR INTERFACE 

- POWERFUL SOFIWARE PROVIDED ON PC 
COMPATIBLE DISKETTE 

- SWITCHABLE FOR EITHER HF OR VHF TONES 

- HARDWARE HDLC, IC MODEMS 

- CONNECTS DIRECTLY TO RADIO - 
NO EXTERNAL INTERFACE NEEDED 

- PROVISION FOR EXTERNAL HIGH SPEED 
MODEM 
PC-110 SINGLE PORT $169.95 
PC-120 DUAL PORT $1 99.95 

Since 1967. cnverine all modes o f  I -------------------, 

WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT. SOFTWARE AND ACCESSORIES. 

.. - ... . . . . . . - .~ r - -  .. - - ~ -  - 
1 ,  , . . ,  , . ,  ,, , . , ,  : , . .  :: . " i  Rack issues availahle. SASE brings I ,. , ,  , ,,, , , , , ,  ., ,,, , ,,,,. , , ,  , .  ,, , ,,. 

THS8OC. CM. IRM software cataloe. I .. ,.., , ,. ,. , .,,... , ,# 1 . 8 0 0 - s 4 3 - 3 5 6 8 ~  1 , s .  ~ ~ ~ i i  ! 

A m a t e u r  H a d i n  i i spec ia l t y "  
cnmmunications; Fast Scan TV. SSTV, 

AMTOH. Satellites, TVKO. Microwave, 
1.sr;l.r~ anrl more! 10 iwues ner vear. 

FAX, Packet Radio, Computers, KTTY, 

C1.S. suhscribcrs $2Olyear. Fnrei in 
sliehtlv hieher. Add $2.00 for Index 

r---------------- 

I THE ULTIMATE I I 

! ELECTRONICS CATALOG. 1 

. . .  
1s\uc. 
SPEC-COM Communications & 
Publishing Group 
P.O. Box H 
Lowden, Iowa - 
52255-0408 1 n ~ d d ,  il 

- 

" ", .': . .  , 

. . 

John J. Meshna Jr., Inc. 
Surplus Electronics 

N.w fn oh- M n h d  d l s  SLW ma $1.25 
2716 uv PRO& -a*d from quip.  OK 1.50 
lnfm R.d wievmr kit w l  lR  uums & mnuml 188.W 
Mmu.1 only for a h .  IR  kit 10.00 
~ i n l  h i . r d w  nimt riVon p o l l  lupplv 12vdr 
,"put. 14.5kv 15u. ournut 1.601. 40.00 
New. 12" 2 c d o r  plrm. dobe wl PO- YWV 575.00 
AS . b e  wth  custom beu, c d w  b l r k  675.00 

N ~ W ,  5 pl-• #& w/ p a r  supply 175.00 
N.W, K ~ O  mitch,np p o w ,  wpply, +-6 0, +12 
2.8.. + l a  2.. &- 12 r .5. r q .  & tilmnd 26.00 

N.W. mltron smah.,. +k 4.. + l a  4+-5v 4 
& - l a  4.120D...n -.I Rep 8 tol-nd 46.00 

New. Pan-noc rscharpable u4.d 1.d r i d  b.b 
mry 6r 3 ch 8.60 

Nsw, 12" 12.h rrharpable n iud  m 25.00 
Jsmil WS-lOm 24 rhnnsl u td l i temr .  w l d a r n  
comertor fi I n l t ~ e t i m s  60.m 

110 r r  Wdl A d p m n  
6 rdr 250 ma WI 8' c a d  fi brnl eon-tW. Thk 
an N ~ S  m 110 a 220 Innuhl.lrUb(ol 260 

9.5 rdc 1 amp wl  ,I cord 8 b r d  eonnr tw 4.50 
12 rdc 5M maw/ 6' rord & bnd con-(a 4.00 
1 2 r r  CT 1.7 amp. lY  cord 2 pin ir(; 6.00 

JOHN .I, MESHNA JR.. INC. SURPLUS ELECTRONICS 
19 Allermn SL P. 0. Box 8082 E. Lynn, Ma. OISCd 
Phor* w b n  -pt.d m MC, VISA w A m r i m  Expr- 
Ovdsn only 1.BWMESHNAS $20 minimum order. Caw 
lopua nqu- & other ~nquorks. PI- dial 1617-5952275 
Fall UUIOW~ now a*l.ble 68 P.O. 01 good SNHII 
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ham radio 
"the greatest little 
radio magazine 
in the world" 
VHF? Yes. Single sideband? Yes. 
Beam Antennas? Yes. Microwaves? 
Yes. Propagation? Yes. 

The year was 1930. America was in 
the grips of the Great Depression. The 
unemployment rate, during that harsh 
winter, was over 30 percent. Wall 
Street was in a panic. The future 
looked bleak, indeed. 

From the perspective of today, the 
world we knew in 1930 is hard to ima- 
gine. No one had heard of Ronald Rea- 
gan or Olivia Newton John. No homes 
contained TV sets, VCRs, air condi- 
tioners, or electric blankets. No one fig. 1. Early issues of "Short Wave Craft" magazine were full of exciting. new ideas. Fea- 
had heard of atomic meltdown, jet air- ture articles on short wave medical applications ldiathermyl. "moonbounce", and inex- 

craft, coffee machines, water beds, pensive phone transmitters guaranteed high interest among would-be hams for each new 

hand calculators, word processors, or issue. Articles by Dr. Alfred N. Goldsmith and Dr. Willis Whitney satisfied the more techni- 
cal readers. 

microwave ovens. 
Young men, with little money but 

plenty of time on their hands, slowly 
grew interested in shortwave radio. 
For a dollar or so, an old battery radio 
could be bought, stripped down, re- 
built into a two-tube shortwave re- 
ceiver. A second-hand car battery 
would provide filament power, and B- 
batteries were cheap. 

Once the set was completed, the 
builder had the world at his fingertips. 
But it didn't come easy. Where was 
the information he needed to build a 
two-dollar shortwave receiver? And 
when it was built, what could you 
hear? What was going on in the world 
of shortwave radio? 

meet Hugo Gernsback 
fig. 2. As "Short Wave Craft" matured. i t  appealed more to the amateur market. Covers 

Into the growing hobby stepped a by "Paul" (above). who did the covers for "Amazing Stories" were a feature of some is- 
giant with an imposing track record of sues. ~nterest in shortwave listening seemed to be dropping off, so the magazine catered 
accomplishing feats that others to  radio hams until World War II. 
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Y o ( l  vtb  w.l~te(l ,1 lonE tlfnc fnr , I  

s~rnplc lellable. low-cost 9600 
baud PACKET NETWORKING 
system. Now you ve got !tl Our 
new MO-96 MODEM and dlrect 
FSK Transmitters and Receivers 
for 220 or 440 MHz Interface 
dlrectly w ~ t h  most TNC's Fast 
dlode sw~tched PA'S Output 15 
or 50W Call for complete Info 
on the r ight system for your 
appllcatlon. 

GaAs FET 
PREAMP 

KIT, ONLY $675 
WIRED $975 
VHF OR UHF 

XATURI 
SENSITIV 

nodels glve 
, -c..,,-.. 

ES: 
ITY scorn 
s 1248 SIN 
a .......... L. 

end on vh 
UHFmode .. 

I 
F E T M  f 

n 5uv (220). 'I 
@ L J U V  ~ I U .  WIUY WIUI U ~ L I U I I ~ I  I I C ~ I L ~ Q  ~ e ~ u ~ ~ d t o r p r e a m l  
*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole k 
ceramlc f~lter for > 10OdBatonly 5 12kHr. Hel~cal res, t 
end to combat desense & Intermod 
.CLEAN, STABLE TRANSMITTER. up to 18W Output sta,.,,s,. ,,.V 
w ~ t h  accessory power ampllfler 
*FCC TYPE ACCEPTED for commercial high band and uh 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch. 
automatic frequency control to compensate for off-frequency trans. 
mlners (all standard features). 
*Full range of optlons ava~lable, such as autopatch, p l  r 
rad~o remote control, sub-audtble tones, duplexers. 
7--=-- . . . . . . .  

FEATURES: 
*Verylow Noise: 0.7dB VHF. 0.8dB UHF 

*HI@- 13.20dB. dependlngon frequency 

*Wide Dynsmk Range: to reslst overload 
*Stable: new.type dual.gate GaAs FET 

ID TO NOR 
ADof 0.121 --. :..-.., b.. 

IEl OaAe 
JV (vhf). 0.1 
.a:--, -A"..-, 

;tal filter f 
onator fron 

-COR-3 Klt. ~ortt!>&kts and 
aud~o mlxers needrd to make a 
repeater. Tail & tlrne-out tlmers. 
local spkr ampl, courtesy beep 
. . . . . . . . . . . . . . . . . . . . .  $49 
*CWID Kit. Field programmable. 

. . . . . . . .  timers, the works $59 
* T D - 2  D T M F  DECODER1 
CONTROLLER Kit. Full 16dlglts. 
S W I ~ C ~ C S  5 functions, toll call 
restrlctor. programmable, much 
more. Great for selectlve calling 
tool . . . . . . . . . . . . . . . . . . .  $79 
*AP-3 AUTOPATCH Klt. Use 
with above for repeater auto- 
patch. Reverse patch and phone 
line remote control std. . . .  $79 
*AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD HI(. Use wlth 
above for slrnplex autopatch 

lone line o 

. ,, 
O N L Y $ ~ ~ I ~ ~ .  

$39 wirednested 
GaAs FET Preamp 
slmllar to LNG, except deslgned for Im cast 
h wrulldze. Only 518'W x 1.518.L x 314'H. 
Eas~ly mounts In many rad~os. 

Spccrfy lunrng range d?s,red 25.35. 35.55. 
55 90. 90 120. 120 150. 150.200, 200.270. 
or 400-500 M H z  

IRS: 
I It $179. 2W 

xtal oven optlons available. 
*TA51 for IOM, BM, 2M, 
159-174.229 MHz. 
nTA451 for uht. 
FCC tvDe accepted for co 4 

)ut from 11 

IN-LINE 
PREAMP 

ONLY $ 7 9 / k l t .  

*Call for latest ~nformation on 900 MHz transmitters. 
*VHF & UHF AMPLIFIERS. For FM. SSB, ATV. Out[ 
to 50 Watts. Several models, k ~ t s  starting at $79. 

. . . . . . . . . . . . . . . . . . . .  $39 
* M O . 2 0 2  F S K  D A T A  
MODULATOR Kit. Run up to 
1200 baud d lg i ta l  s ~ g n a l s  
through any'frn transmitter with 
ful l  handshakes. Radlo l ink 
computers, telemetry gear. *R144/R220 FM RECEIVERS for 2M. 

150-1 74. or 220 MHz. GaAs FET 
front end. 0. U u V  sensltlv~tyl 
Both crystal & ceramlc 
filters plus helical resonator 
front end for exceptional 
selecttv~ty: > 100dB at +12kHz 4 

etc. . . . . . . . . . . . . . . . . . . .  $39 
O D E - 2 0 2  F S K  D A T A  

GaAs FET Preamp w~lh features slm~lar to LNG 
serles. except automatically twitches out of 
line durlng trmsrnlt. Use wlth base or moblle 
transcefvers up to 25W. 

DEMODULATOR Kit for rcvr end 
of lank . . . . . . . . . . . . . . .  $39 

.spectry tuntng range desrred 1 2 0  175. 
200.240 or 400-500 MH? 

...... " .... 

5,s 5 ,  2" >" 

VHF 1 1 1  1 1 "  1" 10 

MODELS 
141  146  l l  3 0  
s.5n.7 ,a30 

*R451 UHF I. Similar to above. Tuned l~ne front end, 
0.25uV sens. ( w . l u v  with optional hel. res. preamp). Kit $149. 
wlt $229. 
*R901 FM RCVR FOR 900 MHz. Tripleconversion. GaAs FET front 
end. 0.2uV sens. Kit $169. wlt $259. 
*R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220. Without he1 
res or afc. K ~ t s  only $129. 
*Weather satellite & AM Alrrrslt recslven dw wall. 

LOW 11015C preamps w~th helfcal resonators 
reduce lntsrmad 6 cmss-bsnd tnterference In 
crlt~cal appllcatlons 
MODEL HRA.('), $49 vhf. $84 uhf 

UHFMODELS 
R ~ t w l l h C a s ~  169 :::::: 
r~llnsCna 149 412.36 m u  
wNte4wicaa $99 ,>:::: 

n 1 9 2 1  .lo.% 

Saccatalog hvlullllnc DrZr lramllring 
cmrsnro for vnrr vnr nltr only $79 

L I M ~ ,  Ilmpbheo lrall up lo SOW 

. Spw,fy lunmg range dewred 143 150. 150- 
158. 158162. 162 174. 213233. 470-450. 
950.465. or 465-475 MH? 

- 
FCC TYPE-ACCEPTED TRANSMITERS &RECEIVERS AVAILABLE 

FOR HIGH-HAND AND UHF. CALL FOR DETAILS. - - - ____ 



#+lzgp$ YOUR HAM DOI.I.AR GOES 
FURTHER A T . .  . 

13IJLLI:TIlV 
CALL OR WRITE FOR SPECIAL OUOTf 

' 6 - CALL US "AMIItCA'S MOST REllABLE AMATEUR RADIO DEALER 

NOW! SELL-TRADE 
New & Recond~t~oned 

U 

In 1937. Stan Burghardt (WPIT), because of hls Intense lnteresl In 
amateur rad~o, began selling and servlclng amateur radlo equlpmenr 
In conlunctlon w~th hls rad~o parts business. We stand proud of thls 
long-last~ng trad~t~on of Honest Dealing. Quality Products and 
Dependable "S-E-R-V-I-C-E"! 

Above all. we fully Intend to carry on thls proud trad~t~on w~th even 
more new product llnes plus the same "fair" treatment you've come 
to relv on. Our recond~t~oned eaulDment IS ol  the flnest quality wlth 30. . . 
60 and even 90-day parts and labor warranties on selected pleces 
And always remember: I STORE HOURS: 

1 1  P 1 1C%11l 
IO*OAV m IWDAI 

OI IW I 1 I Y I D A ~ S  I 
- WE SERVICE WHAT WE SELL - 1 *" , ! . M  ,U,I 

LLmIo 

.I~rOld/@Plhl 
vsntronlcs 
rOKlFncomm 
KLM 

I ar?PI. 
rFLj 

Palomar 
Radlo Lallbn:d 
Rohn 
Te\ex/ t ivqalr~ 
Ten-TPL 

Tr~o-Kenwood 

SSB ELELIRONIC TRANSYERTERS 6 PREAMPLIFIERS 
I I ?. I :  VIIII , ! l ' I A l l  I l l  I',.I'I 
11135 <In> 1.1.1 h v r * ,  ;'O\(, 1 ; a A ~ t ~  
LT:I:, !:,m 1.14 rrrt# !nvi I,ii..rr: 

MI, qn x rn11~8, rm rvsrr rI IV, ii.,a,,t~I s..,rl 
tr, r l , . , ,  . ~ n w  n, \ c  [,.,A, I..; ;#I,. amps ItnmSl ' , I  

S<,~:P< rr L M I ~  C,iZ\t,.I llllhl lmrn S1.Y 

TRIWWZRTIRS UWUYmO 
11)(V7R 77l7 MH: Xvrlr ?R M YI IT.  M W 1210 
114417R 1Jd MH: Xvrir 7Rw MIF.75 W 1149 
PA137M W? MHz 7 l u h  PA. 7MW + 
l'A?l150 I?* ?lube PA 150. W 
l 'A lR?S ??&I I I u h P A ,  75 + W 
H+4M Ho l i  nllwer r t l a y  2Kw dl 144 MU1 S1.X) 
I1KilIXI M ~ t l ~ , n l  Dorcr rel.ly IKW d l  144 MU, S 1,') 
Factory Authorized Dealer lor SSB Eteclmnics 

for north Arnerlca 
T(UIWERl€RS UWLIMITEO TRlNMRlERSUWUMllEO 
ROX67f f iC lAT10Ll  A 
I ~ H ~ N T ~  ~NIAIIII~ I' I !  AOX 178 

NI  iY IIOSTON. NU 03070 

/ 140 

70 February 1988 

MODEL 
SC.1WF 

MADE IN $429.95 
USA dllklled 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps w11h 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 @ % Amp 
Available tor 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 wr~te for details Phone in your 
order tor fast COD sh~pment. 

VANGUARDLABS 
f l  141 
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broadcast receiver bouaht for 25 cents 

fig. 3. The "Short Wave Craft" magazine changed it name to"Radio andTelevision" in 1940, 
after a brief existence as "Short Wave and Television." But by 1941 the magazine was frag- 
mented, vainly trying to appeal to various radio hobbyists. After the war, the magazine 
combined with other Gernsback publications and eventually became "Radio Electronics." 

thought impossible. He had estab- "afternoon radio DX" 
lished the world's first radio store and One of the greatest attractions of 
sold the world's first radio magazine. Short Wave Craft was the number of 
His name, Hugo Gernsback, was well "do-it-yourself" articles. Ham radio 
known as that of the publisher of was going through a population explo- 
science fiction magazines. Now he sion, with ranks increasing from slight- 
was going to turn his hand to publish- ly over 20,000 to over 34,000 in only 
ing the greatest magazine in the world two years! Most of the new Amateurs 
for shortwave enthusiasts! were high-school boys who had plenty 

of enthusiasm - all they needed was 
Wave magazine information. As the magazine pointed 

The first issue of Short Wave Craft out, a second-hand battery-operated 
magazine hit the newstands in 1930 at 
the exorbitant price of fifty cents. 
Though the pricing was a blunder, the 
magazine was an immediate success; 
the cover prke soon dropped to a 
quarter. Bursting with new ideas arid 
exciting circuits that a high-school lad 
could understand, the magazine quick- 
ly became a focus of interest among 
the younger generation. It opened the 
door not only to shortwave radio, but 
to Amateur Radio as well (f igs. 1, 2, 
3).  

While a certain proportion of the ar- 
ticles sailed over the heads of most 
readers - for example, those about 
sideband transmitters (see fig. 41, in- 
verted speech for transatlantic tele- 1 
phony, and curtain array antennas - 
each issue had enough down-to-earth 
contruction material to satisfy begin- 
ning hobbyists. 

- 
or less could provide everything need- 
ed to get on the air with a receiver and 
a phone transmitter! 

The receiver was a two-tube job 
(fig. 5) .  Either type 30 or type 201A 
tubes could be used. All of the parts 
came from the defunct battery set. A 
passable pair of headphones cost less 
than a dollar, and doorbell batteries 
could be had for next to nothing. 

The transmitter circuit (fig. 6), how- 
ever, was another matter. The big 
stumbling block was the microphone. 
Everything else came from the old 
broadcast receiver. If vou knew the 
right guys, you could get a "mike" 
from a telephone for fifty cents. (They 
were probably "liberated" from pay 
phones, but it was wise not to ask too 
many questions.) 

Once all the parts were assembled, 
a day's work would produce a bread- 
board transmitter that would work in 
the 160-meter band. It ran about 20 
watts input, which, with a 120-foot an- 
tenna, provided a range of about 50 
miles. 

This was a lot of fun! The band 
came alive about 3:30 in the afternoon. 
when everybody started coming home 
from high school. From that time, un- 
til just before dinner, the band was 
yours! These wobbly, little phone 

5 

D 

GRID MODULATION 

fig. 4. A look at single sideband in 1930, when it was hardly a household word! Be. 
cause of the problem of building a high-Q sideband filter, the early transmitters start- 
ed out with a balanced modulator in the 20 kHz to 50 kHz range. This circuit shows 
sideband generation in the 16-19 kHz range. with additional mixing to 265 kHz. 
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fig. 5. A real shortwave receiver for 
pennies that actually works. Thou- 
sands of would-be hams built this sim- 
ple set from the pages of "Short Wave 
Craft" during the "thirties" and were 
thrilled wi th  world-wide reception. 

transmitters allowed groups of en- 
thusiasts to  talk all over town and - 

once in a while - even out of state! 
Then, shortly after 5:00, the "big 

boys" started coming on the air, after 
getting home from work. How could 
a little 20-watt modulated oscillator 
compete with a high-power, 50-watt 
crystal-controlled rig? It couldn't, and 
the high-school gang regretfully went 
QRT until the next day. 

As the months went by, the higti- 
school afternoon gang slowly disap- 
peared. Some went to  college, others 
got jobs. Most of them upgraded their 
equipment and the little oscillatvrs 
were forgotten. 

So was Short Wave Craft magazine. 
The breathless, wide-eyed approach to 
shortwave radio was out of fashion. 
Build-it-yourself projects still appeared 
in the magazine, but they were aimed 

fl 137 
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at more technically minded readers. one of the many Gernsback Publi- 
An increasing portion of the magazine cations. 
was devoted to television. More and 
more young Amateurs turned to QST, TVI revisited 

- 
which suited their moods better. Even Now that 10 meters is coming back 
so, the "greatest little radio magazine to life, the problem of TVI is becom- 
in the world" lasted until after World ing more prevalent. Since the last big 
War II, when it was reborn as Radio period of 10-meter activity (around 
Electronics, which endures today as 19781, television has undergone 

P FEEDER FOR SINGLE WIRE MILL1 AMMETER 
002- / VOLTAGE FED HERTZ PINT 

ME \ 
C 2  1 05C 1 R F C  

fig. 6. This modulated oscillator provided a 15 watt carrier. If properly built, the stability 
was passable and audio quality was quite good, considering a telephone microphone 
was used. The whole rig was breadboard construction on three shelves. Hams who could 
not afford a 10 transmitting tube, dropped the voltage and used a 245 or a 226, depend- 
ing upon the state of their pocketbook. 

7 5  ( : : . -Z:I~~) 7 

fig. 7 .  Balanced filter breaks both conductors of 75 ohm coax for improved TVI 
reduction. 

changes. More and more receivers are 
either on cable systems or, if they're 
not, employ 75-ohm coax lead-in in- 
stead of the popular 300-ohm ribbon 
line. 

TVI (high-pass) filters are available 
for 75-ohm line, but they don't seem 
to do the job. I've given some filters 
to my neighbors, but they report very 
little improvement when I'm on 10 
meters and they're watching channel 
2. 1 crosshatch the screen with lines 
regardless of whether the filter is in- 
stalled in the line or not. 

The problem seems to be that the 
75-ohm line acts as an antenna for my 
signals, and the TV antenna itself has 
little to do with it. If the coax line can 
be broken at the set, from a TVI point 
of view, the interference should dis- 
appear. 

My friend "Bip", WGBIP, who's an 
expert when it comes to TVI problems 
and solutions, tipped me off on how 
to cure this worrisome interference. 
His solution, which works fine for me, 
is to use two 4:l TV balun transform- 
ers back-to-back with a 300-ohm TVI 
filter connected between them (fig. 7). 
The balanced filter breaks both line 
conductors and the baluns prevent line 
unbalance caused by inserting the 
filter. 

Bip cautioned me that the little TV 
baluns (which are nothing more than 
a few fine windings on a ferrite bead) 
have some loss, and if this trick is tried 
in an area of low TV signal strengths, 
it might put too much "snow" on the 
picture. The solution, then, is to install 
a broadband amplifier after the filter 
and before the TV set. 

Bip also pointed out that it's good 
insurance to wrap the power cord to 
the TV around a high-permeability fer- 
rite core just to prevent the possibility 
of your signal sneaking in through "the 
back door" of the TV set. 

I'd be interested in hearing from 
readers who have solved tough inter- 
ference problems. Your solution may 
help others who are in trouble. Write 
to me at Box 7508, Menlo Park, Cali- 
fornia 94025, with your ideas. 

ham radio 
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book 

This was a quick and easy solution. 
Installing two capacitors - a 0.47-to- 
1.0 LLF capacitor from the 12BY7A bias 
terminal to ground and a 1 .O-to-3.0 PF 
capacitor from the 6146 bias terminal 
to ground - eliminated all clicks. Both 
of these capacitors should be rated at 
200 volts dc or more, and the positive 
ends of the capacitors should go to 
ground. (The lower values are for the 
80 wpm types. A t  30 wpm, the higher 
values are fine, although either set will 

rebuild your C-64 
keyboard with C-16 parts 
Some heavily used Commodore 64 
computers develop the dreaded "key- 
board stutter" and certain letters fail 
to print as their keys are depressed. 
Disassembling the keyboard unit and 
cleaning the printed circuit board 
provides only a temporary solution as 
the cause of the problem is a loss of 
elasticity in a small plastic part in the 
keys. 

Radio Shack stores, Jameco, and 
All Electronics Corporation sell a sur- 
plus keyboard unit for the Commodore 
16 computer. While not electrically 
compatible with the C-64 keyboard, 
the moving mechanical parts are iden- 
tical and can be used to rebuild it. The 
job takes a couple of hours and re- 
quires more patience than technical 
expertise. Use the procedure below to 

tops from the C-64 keyboard and in- 
stall them on the C-16 board. Make 
sure that a spring is in place under 
each keytop and each key is snapped 
in place on its pin. 

Unsolder the two wires attached to 
the small gray plastic square on both 
keyboards. Detach the printed circuit 
board from the C-16 keyboard by 
removing the 30 or so tiny Phillips 
screws and gently prying it out. Dis- 
card this board and the attached wires. 
Take the printed board from the C-64 
keyboard and install on the C-16 
board, making sure the two wires are 
soldered in place. Discard the remains 
of the old C-64 keyboard. 

Install the rebuilt keyboard in the 
C-64 and reassemble the computer. 
Enjoy! 

Don Norman, AF8B 

minimize parts fall-out. 
Start by removing all the keytops 

curing FT-IOIZD 
from the C-I6 board. They can be key clicks 

eliminate the problem. 
The modification is simple. Remove 

the top and bottom covers of the 
FT-IOIZD and place the set on its 
right side. The Rectifier B Board is 
located near the back. Terminals are 
clearly identified: the ground terminal 
is towards the rear of the set on tte-- 

second row of terminals; the 128' 
bias terminal is the third terminal, dr?d 

the 6146 bias terminal is the fourth ter- 
minal in that row. 

I later decided that a slightly better 
solution would be to conriect the 
negative end of the capacitor for the 
12BY7A to the junction of R12 and 
R17, and the negative end of the 
capacitor for the 6146 to the junction 
of R13 and the center lead of VROI. 
I tried this with clip leads and it 
worked, but a permanent installation 
would have been more difficult. The 
keying is clickless now, so I left it 
alone. 

(Others have tried this modification 
on the FT-901, FT-902, and FT-102 

snapped off their pins by prying under The FT-IOIZD transceivers are indeed and found it to be effective.) 
one side with a flat screwdriver while excellent. But when we used a couple R.H. Mitchell, N5RM 
pressing against the opposite side with of them in our multi-multi cw contest 
your thumb. There is a small coil spring station, we received several reports of 
under each keytop. Set the keyboard heavy key clicks from frequency 
aside. neighbors. 

Open the C-64 by removing the After the contest, I spent a number 
three screws underneath and gently of hours trying various modifications 
prying the unit apart at the front. to the solid-state keying unit located 
Unplug the top unit from the main in Rectifier B, with two burned-out 
board and set the bottom unit aside. transistors and only marginal improve- 
Remove the keyboard from the top ment. Finally I decided that the time 
part of the computer by taking out the constants in the 12BY7A driver and the 
large Phillips head screws. Set the top 6146s final grid bias circuits had to be 
part of the case aside. Take the key- changed. 
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noise, signals, and 
amplifiers 
Gain, bandwidth, and passband 
shape are important amplifier charac- 
teristics on any band, but circuit nolse 
is the first consideration with VHF, 
UHF, and microwave ampl~fiers. In the 
spectrum below VHF, manmade and 
natural atmospheric noise sources are 
so dominant that most receiver noises 
are masked. But at VHF and above, re- 
ceiver and amplifier noise determines 
system performance. In this month's 
column, we look at the various sources 
of noise and why low-noise amplifiers 
(LNA) are used only in the first stage 
or two of a receiver or cascade chain. 

At any temperature above Absolute 
Zero (O°K or -273 OC), electrons in any 
material are in constant random mo- 
tion and there is no detectable current 
in any single direction. Electron drift in 
any single direction is canceled over 
short time periods by equal drift in the 
opposite direction. There is, however, 
a continuous series of random current 
pulses generated in the material. 
Those pulses are seen by the outside 
world as a noise signal. This signal is 
called: thermal agitation noise, thermal 
noise, or Johnson noise. 

It's important to understand what is 
meant by noise in this context. In a 
commun~cations system the designer 
may regard all unwanted signals as 
noise, including manmade electrical 
spark signals, adjacent channel com- 
munications signals, and Johnson 
noise. In other cases, the harmonic 
content generated in a linear signal by 
a nonlinear network could be regard- 
ed as noise. But in the context of 
VHFIUHF amplifiers and receivers, 
noise refers to thermal agitation (John- 
son) noise. 

Amplifiers and other linear networks 
are frequently evaluated using the 
same methods, even though the two 

I fig. 1. Amplifier equivalent circuit showing noise sources. I 
classes appear radically different. In 
the generic sense, a passive network 
is merely an amplifier with negative 
gain or a complex transfer function. 
We will consider only amplifiers here, 
but keep in mind that linear (passive) 
networks follow the same rules. 

Amplifiers and receiver front ends 
are evaluated on the basis of signal-to- 
noise ratio (S IN  or SNR). Designers 
try to enhance the SNR as much as 
possible. Ultimately, the minimum sig- 
nal detectable at the output of an am- 
plifier or receiver appears above the 
noise level. Therefore, the lower the 
system noise, the smaller the minimum 
detectable signal (MDS). 

Noise resulting from thermal agita- 
tion of electrons is measured in terms 
of noise power (P,), and carries the 
units of power (watts or its subunits). 
Noise power is found from: 

P,, = KTB (1) 
where: 
P, is the noise power in watts 
K is Boltzmann's constant (1.38 x 
10 23 JIoK) 
B is the bandwidth in Hertz 

Notice in eqn. 1 that there is no cen- 
ter frequency term, only a bandwidth. 
True thermal noise is gaussian (or 
near-gaussian) in nature, so frequen- 
cy content, phase, and amplitudes are 
equally distributed across the entire 
spectrum. In bandwidth limited sys- 
tems, such as a practical amplifier or 
network, the total noise power is re- 
lated only to temperature and band- 
width. A 20-kHz bandwidth centered 
on 440 MHz should, in theory, produce 
the same thermal noise level as a 
20-kHz bandwidth centered on 144 
MHz or some other frequency. 

Noise sources can be categorized as 
either internal or external. Thermal cur- 
rents in the semiconductor material 
resistances produce internal noise. 
Consider the noise component con- 
tributed by the amplifier. If noise, or 
S IN  ratio, is measured at both input 
and output of an amplifier, the output 
noise is greater. The internally gener- 
ated noise is the difference between 
output and input noise levels. 

External noise is produced by the 
signal source(s), so it is often called 
source noise. This noise signal is 
caused by thermal agitation currents 
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in the signal source, and even a dm-  K is Boltzmann's constant ( 1.38 x The noise temperature is related to  the 
ple zero-signal input termination 10-23 JJ°K) noise factor by: 
resistance has some amount of ther- To is 290 degrees Kelvin 

T ,  - (F - 1) To 
ma1 agitation noise. €3 is the network bandwidth in hertz [ ' - (8) 

Both types of noise generator are G is the amplifier gain 

shown schematically in fig' 
model an amplifier as an ideal "noise- a model that considers the amplifier 
less" amplifier with a gain of G. and ideal, and therefore only amplifies Using noise temperature T,, we can 
a noise generator at the input. This through gain G the noise produced by define noise factor and noise figure in 
generator produces a noise power sig- the input noise source: terms of noise temperatures: 
nal at the i n ~ u t  of the ideal am~l i f ier .  
Although noise is generated through- 
out the amplifying device, i t is com- 
mon practice to  consider all noise 
generators as a single input-referred 
source. This is shown as voltage VN 
and current IN. 

noise factor, figure, and 
temperature 

System or network noise can be de- 
fined in three ways: noise factor (F), 
noise figure (NF) and equivalent noise 
temperature (T,). These properties are 
definable as a ratio, decibel, or temper- 
ature, respectively. 

Noise Factor (F). The noise factor is 
the ratio of output noise power (P,,) 
to  input noise power (Pni): 

To make comparisons easier, the 
noise factor is always measured at the 
standard temperature (To) 290 OK (ap- 
proximately room temperature). 

Input noise power Pni is the product 
of  the source noise at standard tem- 
perature (To) and the amplifier gain: 

Noise factor F can also be defined 
in terms of output and input S I N  ratio: 

SNR,,, F = (4) 
SNR,,,,, 

which is also: 

where: 
SNRi, is the input signal to  noise ratio 
SNR,,, is the output signal to  noise 
ratio 
P,, is the output noise power 

or. 

where: 
AN is the noise added by the network 
or amplifier 
All other terms are as defined above. 

Noise Figure (NF). The noise figure 
is a frequently used measure of an am- 
plifier's goodness, or its departure 
from idealness. Thus it is a figure of 
merit. The noise figure is the noise fac- 
tor converted to  decibel notation: 

NF = 10 LOG F (7) 

where: 
NF is the noise figure in decibels (dB) 
F is the noise factor 
LOG refers to the system of base 10 
logarithms 

Example 1 
Calculate the noise tlb..re in dB of 

an amplifier that has a noise factor of 
5.27. 

NF -- 10 LOG F dB e 10 
LOG 5.27 dB = 7.2 dB 

Noise Temperature (T,). The 
noise temperature specifies noise in 
terms of an equivalent temperature. 
Equation 1 shows that noise power is 
directly proportional to  temperature in 
degrees Kelvin, and that noise power 
reduces to  zero at Absolute Zero (0 
OK). 

The equivalent noise temperature T, 
is not the physical temperature of the 
amplifier, but a theoretical construct 
that is an equivalent temperature pro- 
ducing that amount of noise power. 

and, 

Curves of noise figure and noise 
temperature are plotted in fig. 2. 

Total noise in any amplifier or net- 
work is the sum of internally and ex- 
ternally generated noise. In terms of 
noise temperature: 

where: 
P, (total) is the total noise power 

All other terms are as previously 
defined. 

Although the equations tend to 
show absolute equivalence and con- 
vertibility between F, NF, and T,, 
there can be confusion about proper 
practices for optimizing an amplifier as 
regards to matching the input and 
source resistances. There is an opti- 
mum source resistance for minimizing 
input noise power and for maximum 
power transfer to the amplifier (source 
resistance equals amplifier input re- 
sistance). Unfortunately, the two  op- 
timum resistances are rarely the same. 
While impedance matching is useful, 
some common tactics are not. 

Some designers modify the source 
resistance by adding a series or shunt 
resistance to  the circuit. This brings 
the total source resistance seen by the 
amplifier to the optimum value for 
noise figure reduction. In the case 
cited, the noise contributed by the ad- 
ded resistor (KTBR) increases input 
noise to  a point that dominates and 
masks amplifier internal noise. Unfor- 
tunately, this tactic while appearing to 
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The "Flying Horse" 
sets the standards 

Cont inu ing a 67 year t rad l t ion,  w e  b r i ng  
y o u  three new Cal lbooks for  1988. 

The  N o r t h  Amer ican Cal lbook lists the calls. 
names. and  address i n fo rma t ion  fo r  478,000 
l~consed rad io  amateurs i n  ai l  countr les n f  
N n r t h  America. f r o m  Canada t o  Panama 
inc iud inq Greenland, Rermuda, and  thc  
Caribbean islands plus Hawal i  and the  
u.5. possessions. 

The Internat ional Cal lbook lists 481.000 
l icensed rad lo  amateurs I n  countr les outside 
N o r t h  Amereca. I ts coverage includes South 
America. Europe. Afr ica, Asia, and the 
Paciftc area (exclusive o f  Hawaii  a n d  the 
U.S. oossessions). 

The  1988 Cal lbook Supplement isa  new idea 
i n  Cai lbook updates. I lst inq the act iv i ty  i n  
b o t h  the N o r t h  Amer ican and  Internat ional 
Cal lbooks. Published June 1. 19R8. this 
Supplement will tnclude thousands o f  n c w  
licenses, addrrss chanqes, and  call slgn 
chanqes for  the Precedinq 6 months.  

The  1988 Callbooks w i l l  be Published 
Decembcr 1, 1987. See you r  dcdler o r  ordnr 
n o w  d i r r c l l v  f r o m  the  publishor. 

- -~ - 
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improve F, actually does not affect it, 
but deteriorates output signal to noise 
ratio (SNROut). 

noise in cascaded 
amplifiers 

Since noise is considered a valid sig- 
nal, the last stage in a cascaded am- 
plifier chain receives an amplified 
version of the original input signal and 
prior stage noise contributions (fig. 3).  
Each stage in the chain amplifies sig- 
nals and noise from previous stages, 
and contributes some noise of its own. 
The overall noise factor for a cascaded 
amplifier chain can be calculated using 
Friis' noise equation: 

or, in terms of noise temperature 

where: 
F is the overall noise factor of N stages 
in cascade 
T, is the overall noise temperature of 
N stages in cascade 
F, is the noise factor of stage 1 
F, is the noise factor of stage 2 
F, is the noise factor of the nth stage 
T, is the noise temperature of stage 1 
T, is the noise temperature of stage 2 
T, _ ,  is the noise temperature of the 
(n  - 1 )st stage 
G, is the gain of stage 1 
G, is the gain of stage 2 
G,_ 1 is the gain of stage (n  - 1 ) .  

As you can see from eqns. 13 and 
14, the noise factor or noise tempera- 
ture of the entire cascade chain is 
dominated by the noise contribution of 
the first stage or two. Typically, high 
sensitivity microwave amplifiers use a 
low-noise amplifier (LNA) stage for 
only the first stage or two in the cas- 
cade chain. For example, a microwave 
satellite ground station receiver will 
have an LNA at the antenna feedpoint, 

AMPLIF IER  I  A M P L I F I E R  2 A M P L I F I E R  3  

INPUT OUTPU T o  

fig. 3. Cascade amplifier chain with gain = G, G, G,. 
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and then non-LNA stages following 
the transmission line. 
example 2 

A three-stage amplifier (fig. 3) has 
the following gains: G, = 10, G, = 10, 
and G, = 25. The stages also have 
these noise factors: F, = 1.4, F, = 2 
and F, = 3.6. Calculate a) the gain of 
the cascade chain in decibels, b)  the 
noise factor, and c) the noise figure. 
Solution: 

-- 

--  

o r -  -,*-i---- -------H-H 
Po .30 4 0  5 0  6 0  70 8 0  100 2 0 0  3 0 0  4 0 0  6 0 0  8 0 0  101~0 

a) G = G,G,G, = 10*10*25 = 2500 
G (dB) = 10 LOG 2500 = 34 dB 

NOISC TEMPERA fURE ( O K /  

fig. 2. Noise figure vs. noise temperature. 

Note in the above example, that the 
overall noise factor (1.53) is only slight- 
ly worse than the noise factor of the 
input amplifier (1.41, and is better than 
the noise factors of the following 
stages (2 and 3.6, respectively). Clear- 
ly, the overall noise factor is set by the 
input stage. This is why we use low- 
noise amplifiers in the frontends of 
VHF, UHF, and microwave receivers, 
while amplifiers later in the cascade 
chain are lesser quality circuits with 
respect to noise. 

Joe Carr can be reached at POB 
1099, Falls Church, Virginia 22041. 

ham radio 

February 1988 81 



loose ends 
I must apologize for missing the 
January ham radio issue. No, I wasn't 
in outer Mongolia as might have been 
reported! 

Every so often it's good to sit back 
and take stock of where you are and 
where you're heading. This column is 
no exception. It's hard to believe that 
this is the start of the fifth year for 
"VHFIUHF World". Your suggestions 
for topics are always appreciated. 

This month's column will tie up 
some loose ends and answer some of 
your letters. I appreciate all of them. 
I'll also update the North American 
VHFIUHF records. 

upcoming events 
Many readers send information on 

upcoming events. Please remember to 
write three or four months before an 
event so that I can list it. 

There has been interest expressed in 
the meteor shower peaks. The lists 
came from information given in my talk 
at the Central States VHF Conference 
in Sioux Falls, South Dakota in July 
1981. Later, Russ Wicker, W4WD, 
generated a computer program that 

isn't always accurate for some of the 
meteor showers. If the shower radiant 
(the point in the sky from which the 
meteors seem to be emanating) is not 
optimum for the desired transmission 
direction, the peak time may be poor 
or nonexistent. 

Reference 2 shows how to tie the 
shower peak and the radiant together. 
This information, available for personal 
computers, takes much of the guess- 
work out of meteor scatter communi- 
cations. It highlights the optimum 
dates, a help with the shorter duration 
showers especially in leap years. 

references 
I'm told that few Amateur Radio 

writers cite as many references as I do. 
I try to make each month's column 
stand on its own. Sufficient material 
is included in each column and refer- 
ences are provided for those who want 
to dig further. While some of the refer- 
ences are either unavailable or difficult 
to obtain, I do have all of them on file. 

I try to arrange the material in this 
column in building-block fashion so I 
can cite my columns in back issues. 
They can be purchased from ham 

last few years. In January 1984, SSB 
on 23 cm (1296 MHz) was uncommon 
in many parts of the United States. 
Now commercial 23-cm CWISSB 
transverters and stand-alone multi- 
mode transceivers can be purchased 
for all Amateur bands below 13 cm 
(2300 MHz). Only transverters are 
available for the new 33-cm (902-928 
MHz) band. Commercial Amateur 
CWISSB transverters now run as high 
as 3 cm (10 GHz). 

Amateurs now use SSB as high as 
48 G H z . ~  €ME operation above 13 cm 
was an untouched field through 1986; 
this has changed with Amateur EME 
contacts now reported through 6 cm 
(5760 MHz) and possibly 3 cm before 
this column goes to print. 

The VHFIUH F/Microwave field is 
expanding with new technology such 
as MMlCs (monolithic microwave 
ICS) ,~  GaAs [Gallium Arsenide) FETs, 
and HEMTs (High Electron Mobility 
Transistors) in common use." will try 
to keep you informed about devel- 
opments. 

new VHF/UHF/Microwave 
records 

automatically calculates the peaks. My radio Bookstore ($5 each postpaid, 3 Until 1985, VHFIUH FJMicrowave 
son, Jim, ADlC, modified this pro- for $13.95) and I often see back issues DX records were usually shown on the 
gram for personal computers. See at Amateur flea markets. basis of worldwide accomplishments 
reference 1. 

This method of prediction relies on state of the art 
with little regard to the propagation 
mode. This tended to discourage 

data and information accumulated There has been considerable record challenges since many of them 
from earlier showers. The information progress in the VHFIUHF field in the took place in areas where special 
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table 1. Nor th  American VHF and above claimed OX records. Revised October 29, 1987. 

N. American VHF and Above Claimed DX Records (notes 1 & 2) Revised 29 Oct. 1987 

Frequency Record Holders Date Mode  DX Mi les I l tm)  

50 M H z  Note 3 
EME K6MYC (CM97EB)-K8MMM (EN91BK) 84-07-24 CW 2127 (:3422) 

144 MHz 
Aurora KAlZE (FN31TU)bWBODRL (EM18CTl 86-02~08 CW 1347 (21671 
Ducting KH6GRU (BLO1XH)-WA6JRA (DM13BT) 73-07-29 CW 2586 141611 
EME VEl UT (FN63XVIbVK5MC (QF02EJ I 84 04-07 CW 10,985 (17676) 
Spor. E KD4WF (EN92LK)-NW7017 (DM25GV) 87-06-14 SSB 1980 (3186) 
FA I W5HU0/4 IEM9OGC)-W5UN (DM82WA) 83-07-25 CW 1228 (1976) 
MS K5UR (EM35WA)-KP4EKG (FK68VGl 85-12~13 SSB 1960 (3153) 
TE KP4EOR (FK78AJ)-LU5DJZ (GFl lLU)  78-02-12 SSB 3933 (63281 
Tropo KlRJH (FN31XH)-K5WXZ (EM12QWI 68-10-08 CW 1468 (2362) 

220 M H z  
Aurora W31YI4 IFMlSHA)-WB5LUA (EM130Cl 87~07-14 CW 1145 (1842) 
Ducting KH6UK (BL11AQ)-W6NLZ (DM03TS) 59-06-22 CW 2539 (4086) 
Spor. E K5UGM (EM12MS)-W5HUQl4 (EM9OGC) 87-06-14 CWISSB 932 (1499) 
EM€ KlWHS (FM43MK)bKHGBF.Z (BL l lCJ )  83-11-17 CW 5058 (81391 
MS KlWHS (FM43MK)-KOALL (EN16NW) 85-08-12 SSB 1279 (2057) 
TE KP4EOR (FK78AJ)-LU7DJZ (GF05RJl 83-03-09 CW I SSB 3670 (59061 
Tropo VE3EMS (EN86QJ)-WB5LUA (EM13QC) 82-09-28 SSB 1181 (1901) 

432 MHz 
Aurora W31P (FMl9PDI~WB5LUA (EM13QC) 86-02-08 CW 1182 (1901) 
Ducting KD6R (DM13NI)-KH61AAIP (BK29GO) 80-07-28 CW 2550 (4103) 
EME K2UYH (FN2OQG)-VK6ZT (QF78VB) 83-01 -29 CW 11,567 (18612) 
M S W2AZL (FN20VI)bWOLER (EN351A) 72-08-12 CW 1019 (1640) 
Tropo WB3CZG (FN21AX)-WA5VJB (EMl2LQ) 86-11-29 SSB 1318 (2121) 

903 MHz 
Tropo W2PGC (FN020R)-K3SIW19 (EN52WA) 86-12-24 SSB 478 (7691 

1296 MHz 
Ducting KH6HME (BK29GOI-WB6NMT (DM12KU) 86-08-13 SSB 2528 (4068) 
EM€ K2UYH (FN20QGI-VK5MC (QF02EJ) 81~12-06 CW 10,562 (16995) 
Tropo WB3CZG (FN21AX)-KD5RO (EM13PA) 86-11-29 CW 1287 (20701 

2304 MHz 
EME PAOSSB (JOl1  WI)-W6YFK (CM87WI) 81-04-05 CW 5492 (8837) 
Tropo KD5RO (EM13PA)-W8YIO (EN82BE) 86-11-29 CW 940 (1513) 

3456 MHz 
Tropo WA5TNY I 5  (EM1 1AU)-WB5LUAl5 (EM24UO) 86-10-19 CW 288 (464) 
EME W7CNKl5 (EM15FI)-KOKEIO (DM79NO) 87-04-12 CW 498 1802) 

5760 MHz 
Tropo K5PJR IEM260P)-W5UG010 IENOOPH) 87-07-04 CW 332 1535) 
EME WA5TNY (EM12KV)-W7CNKi5 (EM15FI) 87-04-24 CW 174 (279) 

10.368 GHz 
Tropo N6GNI6 (CM89PX)-W6SFHl6 (DM04MS) 87-07-19 CW 414 (666) 

24.192 GHz 
LOS WA3RMXI7 lCN931Q)-WB7UNUl7 (CN95DH) 86-08-23 SSB 116 1186) 

47.040 GHz 
LOS WA3RMXIK7RUN (CN85PL)-WB7UNUIW7TYRIW7ADV 

(CN85NH) 87-03-07 SSB 5.42 (8.72) 

76-149 GHz None reported 

474 THz 
LOS K6MEP (DM0410)-WA6EJO lDM04KT) 79-06-09 LASER 15 124) 

Note 1. The records are listed alphabetically by mode. Ductlng is suspected where the path is mostly over water. No efforts are made 
to separate out duct~ng on overland paths so they're grouped under tropo. 
Note 2. The information w ~ t h ~ n  the brackets ( ) is the grld square locator. 
Note 3. 6-meters records, excepting EME, were left off since the primary mode is often hard to distinguish. Also long-path QSOs have 
been reported during solar cycles 19 and 21 which exceed 12433 miles (20004 kml. 
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propagation phenomenon occurs. In 
my July 1985 c ~ l u m n , ~  I started listing 
VHF/UHF/Microwave records for 
North America by band and propaga- 
tion mode when known. Judging from 
the response, this type of record list- 
ing has become very popular. 

Since the last listing of North Ameri- 
can DX records was published3, many 
have been broken and some new 
modes were added. I have updated the 
DX records based on the latest infor- 
mation (table 1). 

New record challenges must be 
carefully documented and compared 
with existing records. The distance is 
very important since records on these 
frequencies are often extended by as 
little as one mile. Therefore, precise 
locations (latitude and longitude) are 
essential. Send me an SASE if you 
want record forms. 

worldwide locator system 
The Maidenhead system, in its six- 

digit form, is accurate to within a few 
miles. Some contests now require grid 
squares or locators on QSLs; reference 
3 shows how to determine yours. It's 
important that all VHFers know their 
latitude and longitude to at least 3 sec- 
onds accuracy. 

Computer programs can now deter- 
mine the grid ~ q u a r e . ~  If you'd like, 
send me your latitude and longitude in 
degrees, minutes, and seconds with an 
SASE and I will figure your six-digit 
grid square. 

I have upgraded the list of the most 
well-known mountain tops in the 
United States8 to include the six-digit 
locators; a revised list is shown in 
table 2. If you have information, 
please send it for inclusion in a later 
column. 

There is some controversy about the 
equity of the new ARRL VUCC (VHFI 
UHF Century Club) awards. Before the 
grid square awards, the coveted prize 
for VHFers was the Worked All States 
award. Depending on the frequency, 
this tended to favor either the North- 
eastern or Midwestern states. 

The grid squares were considered a 
partial equalizer. Some say this, too, 
is unfair because grid squares are 

r 

table 2. This table shows some of the most famous mountain top locations that have 
been popularized by VHFIUHFIMicrowave and Millimeter-wave'rs to set DX and con- 
test records. 

Mountain Location (approximate) Grid Square 

Eastern USA 
Cadillac Mountain Bar Harbor, Maine FN54VI 
Mount Washington Glen, New Hampshire FN441G 
Pack Monadnock Peterborough, New Hampshire FN42BU 
Mount Equinox Manchester, Vermont FN33JC 
Mount Mansfield Burlington, Vermont FN340N 
Mount Greylock North Adarns, Massachusetts FN32JP 
High Point Port Jervis, New Jersey FN21 EH 
Watchusett Mountain Princeton, Massachusetts FN42BL 
Mount Mitchell Asheville, North Carolina EM85US 
Mount Toxaway Oakland, North Carolina EM85MD 
Spruce Knob Simoda, West Virginia FM08FQ 

Western USA 
Pikes Peak Colorado Springs, Colorado DM78BA 
Mount Rose Reno, Nevada DMO9AQ 
Mount Potasi Las Vegas, Nevada DM25GV 
Mount Diablo Walnut Creek, California CM97AU 
Mount Hamilton San Jose, California CM97EI 
Mount Frazier Frazier Park, California DM04MS 
Mount Pinos Frazier Park, California DM04KT 
Mount Palomar Julian, California DM130J 
Mount Ashland Ashland, Oregon CN82PB 

wider in the southern United States 
than near the Canadian border. A dis- 
tance calculation program shows this 
to be true; the width of a grid square 
is about 120 miles at 30 degrees and 
just below 100 miles at 45 degrees 
l a t i t ~ d e . ~  

It seems difficult to develop a truly 
fair system because of all the factors. 
Tropo propagation is much more prev- 
alent in the lower latitudes, especially 
from Florida to Texas, and where the 
land is flat. Mountains, on the other 
hand, can either impede or aid in line- 
of-sight communications. Almost half 
of the grid squares in coastal regions 
are under water. 

I'll be willing to bet that there is more 
activity, interest, and equity generated 
by grid squares than working all states. 
VUCC awards are possible on any 
band but how does one obtain a 
Worked All States on 2 meters or 
above without EME? 

new leadership 
Another new trend, the formation of 

clubs specializing in VHFIUHF and 

microwaves, is rapidly developing. 
Some sponsor conferences; others 
have monthly meetings and publish 
newsletters. Clubs can unite Amateurs 
for group projects and purchases. 

My list of clubs involved in VHF and 
above is probably incomplete. Please 
help by supplying information so we 
can publish a list and create interest in 
the higher frequency bands. 

antennas 
I get lots of questions on antenna 

selection. There is no firm answer on 
which is the perfect antenna. Some 
have high gain on a long boom while 
others are aimed at the cleanest pos- 
sible pattern on a shorter boom. Some 
Amateurs prefer to use single long 
Yagis while others like to stack short- 
er or longer boom antennas. Each 
Amateur has specific needs for his or 
her setup. 

The cost of antennas and/or anten- 
na improvements are usually well be- 
low the cost of improving your receiver 
or transmitter power (if you're not 
already at the legal limit). VHFIUHF 
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antennas are also more manageable 
than hf antennas. 

Last May I mentioned the availabil- 
ity of the MlNlNEC 3 antenna model- 
ing program. The program is now only 
available through NTIS as described in 
Short Circuits in July 1987.3 In the 
May columng I also described op- 
timized 6 and 2-meter Yagis that are 
easy to duplicate, have clean patterns 
and high gain per unit boomlength. 
The materials used, and the way I 
matched the driven element of the 
2-meter Yagi, made the driven element 
longer than the reflector. I was sur- 
prised that so many people duplicat- 
ed it exactly as shown, since most 
Amateurs have their own ideas about 
materials. The length of the driven ele- 
ment in fig. 2 is correct as shown. 

Then there are the insulators and 
keepers used on the insulated boom 
2-meter Yagig and the 70-cm (432 
MHz) Yagi.lOThe ones recommended 
use either LexanTM or polystyrene with 
black carbon impregnated (for UV pro- 
tection) but never nylon. The outer 
portion of the insulator is approximate- 
ly 0.425 inches in diameter with a 
thickness of 0.165 inches, and the in- 
ner diameter is 0.305 inches with a 
thickness of 0.150 inches. The hole in 
the center is 0.190 inches to accomo- 
date a 3/16 inch diameter aluminum 
rod. Suitable insulators are now avail- 
able from Tom Rutland, K31PW". Tom 
will also supply kits or parts for the 
31 -element 70-cm Yagi. 

stacking antennas 

The basic principles and tables 
detailed in references 11 and 12 still ap- 
ply to stacking antennas. However, 
there is confusion about an article on 
this subject by Steve Powlishen, 
KIFO.l3 I used wavelength for the 
spacings while Steve used inches. To 
convert wavelengths to inches, multi- 
ply the wavelength shown in table 1" 
to 82, 53.7, 27.3, and 9.1 inches on 2 
meters, 135 cm, 70 cm, and 23 cm, 
respectively. 

There are small differences between 
the stacking distances shown on 

'Autland Arrays, 1703 Warren Streel, New Cumber- 
land, PA 17070. 

Steve's and my charts. As stated in 
reference 11, the stacking distance is 
not critical and errors of 5 to 10 per- 
cent will not matter, especially if the 
antennas are not over stacked. Figure 
6 in reference 11 clearly shows this 
relationship. l t  is always better to stack 
on the short rather than the long side. 
This means less feedline loss, lower 
sidelobe levels, and a smaller mechan- 
ical structure. 

I'm often asked about stacking dif- 
ferent frequency antennas on the same 
boom (reference 11). Generally, the 
separation from another antenna on a 
different frequency should be at least 
one half the stacking distance indi- 
cated for each. The theory of effective 
apertures and aperture overlap is ex- 
plained in the reference. For instance, 
if a 2-meter and 70-cm antenna are 
stacked on the same mast, and the 
recommended stacking distances are 
12 and 6 feet, respectively, the 2-meter 
antenna should be spaced at least 6 
feet from the 70-cm antenna and the 
70-cm antenna at least 3 feet from the 
2-meter antenna. 

This may be too great a distance but 
there are ways to enhance spacing. 
One antenna could be on the main 
mast and the other mounted on a 
stacking frame to the side of the af- 
fected antennas. Different frequency 
antennas could be placed at other lo- 
cations on the mast. 

I prefer to place my 2-meter and 
135-cm antennas at the top of the 
mast and the higher frequency anten- 
nas at the bottom or center. Thus 
feedlines are shorter on the antennas 
that would normally have greater feed- 
line losses. If a 6-meter antenna is 
used, place it at the bottom, and keep 
it away from the 2-meter antennas. 
Because of large frequency differ- 
ences, very little interaction should be 
noted between the higher frequency 
antennas. 

If you are pressed for space, use 
one-half wavelength at the lowest fre- 
quency, which for a 2-meter antenna 
equals 40 inches, the minimum recom- 
mended distance. Before stacking an- 
tennas, draw the typical physical 
apertures on graph paper to visualize 
potential interactions. 

There are simple tests to check per- 
formance after stacking antennas of 
dissimilar frequency. First, see that the 
VSWR of each antenna does not in- 
crease noticeably, then inspect the 
radiation pattern to be sure it is simi- 
lar to what you'd expect when the an- 
tenna is mounted alone. 

Another letter questions the length 
of phasing line (reference 12). For best 
power distribution, keep the phasing 
line length at odd multiples of quarter 
wavelengths. Figure the measurement 
of the phasing line and lengthen or 
shorten slightly to fit. Don't forget to 
consider the dielectric constant of the 
phasing lines to determine its length. 

receivers 
Readers have asked about the noise 

figures of commercial rigs. The major- 
ity of transceivers I've measured were 
over two or three years old and in the 
6-to-8 dB noise figure region; they 
often need an external preamplifier for 
serious DXing. 

Part of the reason for the higher 
noise figures is input switching, which 
often uses lossier solid-state switching 
instead of mechanical relays. Internal 
convenience switching and small di- 
ameter coaxial cable often add addi- 
tional losses. Dynamic range is a 
consideration since low noise figures 
require moderate-to-high gain ahead 
of the first stage of selectivity. Then 
there are those terrible UHF input con- 
nectors! 

A problem with many commercial 
transceivers is that, for economic rea- 
sons, they often employ a low first i-f 
such as 10.7 MHz. Additional input fil- 
tering is required to effectively sup- 
press images and this often adds loss. 
The newer transceivers sport lower 
noise figures, typically 2 to 3 dB. 

The subject of IMD is seldom given 
enough attention. Receivers and the 
later stages must be protected from 
large signals even out of band. This is 
particularly troublesome where large 
R F  emitters such as local FM or TV 
transmitters are present. Gary Field, 
WAIGRC, recently revised his RF 
CAD program.' It now includes a quick 
IMD analysis and printout with up to 
50 input emitters. 
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If you require an external preampli- 
fier, try to use one that can be by- 
passed just in case a local signal or 
IMD overloads your transceiver. For 
EME operation, an external preampli- 
fier is required. 

One reader rightly chided me for not 
adequately treating the transmission 
line losses ahead of the preamplifier. 
When very low noise figure preampli- 
fiers are used in a quiet environment 
such as EME or above 220 MHz, and 
the preamplifier is not mounted right 
at the antenna with little or no trans- 
mission line losses ahead of it, some 
serious noise temperature increases 
can occur. This is a separate subject 
in itself and it will be discussed in a 
later column. 

transmitters 
There still seems to be much interest 

in high-power amplifiers. There aren't 
many to choose from and they are ex- 
pensive. 8877s are now well over $500 
and prices are rising. Older, more avail- 
able tubes such as the 7213 and 
4CX1000 are of interest but straightfor- 
ward designs are still scarce. 

The FAA surplus AM6154 and 
AM6155s for 144 through 432 MHz14 
have just about disappeared except 
when resold by another Amateur. One 
problem with this rig is the unavaila- 
bility of 8930 tube replacements. Don 
Cook, KIDPP, and Dave Hackford, 
N3CX, have taken a different tack. 
They have machined reducer rings so 
that a 4CX250B tube can be substitut- 
ed for the 8930. The only penalty is a 
reduction in output power of about 25 
percent. 

Some of you are interested in the 
use of microwave oven magnatrons. 
These ovens nominally operate as an 
unlocked pulsed oscillator in the 
2400-2450 MHz frequency range, the 
upper segment of the United States 
13-cm Amateur band. Amateurs 
would like to somehow phase or fre- 
quency lock the magnatrons. 

I've discussed this subject with Hank 
Cross, WIOOP, who experimented 
with these ovens for industrial pur- 
poses. He notes that the magnatrons 

used are very difficult to move in fre- 
quency, even minimally, because of 
the waveguide and coupling probe 
design. 

Furthermore, microwave ovens are 
designed for pulse operation and the 
dc voltage is generally provided by a 
nonfiltered half-wave rectifier. Con- 
duction usually occurs above 1000 
volts. Consequently, they would prob- 
ably only be good for 75-150 watts of 
actual CW RF output in the 2400-2450 
MHz range. Until someone can prove 
otherwise, your time might be wasted 
pursuing this type of amplifier. 

propagation 
Whenever Amateurs gather, radio 

propagation comes up. Amateurs have 
a unique ability to exploit radio wave 
propagation due to the large numbers 
of distributed stations. 

Many thanks to Dennis L. Harr- 
sager, N7DH, who pointed out that 
the constants I used in the equations 
for path loss on line-of-sight commu- 
nications were in error.15 I checked my 
file and sure enough, Dennis was right. 
The correct constants are 36.6 (eqn. 
1 for miles) and 32.45 (eqn. 2 for 
kilometers). 

Thanks also to Len Sheer, W W R Q ,  
for reminding me that the first radar 
used for EME communications16 was 
not commercial but U.S. Army radar. 

Finally, with the increase in solar ac- 
tivity as solar cycle 22 begins, there are 
more opportunities for long haul DX on 
6 meters and transequatorial propaga- 
tion on the other V H F  bands. Six- 
meter operators will be glad to know 
that Norwegian stations, LA, now 
have 6-meter privileges (with low ef- 
fective radiated power). I've learned 
that the Madeira Islands, CT3, and 
Greece, SVO, are now authorized to 
operate on 6 meters. Many other 
countries, especially in Europe, are 
seeking operating privileges on 6 
meters now that many TV stations 
have abandoned channels in this fre- 
quency region. 

Recently someone suggested that I 
advocate a QSL card without the QSO 

confirmed or confirming QSO. I guess 
he was referring to the sample QSL 
shown in last June's column2. Until his 
note, I hadn't noticed that the printer 
didn't include all the information on my 
portable QSL. 

I send filled-out QSLs for valid two- 
way contact only if I can determine 
from my log that I was active at that 
time and frequency. In the case of 
SWLs, I make it very clear on the QSL 
that it is r ~ o t  confirming a two-way 
contact. As a reminder,3 always use 
UTC dates and time. 

construction 
I sometimes get requests for sources 

of printed circuit boards. Unfortunate- 
ly, I do not have the resources to 
produce them. Please let me know if 
you want to volunteer to make up 
printed circuit boards for any of the cir- 
cuits published in this column. 

Until such time, I will continue to 
build most of my circuits in self- 
contained shielded enclosures using 
double-sided printed circuit material 
for the ground plane. This method is 
easy and effective even up through the 
UHF bands. 

product reviews 
This column is primarily aimed at the 

experimenter who builds some of his 
own gear, so I will probably continue 
to recommend homebrew gear with a 
smattering of recommendations where 
commerical gear is appropriate. If there 
are specific items that you'd like 
reviewed, please let me know. 

computers in the ham 
shack 

Without a doubt, one of the most 
important recent innovations for the 
Radio Amateur is the personal com- 
puter. At first it was primarily used for 
simple calculations and repetitive oper- 
ations. Nowadays it's being used for 
logging, word processing sending1 
receiving Morsel RTTY I Packet, propa- 
gation and satellite predictions, 
schematic layout, and printed circuit 
board generation. Looks as if we'll 
all have to adapt to the personal 
computer! 
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summary 

misunderstandings. I'm always r e c e p -  

tive to new ideas and suggestions on 
topics or how I can improve the 
column. Please let me know. 
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important VHFIUHF events: 
February 17 EME p e r ~ g e e  

February 17 N e w  tnoor l  

M a r c h  16 EME per igee 

March  18 N e w  m o o n  /eclipse o f  t he  sun1 

M a r c h  21 + 2  weeks. 0 l ) t tmum t ime l o r  

TE propagatton. 
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Garth Stonehocker, K0RYW 

transeq 
update 

uatorial DX 

Transequatorial (TE) propagation is 
the mode used by signals that cross 
the equator by other than the normal 
one-to-three hop ionospheric F, or 
sporadic E paths, Intermediate ground 
reflections over a 5000 to 7000 mile 
path don't occur as shown in the 
figure's heavy ray traced line rep- 
resenting a 10-meter operating fre- 
quency. The indicated contour lines 
are equidensity electron profiles for the 
lower half of the ionosphere along the 
75 degree west meridian (East Coast 
of United States and down through 
western South America). These con- 
tours show two maximum regions: 
one above the geographic equator and 
the other about 25 degrees south. 
These two high density areas create 
the ionospheric tilt that makes TE 
possible. 

Ionospheric scien'tists have studied 
the phenomena with vertical and ob- 
lique ionosondes to determine the con- 
ditions necessary for this to occur and 
how it can be used in communica- 

tions. The diurnal conditions are nor- 
mal during the morning as the sun 
builds the lower ionosphere at the sub- 
solar point. By local noontime the 
single maximum of ionization that has 
grown in the F region begins to divide 
and shift locations, one moving further 
south and the other to the north. 
Throughout the afternoon and even- 
ing (to about 2000 local time) the elec- 
tron drift continues to build at + 15 
degrees on either side of the geo- 
magnetic equator, represented by the 
dotted line and circle segments in the 
figure. These building conditions are 
effective only in the wintertime, Sep- 
tember through March, the same 
months for both hemispheres (an un- 
usual condition not yet understood). 
The magnitude - density or maximum 
usable frequency - of these maxima 
increases with sunspot number or solar 
flux. This is further enhanced during 
geomagnetic disturbances, when elec- 
trons from polar solar wind particles 
also drift up the field lines from the 
auroral zone associated trough to 
the geomagnetic equator's maximum 
areas. 

- 

LOWER HALF _ -- - - 2 0 °  MAGNETIC L I N E  

E A R T H  
7 5 O  W M E R I D I A N  

These studies have brought about 
an understanding of the conditions 
needed for TE-DX. Transequatorially 
propagated signals are only 6 to 30 dB 
weaker than a significantly shorter (up 
to one eighth the distance) one-hop 
signal and 8 to 10 dB stronger than a 
3-hop signal. The TE signals are not as 
coherent, fading independently of the 
usual F region propagation. Hence TE 
signals are like scatter propagation ex- 
cept for signal strength. To access TE, 
use a low take-off angle antenna. It 
should skip the intervening ground 
reflection and experience horizon 
focusing that will strengthen the sig- 
nal. The best TE direction should be 
a bearing in a direction perpendicular 
to the geomagnetic equator, although 
the aspect angle width is about 50 
degrees wide. The geomagnetic equa- 
tor at 75 degrees west is 12 degrees 
south of the geographic equator (GE). 
It then curves north to cross the GE at 
25 degrees west, becoming north 10 
degrees at 0 degrees longitude. That 
latitude is continued to the Phillipines 
where it curves down to meet South 
America, again crossing the GE at 
about 70 degrees west. I hope you will 
have opportunities to try TE-DX by 
springtime before it begins to wane for 
the summer 

last-minute forecast 
The first two weeks of the month 

are expected to favor the lower fre- 
quency bands, 30 through 160 meters, 
with nighttime DX and some one-hop 
daytime short skip for intracontinental 
contacts. The noise levels should be 
low on these bands. However, expect 
weak and fading signals around Febru- 
ary 8th, 17 to 19th, and 27th. The 
higher frequency bands should be best 
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the latter two weeks, particularly the 
20 to 25th when the MUFs should be 
10 to 15 percent above the median (18 
MHz noontime midlatitude estimate). 
Expect TE openings these weeks with 
enhancements during disturbed periods. 

No significant meteor showers are 
scheduled to appear in February. A full 
moon will occur on the 2nd, with its 
perigee on the 17th. 

band-by-band summary 
Ten and twelve meters, the highest 

day-only DX bands, are nearest the 
MUF for southern hemisphere paths. 
The$ will be open most days when the 
solar flux is above 85 during the 3-to-5 
hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 2400 miles (4000 km) 
in single-hop length, and on occasion 
triple that during evening transe- 
quatorial openings. 

Fifteen meters, a day-only DX band 
open most days, will be best when the 
MUF is slightly above this band in a 
transition period that occurs right after 
sunrise and just before sunset. Transe- 
quatorial openings will occur, with dis- 
tances similar to 10 and 12 meters. 

Twenty, thirty, and forty meters are 
both daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions during 
the day. In combination with 30 meters, 
it provides nighttime paths for the day- 
only bands. Forty meters becomes 
the main over-the-pole DX nighttime 
band, with some hours covered by 30 
meters. 

Eighty and one-sixty meters, the 
night-only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 

products 

two  new hf transceivers 
Kenwood has announced two new high per- 

formance HF transceivers: the TS-140s and the 
TS-680s. The TS-140s is an all band. all mode, 
100 watt HF transceiver with general coverage 
receiver. The all band, all mode. 100 watt HF 
TS-680 transcetver. lncludes a ten watt, six meter 
sectlon. 

The new programmable band marker is use- 
ful for staying within the limits of your ham 
license and prevents out-of-band operation. For 
contesters, there is a piogram in the suggested 
frequencies to preverit ORM to non-partic~pants. 

A Morse Code beeper status indicator has 
been includetl. The indicator verifies the oper~ 
ating mode with Morse Code characters, s~gnals 
empty or full memory banks, and lets you know 
when frequency Inck is on. 

Other features art:: dual digital VFOs. 31 mem- 
ory channels (ten of which can store receive and 
transmlt frequenc~t:s separately for repeater or 
cross band opr!rationJ, progra~nmahle scanning. 
and automatic selection of USB or LSB. Ken 
wood interference reducing circu~ts: IF shift, dual 
noise blankers. RIT. RF attenuator. selectable 
AGC, and FM squt!lch are also included. Sug- 
gested retail price is $899.95 for the TS 140s and 
$999.95 for the TSGROS. 

A complete line of c~ccessories is availat~le. For 
details contact Kenwood Comnlunications and 
Test Equipment Group. 2201 E. Domlnguez 
Street, Long Beach. California 90810. 

The RM 17. 17 meter resonator witti a hand- 
width 150 kHz undrr 2.1 or I~etter and 400 watt 
rating also for use with the Hustler Mohile H.F. 
System priced at $19 95. 

Hustler's RMX 10 meter Super Mohlle anten 
na has a 1000 watt ratlng, with a bandw~dth 350 
kHz under 2 : l  or betmr. Including spring, it is 
48 inches tall arid can be mounted using the Hus~ 
tler HLM or TLM. The coil is compatible with 
the Hustler full size Mohile H.F. Systern. Avail 
able in block, wti~te. or red. the antenna is pr~ced 
at $31.95. 

For further informat~on contact Hustler. Inc., 
One Newtronics Placr!, Mineral Wells. Texas 
76067. 

Circle 1301 on Reader Service Card. 

improving rf ground 
Don't we all sornetlriies have problems with 

not having a good rf ground - problems like rf 
"hot spots" that "bite" our lips or fingers when 
we transmit; rf feedback that causes our rigs to 
quit working on certain Ilanrls: excessive rf coup- 
ling to ac l~nes that causes everythinq to quit 
working: neighbors screaming atmut TVI or RFI; 
computers spewing out g~bberish; being unable 
to talk across town because of extreme ground 
losses or radiation pattern distortion? 

The new MFJ 931 creates an artificial rf 
ground with just a random length of wore thrown 
along the floor. It's very effective at placing your 
rlg at or near actual eartti ground potential, even 
if your rig is on a st!cond or higher floor. It can 
also place a far away ground, no matter how dis- 
tant. directly at your rlg electrically by tuning out 
the reactance of the wlre th;~t connects your ex 
isting ground to your rl<l. 

The MFJ 931 corinects I~etween the ground 
connect1ori of your trarismltter or antenna tuner 
and a random length of wlre on the floor. Using 
its built in rf ammeter. two knobs adjust for max- 
imum rf ground current; this resonates the 
random wtre, converts it Into a tuned counter 
poise, and presents an effective low ~mpedance 
near ground potential to your rig, thus creating 
an artific~al r l  (~ro~rnd. 

To place a distant gro~lnd directly at your radio 
equipment electrically, s~mply connect the 
MFJ-931 I~etween your rlg and connecting 
gror~nd wire. Adl~ist its two knohs for maxlmum 
rf current; this hlnrs out the reactance of the 
connecttng wire, red~lces the electrical gro~lnd 

follow the darkness path, opening to lead length to v~rtually zero, and electrically 

the east just before local sunset, resonators and a new 
swinging more to the north-south near mobile antenna 
midnight, and ending up in the Pacific Hustl6:r. Inc, has ~ritroduced two new resona 

areas for a few hours before dawn. On tors for use with t h ~  H.F. Mobile System. Spe- 

some nights, 80 meters, with its higher cifically deslgned for WARC bands 11 is corn 

signal strengths, will be the best band pletely cornpatlble with your present H.F. Mobile 
System. uslng the MO 1, MO 2. or MO 3 mast. 

is also expected The RM 12. 12 ~~ic!ter resonator has a band 
provide similarly good conditions. width 90 120 kHz urider 2.1 or better, a 400 watt 

rating, lor use with the Hustler Mohile H.F. Sys 

ham radio tem. for $13.95. 
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places your distant ground directly at your rig. 
The MFJ.931 covers 1.8 to 30 MHz. Rugged 

ly built. ~ t 's  housed in an all-aluminum cabinet 
with a brushed aluminum front panel. measures 
7 112 x 3 1 :2 x 7 inches. and retails for $79.95. 

For additional information, contact MFJ En 
terprises. Inc.. P.O. Box 494. Misslssipp~ State. 
Mississippi 39762. 

Circle 1302 on Reader Service Card. 

Kanterm PC'" is a new terminal prograrn for 
IBM PCs and compatil~les designed specifically 
for use with its KPC 4 and KAM dual-port units. 

Kanterm PC features five different selectable 
screeri configurations created to enhance dual 
porroperation. Screen options include thr! hor~ 
zontal port split. the vertical port split, hf (port 
1) only. VHF (port 2) only, and the standard con1 
h~ned port 1 /port 2 full-screen display. All screen 
rllsplays include a separate transmit display 
window. 

In addition to screen options. Kariterni PC also 
features 37 user loaded buffers of 254 charilc 
ters each, and a pop up menu that displays ad 
d~tional program options. Kanterm~PC ~nchrdes 
a real-time clock and date display. word wrap 
ping of received text, and many other valuai)le 
features. 

For fi~rther ~nfornistion. contact Kantronics. 
1202 Easl 23 Street. Lawrence. Kansas 66016. 

Circle 1303 on Reader Service Card. 

tvlfm interference 
highpass filters 

A m ~ c o  has ~r i t rodt~c~?d two new tv , fn i  lntnr 
ferericr! hiqhpass ftllers. The new modcls avrlll 
able an! HP 75T, for 75 nlini applications, whlcll 
comes w ~ t h  a length of co;lxlal cahle for easy 111 

stallatinn, and HP 300T. for twin lead r~l~pltca 
tlons, which has a twin lead terminatinri for 
simple ~nstallat~ori. Each fllter contaliis nine 
shielded sections, with a total of 25 elements 111 

five ~ndlvidually shielded compartments. They 
provtdt? 70 dB attenuation below 50 MH?. The 
list prlce lor each is $12.95. 

For further information, contact Anicco Equip 
merit Colnpariy, 220 East Jericho Turrl l)~k~. MIII~ 
eola. New York 11501 

Circln I304 on Reader Service Card. 

Measure Up With Coaxial Dynsmia 
Model 85A lbrmination Wattmeter 
A direct-reading instrument for servicing 50 ohm communication systems ana 
maintaining them at peak operation. 
The Model BSA feaulres: 

Dry load no coolant required. 
Replaceable connectors, interchangeable without effecting instrument 
calibration. - ---.  

Four power ranges sesily switchable - 
0-3n5150 and 150 watts full scab. 
Frequency Range: 20 to 512 MHz 
Accuracy. 5% OFS 
Temperature Compensated 

Contact us for your n e a m  
Q 

auWied Coax'-' 
Dynamics 
mpresentatiw 01 
distributor in our 
WOdd-wideBaleb - 
network. 

. -. - . . - - - - - - 
Sewice and DependabiIity.. .A Part of Every Ruduct 

43 6 AMSAT-NA FIFTH Space Symposium + 
This conference was held in conjunc- 
tion with the 1987 Amsat Annual Meet- 
ing In Soulhfield. MI. Nov 6-8. 1987 11 
papers are presented w ~ t h  topics on: 
trends in spacecraft technology. and 
space science education. FO-12 mail- 
box. ORP EME. Phase Ill-C and Phase 
IV developments in orbltal determina- 
tion and att~tude control. Over 100 
pages $12 

OTHER CONFERENCES 
Mid-Atlantic VHF Conference. This con- 
ference was sponsored by the Mt. Airy 
VHF Rad~o Club, Ocl. 10-11. 1987. 11 
papers cover everythlng from mountain 
topp~ng to transceivers for the 3400 and 
5600 MHz bands. 120 pages. $10. 

2191 Central States VHF Society Con- 
ference held In Arlrngton Texas. July 23- 
26 19R7 28 papers covertng everythlng 
from use of TVRO dlshes for moon- 
bounce to a so l~d  state ampllfler for 5 7 
GHz 166 pages S10 

6th ARRL Computer Nelworking Con- 
ference held In Redondo Beach. Callfor- 
nla August 29. 1987 The lalest concepts 
on network~ng. h ~ g h  speed modems and 
other packet-radlo technology are dls- 
cussed In 30 papers that were prepared 
for the conlerence 174 pages $10 

MICROWAVE UPDATE 1987 held in Estes 
Park. Colorado. September 10-13. 1987. 
17 papers on equipmenl, antennas and 
techn~ques for 902 MHz through 10 GHz. 
Much lnformatlon on construction of 2.3. 
3 4  and 5 7 GHz gear. 136 pages. $10. 

Please include $2 50 ($3.50 UPS) for shipping and handling 
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approximately 50 percent tha size of the original worked and verifying which of those states (or 
TNC-2. This is not a kit, it's a fully assembled countries) still haven't sent that all-important 
and tested 1200 baud unit, ready for use on 10 QSL card. 
meters and VHF. For additional information con- QSO PRO is designed to  be user friendly and 
tact Pac-Comm Packet Radio Svstems, Inc.. stores information on the most often used stat- . . 

3652 W. Cypress Street. Tampa, Florida33607. 
Circle #306 on Reader Service Card. 

self-teaching 
Novice package 

The New Novice Voice Class instructional 

istics involved in the average OSO. Addition- 
ally. it offers the convenience of REAL TIME 
LOGGING: PRESET for presetting routine re- 
sponses; DUPE checks all logged contacts and 
brings important facts to the current contact. 
The BROWSE command allows scanning for a 
specific resDonse usina one letter to  the entire - 

package from Master Publishing contains every- response, 
thing would-be hams need to learn about, pre- as0 PRO is self documenting (using help 
pare for. and pass the new Novice examination screens). MEMO allows storing personal notes 
and obtain a license. Two audio cassette tapes of up to 55 characters about each contact, 
and a 112-page book provide all the material cov- CURSOR CONTROL gives the ability to easily 
ered by the and elements the chanae anv of the information of anv contact. 

cleaning, polishing tool 
The Eraser Company has announced the avail- 

ability of its new Superbrush Cleaner and Bur- 
nisher Kit, which contains a Superbrush holder 
with a coarse-grade FybRglass refill installed and 
two extra refills made of stainless steel wire and 
fine-grade FybRglass. Each gives a different 
cleaning action, ranging from a fine polish to a 
coarse, sandpaper finish. 

Priced at $6.98, the Superbrush may be used 
to clean, burnish or polish a variety of surfaces. 
Some of its many uses include removing rust 
spots, cleaning electrical contacts, roughing sur- 
faces before using epoxy or glue, cleaning lead 
in stained glass, deburring small metal pans. 
scrubbing stains off pots and pans, and a num- 
ber of other houseHold and office uses. A twist- 
tip control allows the entire length of the refill 
to be used: replacement refills are available in 
packs of two. 

For details, contact The Eraser Company, Inc., 
P.O. Box 4961, Oliiia Drive, Syracuse. New York 
13221. 

Circle CJ05 on Reader Sewice Card. 

tiny TNC-2 announced 
Pac-Comm announces a totally redesigned 

TNC-2 clone, which uses unmodified TAPR 
TNC-2 software. This new Tiny TNC-2 uses an 
integrated circuit modem and simplified circuitry 
to insure reliability, size reduction and a much 
lower cost. This unit includes as standard fea- 
tures 32k RAM and 32k EPROM, RS 232 and 
l T L  compatibility, watchdog timer, modem dis- 
connect header, switch selectable terminal baud 
rates and 12V DC operation. The Tiny TNC9 is 

Novice Class examination. 
The two-sided, &minute cassette tapes teach 

the student how to receive and send 5 W P M  
CW: the book contains the 302-question pool 
- with explanations of the answers - from 
which examiners select 30 questions for the 
theory examination. Charts, diagrams, and equa- 
tions illustrate the subject matter. A copy of 
Form 610 is included, as are directions for the 
examiners. 

The New Novice Voice Class package is avail- 
able in Radio Shack stores for $19.95. For more 
information, contact Master Publishing, P.O. 
Box 834158, Richardson, Texas 75083-4158. 

Circle IJ)9 on Reader Service Card. 

network design, 
analysis program 

RF Notes No. 4 (Network Analysis1 from Etron 
is the sixth in a series of design assist programs 
for problems frequently encountered in rf and 
analog design. R, L, and C elements (up to 14 
sections) may be entered in schematic diagram 
form (you actually draw the schematic as you 
go) or entered directly. Output data is in tabu- 
lar and graphical form. Graphics plot parameters 
are user-selectable. Final designs can be saved 
and retrieved lexportlimportl in schematic form. 
Designs from the other Etron RFNotes programs 
(proper version) can be imported for Edit and 
Analysis. 

Priced at $179.00, plus shipping and handling, 
the fully menu-driven program includes a tutorial 
section, is color/monochrome selectable, and 
runs on the IBM PC, PCXT, PCAT, PCjr. IEn- 
hancedl, PCIMS DOS 2.1,256K. A color graph- 
ics card (CGA) is required. 

For information, contact Etron RF Enterprises, 
P.O. Box 4042. Diamond Bar, California 91765 

Circle 1310 on Reader Service Card. 

new MS-DOS logbook 
OSO PRO from Morlan Software is a high- 

quality MS-DOS logbook. QSO-PRO was devel- 
oped for radio amateurs who are committed to 
keeping track of QSO details. The problem is 
compounded when keeping track of countries 

- .  
TALLY QSO PRO counts QSOs. QSLs sent and 
QSLs received by state and country. TALLY also 
ignores any OSOs that are marked as a duplicate. 

QSO PRO List Price is $39.95 and is available 
through the ham radio Bookstore (add $3.50 for 
shipping and handling1 or can be ordered directly 
from Morlan Software, P.O. Box 2400, East 
Liverpool, Ohio 43920-0400. 

Circle t307 on Reader Service Card. 

components catalog 
A new catalog from Mouser Electronics offers 

176 pages featuring 16,000 items including capa- 
citors, potentiometers, resistors, transformers, 
lamps, switches, batteries, holders, jacks, plugs, 
speakers, knobs, fuses, semiconductors, hard- 
ware, tools, test equipment, relays, cabinets, 
meters, alligator clips, delay lines, crystals. sol- 
dering equipment, integrated circuits, heat sinks, 
fans, diodes, coils and chokes, connectors. 
microprocessors, and more. 

For a free copy, contact Mouser Electronics. 
P.O. Box 719, Mansfield, Texas 76063. 

Circle CJOB on Reader Servlce Card. 
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No other repeaters or controllers match 
Create messages just by talking. Speakany phrasesor 

Mark 4 in and features. That's words in any languages or dialect and your own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and repeater sites emergency warnjngs, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message Masterru real speech . voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation. and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver . extensive phone 
patch functions. Unlike others. Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller. and receiver winners. 

MICRO CONTROL SPECIAL 
I - Division of Kendecom Inc. 

23 Elm Park. Groveland. MA 01834 (617) 

TELEX 4932256 ~en<ii;;orn 

1 372-3442 FAX 61 7-373-7304 

FAX-1000 fax converter 
DGM E1or:tronics. Inc. has just i~ i t roduce~l  the 

FAX-1000 Facsimile Converter to 11s line of qua1 
ity communications products. The FAX~lO00 
simply connects between your comm~rnicat~ons 
recetver and any Epson graphics compatilile 
printer. 

The FAXlOOO can be operated in the auto 
matic or manual mode. In the automatic mode, 
it will wait for rlie appropriate signals from the 
sending station to start, frame, arid stop prlnt 
ing. In  the manual mode, the operator can start 
the printinq antf manually frame the picture. 

Front~pa~iel  LED intl~cators and pushl~uttons 
make the FAX 1000 easy to operate. 

Housed in a compact, RFI proof alumirium m 
closure, the FAX 1000 measures otily 7 x 2 x 6 
inches deep. The unit 1s powered by a 110 VAC 
wall transformer lincludedl, nnrl priced at $299. 
For niore ~nfornlalion, contact DGM Electron 
ics. Inc.. 901 Elmwood Avenue. Beloit. W~scon 
sln 5351 1. 

Circle I311 on Reader Service Card. 

The FAX 1OOO allows you t o  print weather 
charts, satellite pictures. and press photos. It will 
copy a m  facsimile s~gnals sent Ily satellite or l m  
facslmtle s~gnals, which are normally sen? on the 
hf frequenc~es. It WIII copy all standard speeds 
and ~ndices o l  cooperation. P~ctures can I>r ~n 
verted or prlntcd In either dtreclion. A ten 
segment bar {~rapl i  allows accurate tuntng of  the 
stat~on being cnpio(l 

marine radio 
Tile riew Veclot Radio VR 50 transcetver. 

priced at $1.295, offers worldwide hi. 5.56 corn 
nii~nications In the Amateur. marine, aircraft. 
and emergency rescue bands. Powered by a re 
chargeahle battery which 1s maintained at full 
charge by ;I photovoltaic solar panel on top of 
its waterproof floating case, t h ~ s  self contaitied. 
portable unit measures onty 14 x 11 x 6 and 
weiqhs 16 pourids. 

Its 8 foot telescoping w h ~ p  antc!nrla stores  in^ 

side the case when ~ l o t  in use. While an inter 
nal antcnrra ttrricr IS b~rtlr In, the VR 50 may h r  
used w ~ t l ~  ;I wide range of auxiliary antennas. 

Crystalco~itr~,lled lor "on the money" tuntng 
on  a total of 24 clianrlels in rhe 1.8 to 17-MHz 
hands. the unit puts out 50 watts PEP on voice 
and 25 watts on CW Icodel. Type acceptance 
by the FCC or1 niarrne and aircraft frequenc~es 
is expect~xi I>y Novemher 1987. 

For ~ri lorrnat~on, contact the Vector Rad~o 
Conipanv. 3207 Royrriar Road. Oceanside. Cal 
ifornlo 92054 

Circle I312 on Reader Service Card. 
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Ham Radio's guide to help you find your local 3 
California AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outs~de Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

I Maryland 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 
Kenwood, Ten-Tec, Alinco. Azden. Full 
servlce dealer. 
M-F 10-7 SAT 9-5 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(81 8) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

Georgia 
JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 Massachusetts 

-- 

DOC'S COMMUNICATIONS 
800-882-1 343 Trades 
Habla Espanol 

702 CHICKAMAUGA AVENUE 
ROSSVILLE. GA 30741 
(404) 866-2302 I 861 -561 0 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

- - -  - 

TEL-COM, INC. 
675 GREAT ROAD, RTE 11 9 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER. CO 80229 
(303) 288-7373 
(800) 227-7373 

Hawaii 
HONOLULU ELECTRONICS 

Stock~ng all major l~nes 
Kenwood Yaesu, Encomm, ICOM 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu. Hy-Gain. 
Cushcraft. AEA. KLM, Trl-Ex Towers, 
Fluke, Belden. Astron. etc. 

ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37279 W. SIX MILE RD. 
LIVONIA, MI 48152 
(313) 591-7745 
Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 
Call Paul, WD8AHO 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prlces you can afford. 

-- - 

Idaho 
Missouri 

MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store 

lllin ois Nevada DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santec, KDK, and more 
One mile off 1-95, no sales tax. 

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. 

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 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
8 13-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30, Sat. 9-3 

Indiana 
New Hampshire 

RIVENDELL ELECTRONICS 
8LONDONDERRY ROAD 
DERRY. N. H. 03038 
603-434-5371 
Hours M-S 10-5; THURS 10-7 
Closed SunIHolidays 

THE HAM STATION 
220 N. FULTON AVE 
EVANSVILLE, IN 47710 
(800) 523-7731 
(81 2) 422-0231 
ICOM. Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain. AEA & others. 

YOU SHOULD BE HERE TOO! Dealers: c ontact H ~ R I  Radio now for corr~pIete ~ e t m l ~ .  
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Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
4 14-442-4200 
Wisc. Wats. 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-5:30 Sat 9-3 

Foreign Subscription Agents 
for Ham Radio Magazine 
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GIVE YOUR EARS A BREAK! 

Auto-Kall 
AK-10 

. Compete irallv 10 \i,.r I)1 Mf .clect~ve calllng unll . Use wrlh FM of AM Iransce~ver scanner elc 

Bu~ l l -~n  speaker . Aulomal~c speaker reset 
Easy programnilng w ~ t h  switches .Call l ~ q h ~  

Unreslrtcled 3-dlgfl code all 16 d~gllr. Wrong number reset . 12 vDC mobtle or bas? with 117 VAC power pack (mcluded) 

MoTron - 
Electronics *r $89.95 
695 W. 21st Ave. - (S I 00 ,;h1pp8no 
Eugene. OR 97405 Hdidl~nq u s A I  

Call Toll  reel -800-338-9058 or(5031687~2118 

fl 115 

New Jersey 
ABARIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
20 1-939-001 5 
Don WB2GPU 
Astatic, Azden, BBW. Butternut. Larsen. 
MirageIKLM. Kenpro, Nye, Santec. 
THL, and many others. 
M-F 10 am-9 pm 
SAT 9 am-7 pm 
VISAIMC 

KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
D~stributor of: KLM. Mirage. ICOM, Lar- 
sen. Lunar. Astron. Wholesale - retail. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

Ohio 

AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE.OH44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI. OHIO 45209 
(51 3) 531 -4499 
Mon-Sat 10AM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSRURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featurtng Kenwood. Yaesu, Icom. 
and other line gear. Factory author- 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357-1400 
Same Locat~on for over 30 Years 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 
Kenwood. ICOM. Ten-Tec, Cushcraft. 
Hy-Gain. Hustler. Larsen. AEA. 
Mtrage. Arner~tron, etc. 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
512-680-61 10 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory aulhorized sales and 
service. 
Hours: M-F 10-6; SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN 8 
KIRKWOOD) 
HOUSTON. TEXAS 77082 
(713) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 



Tom McMullen, WlSL 

Standing Wave 
- what does it 

Ratio 
mean? 

Every radio amateur has at least 
heard the term, many have measured 
it and some know what it means. 

SWR or VSWR? 
SWR or Standing Wave Ratio is a 

term often used by Amateurs and 
others in the rf world. But this neat, 
easy-to-say phrase, doesn't really tell 
us what kind of waves it describes. 

The proper term is VSWR or Volt- 
age Standing Wave Ratio. Some peo- 
ple even try to pronounce it -- some- 
thing in the order of "vizwahr" comes 
out. I'm not sure that pronouncing it 
improves anything, but the electronic 
world is full of buzz words. However, 
back to the questions: what is VSWR, 
how do we get it, and how is it 
measured? 

Figure 1A shows a cross-section of 
coaxial transmission line terminated 
with a resistor (or load that appears as 
one) that matches the impedance of 
the line. Stick a voltage-sensing probe 
in the transmission line, move along 
the line for a considerable fraction of 
a wavelength at the frequency of your 
transmitter, and you will get an equal 
voltage reading at all points. This is 
called a flat line. There are no peaks 
or depressions in the voltage readings 
from one end of the line to the other. 
The VSWR is 1: l .  

How does it become unflat? Let's 
lay the groundwork for understanding 
that by looking at some basic dc and 

ac theory. When you apply voltage to 
a resistor, current flows through it, and 
the energy (power) is dissipated as 
heat. That's the only thing a resistor 
can do with energy - turn it into heat 
and get rid of it by letting the air 
(water, oil, metal, or some other 
medium) soak it up. It accepts all the 
energy you give it. 

Applying dc voltage to a coil (induc- 
tance) doesn't produce the same re- 
sult. When current flows in a wire it 
creates a magnetic field. If that field 
cuts across any nearby wires, it creates 
a counter emf. The counter emf tries 
to make current flow in the opposite 
direction of the one that created the 
field and the two currents oppose 
(buck) each other. Consequently, 
maximum current flow is delayed while 
voltage is not and they get out of 
phase. After the initial surge of current 
flows through the coil, the field be- 
comes steady and the maximum dc 
current flow is determined by the 
resistance of the wire and the applied 
voltage. 

Things get more complex if you ap- 
ply an ac voltage to an inductor. The 
magnetic fields build and decrease 
with each ac cycle. When the field 
builds in the first quarter of a cycle, it 
opposes current flow. As the ac volt- 
age decreases during the next 114- 
cycle, the field decreases. A decreas- 
ing field creates a current flow that 
reinforces the original current. During 
the next two 114-cycles the process is 
repeated and the voltage and direction 
of current flow reverse, causing the 

magnetic fields to increase, decrease, 
and reverse as well. The result is a 
complex interaction of current flow 
that slows down and speeds up as de- 
termined by the frequency of the ac 
applied voltage and the reactance of 
the coil. If the reactance is high 
enough at the frequency of the ac, 
almost no current will get through be- 
cause the magnetic fields are strong 
enough to oppose it. 

To understand the difference be- 
tween dc and ac power flow remem- 
ber: with dc maximum voltage and 
current occur at the same time, and 
with ac this happens only when the 
load is a pure resistance (or by the use 
of electronic trickery appears as one). 
At all other times, the magnetic fields 
cause the voltage and current flow 
peaks to be out of phase. Now, let's 
see what this has to do with antennas 
and VSWR. 

the antenna as a resistor 
An antenna that is exactly the right 

length for the frequency applied is 
resonant. This antenna accepts all the 
energy it is given and radiates it into 
space - much like the resistor that 
radiates all its energy as heat. The 
more you give it, the more it radiates. 
Such an antenna can be called resis- 
tive or matched. 

When the antenna length is not right 
for the frequency, some of the applied 
energy is radiated into space but some 
is used in opposing the current flow by 
means of magnetic fields, just as with 
the inductance. These reactive anten- 
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O€ rEC ,OD 

VOLTAGE DISTRlBUT!ON 

-- PROlC  

- - - - - - - - - - C - - - - - - - - - - - - - - - - - - . - - - - - (, - . GENtPArOP 

5 0  OHM COAX TRANSH(5S ION LlWC 

VOLTME TCR 0 

lC-735 
IC.761 New lop ol I.I~IC> 

IC-735 Gen. Cvg. Xcvr 
IC-751A Gen. Cvg. Xcvr 
A7000 Gen. Cvg. Rcvr. 
R71A Gen. Cvg. Rcvr. 
IC-28NH FM Mobile 2 5 ~ 1 4 5 ~  
IC-37A FM Moblle 25w 
IC-9M) Super MulIl.Band Mobile 
IC-O4AT UHF HT 
IC-48A UHF 45w 
IC-38A FM Moblle 25w 
IC-02AT FM HT 
IC-LZAT Micro HT 

List Juns 
2.1'31) 00 La11 I 
5999 00 Call I 
1649 00 Call 3 
1099 00 Call § 

949 00 Call S 
4291459 Call S 
499 00 Call S 
589 00 Call S 
449 00 Call S 
459 00 Call 9 
459 00 Call 9 
399 00 Call S 
379 00 Call S 

la VSWR = Vmax/Vmin. Note that With this background on VSWR, 
the r a t i o  is always greater than ( o r  you can understand the performance 
equal t o )  1, and expressed as 1:l ( f o r  of the many commercial and home- 
a flat l ine) ,  2.3:l ( f o r  moderate S W R ) ,  brew SWR meters available. It is im- 
or 11 : 1 ( f o r  a badly mismatched practical to keep a slotted line in your 

YOLTllGE O I S I R I B U T t O U  

P P O l f  

P .  30 

O H M S  

50 OHM C o a x  ~ R ~ ~ S U ~ ~ S ~ O N  L I*E 

f ig. 1. When  t he  load  a t  t h e  e n d  o f  a t ransmission l ine is t he  same as  t he  impedance 
o f  t h e  line. t h e  r f  vol tage a long t he  l ine i s  constant .  s o  t h e  l ine i s  cal led "f lat" as a t  
A. I f  t he  load  (resistance) i s  n o t  t he  same as the  line, t hen  reflected. out-of-phase vol t -  
age  interacts w i t h  r f  energy f r o m  the  transmitter, w h i c h  causes peaks a n d  valleys i n  
vol tage readings a long t he  line. as  a t  €3. 

s y s t e m )  

TS-430s Gen Cvg Xcvr 81995 Call$ 
TS-71 IA  All Mode Base 25w 899.95 Call $ 
TR-751A All Mode Mobtle 25w 599 95 Call 16 
TS440SIAT Gen. Cvg Xcvr 1199 95 Call S 
TM.2530A FM Moblle 25w 429 95 Call $ 
TM-2550A FM 45w 469 95 Call ' 
TM-2570A FM Moblle 70w 559.95 Call $ 
TH-205 AT, NEW 2m HT 259.85 Call S 
TH.215A, 2m HT Has All 349,95 Call , 
TH2lBT 2~ HT 259.95 Call 16 
TH3lBT 220 HT 269.95 Call $ 
TM-3530A FM 220 MHa 25w 449.95 Call $ 
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nas cause some energy to be reflect- A standard laboratory method of de- 
ed back down the transmission line termining VSWR involves moving a 
toward the transmitter and the phase probe along a calibrated section of 
of the reflected energy is not the same transmission line (either coaxial line or 
as the energy coming from the trans- a w a v e g u i d e ) ,  and using the readings 
mitter. This reflected, out-of-phase for calculations. Commercial SWR 
wave interacts with the next cycle of meters that use loops to sample rf cur- 
energy from the transmitter producing rent in a transmission line are calibrat- 
peaks and valleys of voltage along the ed against this voltage-probe type of 
transmission line. By measuring the instrument ( c a l l e d  a slotted line be- 
voltage with a probe, you get readings cause of its c o n s t r u c t i o n ) .  

with curves like those in fig. 16. To 
determine the VSWR. use the formu- instruments 

FT 757GX 
n.757 GX Gen i , ~ r l  x r v r  5995 00 Call S 
FT.767 Oand New I895 00 Call $ 

FT.211 RH 459.95 Call $ 
FT.2goR Mode por,able 579 g5 ca,1 , 
FT-23 RITT M I ~ I  HT 299.95 Cat1 5 
FT-209RH RM Handheld 5w 359.95 Call 5 
FT-726R All Mode Xcvr. 1095.95 Call S 
FT -727~  2M170CM HT 479.95 Call 5 
FT2700RH 2M170CM 25w 599.95 Call 5 





WANTED: KZRlW Amplif~er and Power Supply IOST, Apr~l,  
May 19721 Gerald Rose. KB4OGJ. 524 N Quaker Lane. Alex 
andr~a, VA 22304. 17031 370-1880 

- ~ -  - 

ANALOG AND RF CONSULTING for thl! San Francisco Bay 
area Commefc~al and m!l~tary clrcults and systems. James Long, 
Ph D . N6YB 1408) 733 8329 

- 
FOR SALE: Ham Rad~o Magaz~rws. May 1974 to December 
1987 Also Astronomy Magazines January 1978 to Oeccnlber 
1987 All mlnt cond~t~on,  In yearly holders. Make offer. Ralph 
Alb~ston. W71YO. 3029 East 3175 South. Salt Lake Cfty, UT 
1801 1 484 3859 

- 

1988 PRODUCT AND PRICE LIST of our K ~ t s  and Assernbljes 
IS now avarlable. Sr!nd SASE to A b A Engtnnertng, 2521 W. 
La P.lltna. Unlt K, Anahelm. CA 92801 

Eastern N ~ n e  hundred Amateurs In 40 countries Rev Thonlas 
Sable, S.J . Un~vetslty of Scranton. Scranton. PA 18510. 

- 
MARCO: Medlcal Arnateur Rad~o Council, Ltd, operates dally 
and Sunday nets Medically or~ented Amateurs Iphysicians. den 
tlsts veterlnarlans. nurses. ohvwotherao!sts, lab technsrans, nc1 
lnv~l'ed to join Preserltly over 550 members. For ~ r l f o~ma t~on  wrlte 
MARCO. Box 73's. Acme, PA 15610 - - 

RATES N o n c o m m e r c i a l  a d s  1OC per word; 
c o m m e r c i a l  ads 60C p e r  w o r d  both payable 
in advance. No cash discounts or agency com-  
miss ions a l l o w e d .  

HAMFESTS S p o n s o r e d  b y  non-profi t  or- 
ganizat ions  receive one f r e e  F l e a  M a r k e t  ad 
(subject t o  our  edit ing) on a s p a c e  ava i lab le  
bas is  on ly .  R e p e a t  insert ions o f  h a m f e s t  a d s  

p a y  t h e  non-commerc ia l  ra te .  

COPY No specia l  layout o r  a r r a n g e m e n t s  
ava i lab le .  M a t e r i a l  should  be typewr i t ten  or 
c lear ly  pr in ted  (not all capitals)  and must in- 
c l u d e  full name and a d d r e s s .  We reserve  the 
rlght to reject unsuitable copy. Ham Radio can- 
not  c h e c k  e a c h  advert iser and t h u s  cannot  be 
held responsib le  for c la ims m a d e .  Liabi l i ty for 
correctness  of mater ia l  l imited to corrected  ad 
in n e x t  ava i lab le  issue.  

DEADLINE 1 5 t h  of s e c o n d  p r e c e d ~ n g  
m o n t h .  

SEND MATERIAL TO: Flea M a r k e t .  Ham 
R a d i o ,  Greenvi l le ,  N. H. 03048. 

-- 

COMMODORE REPAIRICHIPS. We are the oldest/ l~tr~xf~sl 
Authorlzed Servbce Center t r i  the countrv Low nrlres i' 64 - 7 -  

repalr $39 95 lncludlng parts'labor Commodore Chtps d l  low 
prlces #6510 $8 95 6526  $8 95 U6567 $14 45 16581 $10 95 
82S100lPLA $10 95 325572 $9 95 325302 $10 95 
#a721 $10 50 18722 $12 95 901 ROM Ser~es $9 95 lfor 2 or 
more r:h~psl arid rtlatiy others ..." THE COMMODORE DlAG 
NOSTICIAN" A complete d~agnostlc reference chart for flxwg 
Comrr~odote conlputers, etc An absolute must fur those wf>o 
want to f ~ x  thelr own computers and save money dnd down tlmr 
$6 95 plus posta(jr HO Power Supply for C 64 $2/ 95 

t pp Send for complete chlpslparts catalog. We ship w<>rld 
wlde VISAIMC. Kasdra. Inc, 36 Murray Hill Dtlvc. Sprfny Val 
ley. NY 10977 1-800.248~2983 INat~onw~deI  or 914 356 3131 

- - 

FOR SALE' 1 RACAL Model RA6778 0-30 MHr  recewer Ex 
cellerlt candltron $4200 00 US Barrle Greenwood. VE3AOA. 
248 30th Street. Etob~coke, Ont Canada M8W 3E1 14161 
253 0708 

COMMODORE CUSTOM CHIPS FOR C641128 Coml~uteri  
Perlpllerals at low (Irtces. 24 lrour dr,tvery 6510  $9 95. 
#ti526 $9 95, Q6567 $14 75. #6581 $12 a?, PLA $12.50. 901 
ROMS d l  $10 95 each and marly others THE COMMODORE 
DIAGNOSTICIAN" A complett. d~agnosr~c referrnce chart for 
flxlng Commodore computers etc An ab\olutt: must for those 
who want to fox ihe~r own computtSrs and %we money and down 
ttme $6.95 plus postaye HD Puwer Supply for C64 $27 95 
. .  Send for complete ch~psiparts r alalog VISA MC Kasata 
I n c .  36 Murray Hlll Drlve. Spring Valley. NY 10977. 
1 800.642~7634. 800748.2983 II>LI~SI~P NYI or 914 356 3131 

ANTENNAS ANTENNAS Ausr~n VHF UHF Trl Banders )agls 
HF antenna experlnienters k ~ t  t~ooks SASE b r~ r~gs  lists Erl N d l  
W3FO J POB 75 Chalfont. PA 18914 

SUPERFAST MORSE CODE SUPEREASY. Subllmlndl cas- 
sette $10 Learn Morse Code In 1 lhour A n ~ a z ~ n $ ~  new supereasy 
technique $10 Both $1 I Moneylnck guilrantec Free catalog 
SASE Ball,, 2549 H9 Icmple. P.,lnnbay. FL 37905 HAM LAB PROJECT Want several peces HP G 382A b.jrta 

ble attenuator Will rons~der arly repawable cor id~t~on K600X 
PO Box 10 0 Neals. CA 93645 12091 868 3548 Collert UHF PARTS. GaAs fets. mbmlcs, rhqp caps, tr!r!lmer caps, and 

other buildpr parts MGF 1402 0514  00 MFG 1302 0510  00 
8 10&,f Tr~mtrontcs trtmrner @$3 75 Porcelrl,n rhtp caps 

@$1 75. Orders add $1.00 p t h SASE for (.omplole l~st MICRO 
WAVE COMPONENTS. 11216 C,~pe Corl. Taylor. MI 48180 

30 YEARS PROVIDING QSL's. F. ..I color Old G.orl Carla, 0. 

Alx, P I!< tt111, nt (ia,<lt.#~ Lago. .$n<l ~ t n v r b  I rt., b.,fnll b SASE 
auplt ~ ~ I Y I  H..\pr nt Rt 1 BOA 363 n R  Spr t i  1 ?i I I(S 6l,t 83 

- ~ - -  

YAESU FT-727-R COMPUTER INTERFACE. For ~ n f o  wrjtr 
Gerald Hogsett Cor~sulttng. 1581 Woodland, Palo Alto CA 
94303 

2 4 kHz AM Demodulator w ~ t h  8 b ~ t  A D and buffer Cop) 
WEFAX from GOES SATELLITES or APT from NOAA POLAR 
ORBITING SATELLITES Crratrxl for I IS~. wlth Elmer Sc hwlt 
tek s Mult~fax 2 0 program Orde~ R06  KIT $49 95 or assem 
bled ,lnd testf*d board Order 1206 ASY $69 95 Add $2 50 
shlpp~ng per order For ~ n f o  on ,111 our WEFAX products send 
SASE to A b A Eng~neerlny 2571 W L.tPalma Unlt K And 
helm CA 92801 17141 952 21 14 

TEST EQUIPMENT WANTED. Dotl't Walt we'll pay cash 
tor LATE MODEL HP. Tek, etc Call Glenn, N7EPK at Skagttron 
~ c s  Co 18001 356 TRON 

HAMLOG COMPUTER PROGRAMS. 17 modules auto lo!js. 
sorts 7 b ~ r l d  WAS. DXCC Full le;ttures Apple $19 !15. IBM or 
CP/M $74 95 KAIAWH. POB 2015. Peabody. MA  01961) 

RUBBER STAMPS: 3 l ~ n r s  55.00 PPD Serd check or MO to 
G L Plerce, 5571 Ll~rkdale Wdy. San D~ego, CA 92117 SASE 
hrnngs ~nformat~on 

ELECTRON TUBES: Rece~vony, transmlttlng, nilcrowave all 
types ~dvallable Largo stock. Next day del~very, lnost c,gsrs 
DAILY ELECTRONICS. PO Box 5029 Compton. CA 90224 1:'131 
774- 1255 

NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A rnl l-Serv~ce Ham~SWL CB 
Scanner store I,, NJ Dtscount G!,tr~d Opvntng Prtces Top per 
forni~ng radlo systems for every lludget New 10 meter and 
VHF.UHF rlgs. ARRL. Amphenol, Ast;~l~c, Astron, Arden, 
BBW. B~lal Belder~ 9913. Butternut. Clear Channel. KLM, Lar 
sen. MFJ, Muage. MII Spec Cal>lss, ~ n u c h  more Open M-F 10 
AM 9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qual~f~ed repalr fac~lity. ABARIS SYSTEMS. 276 Or~ental PI, 
Lyndhurst. NJ 07071 12011 939 0015 

TEKTRONIX 7000 scope plug 1"'s wanted 7A. 7B. 70,  7s .  
7L sertes Doug Rvgalo. 13117 132 St. Edmonlon, Alberta TSI 
1R6. Phone 14031 453 I008 

CUSTOM MADE EMBROIDERED PATCHES. Any stre, sh~lpe. 
colors F~ve patch mtn!mum Free sample. prlce? and ordt:rlng 
~nforniat~on. HElN SPtCIALTIES. Inc . Dept 301. 4202 N Dr.tke. 
Chlcayo. IL 60618 

I PAY CASH for new and used vacuum tubes, espec~ally vln 
!age and transnultmng types I also b ~ ~ y  vwtage audbo equ~pmt!tit 
by Weslc!rn Electr8c. AItec, Mclntosh. Marantz. Wrstrex, r t c  
Randy Nachtrleb. WA6GJA. 6392 Park Avenue. Gartleri Grovt', 
CA 902645 17141 897 9351 

WANTED ATLAS 350-XL. N5NM. Box 2169. Sar~ta Fe. N M  
87504 15051 988 2305 

CLEANING HAMSHACK. Ham equipment, test ~ q u ~ p m e n t .  
!manuals. redlo parts. optrcs and antclue rad~os, parts Send busl 
ness SASE for list W6ltG. PO Box 1244, Oakhurst. CA 93644 
(2091 683 8430 

WANTED: Swan250. 6 rneter (tubel SSB/CW transcetver anrl 
power supply R~chard McMahon. PO Box 316. FPO New York 
095 18 

ANNOUNCING a n ~ ~ w  heavy d ~ ~ t y  C 64 Con-modore rcl,l.ac.e 
men1 power supply rspec~ally for the Packet R;ldlo An~.*rr,ur 
The new h~yher arripc-rage autpul will now allovu for 24 hour con 
tbnuous "Pa< kc!" operatlon w~thout  voltage ch'ange or I.l~lure 
which the exostlrlg unit can succomb to Thts P S 1s an ~.xdct 
phys~<.al replacemant atld wdl not rtrn hot $,'I95 
I pp VISA/MC Kd3ara Inc, 36 Murray H ~ l l  i)rwe. Sprtnkl Val 

ley, NY 10977 1 800 248-2983 INat~onwtdel or 914~356 3131 

WASGFR COMMUNICATIONS SOFTWARE. $15 00 dfsk con 
talns HFiVHF UHFiL Rand prt,pdgatton programs to pred~ct 
range ~n nrlles based on transmitter power, rect:lver sensttlvfty, 
and antenria lhe~ght b g d ~ t ~  A 'n1~1st" for deslgmng repeater 
Install~lttons Also ~ncludes SmlIh Char1 ~mpedance mdlchlng 
proyrdms Commodore 64 or IBM Lynn Gerq. RRI, Monroe 
v!lle. IN 46773 

SMART BATTERY CHARGER f t ~ r  gel1 cells or lead ac14 bat 
tenes, by Warren Olon. W lBBH See June '870ST Magaztne 
for clrcult deta~ls. Complete k ~ t .  noth~ng else to buy, only $49 95 
plus $3.50 s l h  Order C150 KIT A b A Fng~nt:er~ng, 2521 W 
LaPalma. Unjt K .  Anahelm. CA 92801 

RECONDITIONED TEST EQUIPMENT $1 2', for L ~ I ~ I I O ~  
Walter 2697 Ntckcl San Pdljlo CA 94806 

COMING EVENTS 
Activities - "Places to go . . ." IBM-PC RTTYICW. New Compf!:ty II 15 the conlplete RTTYI 

CW program for IBM-PC's and cr>mpat~bles. Now wlth larger 
buffers, b w e r  support for packet onlts, pictures, much rnore 
V~rtually any speed ASCII, BAUDOT. CW Text entry "la budt- 
In screen edttorl Adjustable spl~t screen dlsplay lr~stant 
  nod el speed change. Hardcopy, dlskcopy, bredk I" buffer, se 
lect calliny. text ftle transfer. cusl~,m~zable full screen logglng. 
24 progrdmrrahle lODO character rnessagcs Ideal for MARS and 
rraff~c har~dl!rl(l. Requlres 256k PC rlr AT ~.ornpatlble, ser~al port, 
AS 232C TU $65 Send call letters I~nclu(llng MAHSI wlth order. 
Dav~d A RICE. KC2HO. 25 V~llagc, View Bluff, Ballston Lake. 
NY 17019 

R-390A Receiver: $115, electrc~ntcally complete, repalralrll. 
lgovernntpnt removed rrreters, ol~rrat~orr unaffected) R 390A 
parts; ~ n f o  SASE. Prolessaonal quality TS~352 Voltohmi 
Mult~meter. AC DC. w ~ t h  leads, manual. $12 50 M ~ n t  m~lltary 
spec pull out 12AT7.6BA6. SAGS. 6AL5 $ lO l s~x  CPRC-26 In 
fantry Marlpack Rad~o. 6 meter FM. recelver trans!nbttt:r sections, 
cab~riet. ~lrllennd. crystal, hands<,t $22 50. $42 50lpalr. H 251 
Mllltarv Commnn~cat~ons Headphorres $7 50 Add $4 50/p1c:c~! 
shrppony ($9 m~xtmun,l. except R 390A sh~pl,ed collert Baytron 
tcs. Box 591, Sandusky. OH 44870 

SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS PI EAST ND CA l  t h \OJR AhhO hCE 
MEhTS WhFTnER OR hor YOLR hAMFEST - O ( A I  O h  
CLASSES EXAMS MEETINGS FLEA MARKFTS, ET( ARE 
WHEtLCHAlR ACCESSIBLE THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHER SISTER 
HAMS WITH LIMITED PHYSICAL ABILIT'I 

February 5-14. NORAC, the North Okanag.3" f lad~u Atti Ilcur 
C lu l~ ,  wdl opefate d spectal even! statam dally clutmg ll*is Ver 
non W~nter Carr~~val. Carada s largest wlnter cdrr~~val L~att. t~ for 
VE7NOR For a spe~wl  commenlorattve certthcate send QSI and 
2 IRC's or $1 00 to NORAC. Box 1706. Vernorl. BC V IT  8C3 

CAN YOU HELP? Need operatfog Irlstructtons dnd schernatlc 
for Johrl Fluke d,fferenrtal DC voltn,eter Model 801, Adr~dn 
McMar~u, VE3AYA. Wyorwng. Ontarlo. Canada NON I T 0  

CHASSIS, CABINET KITS SASE K31WK 5120 Harmony 
Grove Road Dover PA 17315 

TELEVISION SETS mdde brfoft  1946 earlv TV oarts Ihtera 
SB220 OWNERS Add 160 mete-rs QSK I 8 arld~l!onal I'n l t . t l ,  4!>tCil f<,r 5s.OSlA"l#d <.a\n E>vtV d* 1 # ~ I # ~ ! c ~ s ~ L ~ I  In W ! 

roc 1 8  the, n .1r8t1 LP nn ny UI*C 1. 3 F ncl+:r a Id+ Ijdtn fur I i ~ ~ s  
A r n ~  d Chast, Y H 1\11 r j h  H.7.4 I h, st l?~rrf<,ro Coor> 061 17 
203 S21 5280 

MICHIGAN: February 7 The 18th atinual Llvorl!a Amateor Hadlo 
Club's Swat] ' ? I  Shop. Dearborn Cw,c Center, Dearborn Y A M  
to 4 PM ARRIIVEC exams glven by the Motor C~ty  Radvl Club 
Plenty of tables, retr;:shments and free park~ng Talk In 0th I ARC 
Repealer 144 7515 35 and 146.52 s~nqllex For further 1n8hlrma 
tlon SASE to Ned Cuffln. WABGWL. Lwonta ARC, POI3 21 11 
L~vonts. MI 48161 

. - - - - . - . 
r~mc+~,8tcr~ts 40 o ,#~P ,rq, 1 , ~  \rt.~, 3 ,  ,w, ,so n luttc~s~,,~fts -,c,t,r, <.< 
.~nn 3 'IOLI t c  L rnloctill SAS t  f 11 1111 I L. Sld 6 .., $1 110\1.3 11. 

WA2SlXI WJ Mt.ov,r <)I PI:? e I.*,!IAU XI Pwk hd U141 I 

TEST EQUIPMENT for SALE. Many useful. qur l~ ty  (terns 
General Rad~o 1001 A slgnal gcnrrator. lab gr;lde. $100. 
GR 1650A RCL Impedance br~dg*:. $135 Tektron~x 50 MHI phi<] 
I" un~ts. E X L .  1Al  Sla). 1A4 4 1r.lm $150 HP 1308 a~tdlo scol)e 
$50 HP 412A DC VTVM. Exc. $40 M~rrowave Equ~pmt.nr 
HP-6188 grnt:ralor. 3 8 J 6 GHr. $150 FXR C772A. 3.9 8 26  
$75 A1frc.d 650 Swecp Get, $200 HP 851 R Spectrurn Analy!t!r 
D~splav $100 Boonton 260 A Q Mrter, $250 Most haw  Inlanu 
sls. Lacy,. Vnt,ar. 22 .tn!(~s, rtrw r.tsrt) boxed ~etarla $295 srll 
$75 UTC <.urnnl+zrclal grA<lv s w ~ n q ~ t q  choke>, 5 2!,Hy 5000V. 
E x c  f I~r,c.,r. $25 r a  M~~ ,~n lo l< l  r.qiaclfur., 2Mf. 4KV. $8 v., 
(;,ant Trktronlx sl?lvlcr IIldllllalS. 4658. 475A $20 en Llst n f  Ti:$! 
Eqclrpr!~cot ~ii.?:1~1,115. SASt  T l11~11?~~0 t l p l i l  W ~ P .  Tylw J, 18 11 
Jose1,Ii (.nl,t,rl 200 Woodsbdt, W ~ n t h r o ~ .  MA  07152 I l i l  ?I 
846 6312 

ENGINEERS request free catalo!] uf El< Ltrontcs Softwart, Clr 
cult analysis, fllter des~gn. graph11 s, etc BV Er~g~t~eer~ny,  2200 
Buslncss Way. Su1te207. R~versule, CA 92501 17141 781 0252. 

SUBCONTRACTORS WANTED by eli,ctron~rs manufacturer 
to wlre slrlall pc bodrds Box 498. Grecmvtlle, NH 03048 

CODE PROGRAMS. Apple C G4 128 :37 modes qraphlcs 1,:s 
sons LARESCO. POB2018 HA C~ltln51.l Clry IL W 0 9  ,312; 
891 3779 

MASSACHUSETTS: February 14 Electron~cr Flea Mdrkt.1 yton 
sored by the Algortqucn ARC. Marlboro Mlddlr School C.lfcte 
rla, Unlon Strt:rt u f f  Rf 85, Marlboro 10 A M  ro 2 PM Sellers 
8 AM Adm~ss~olr $7 a). Tablea $8. advance- $10 door WtlEEL 
CHAIR ACCtSSlBLL For rmura ~n'ormar~nn Ddo, K l l l W W  
16171 481 1581 w r l t ~  AARC. Box 2 9 .  Marll~oro. MA  01 152 

RADIO BROADCASTING EQUIPMENT WANTED for parts 
anrl rr.l,~alld~r,y Jon Hall. 98 Wonlil.$he U r ~ v t .  Ch.,rlottrcv~ll~:. VA 
22901 (8041 978 1220 or 18041 913 8657 

MICHIGAN: t<:L,rwry 13 Thr Chcrryland ARC will lholcl 115 15th 
anr,u,+l Swdp N SI1op. Im~i>arulate Con~eptlon M ~ ~ i d l r  SI hool 
yyn,r\.~swnl. 218 VIIIC, S l r~ t .1  Travelbr Clly 8 AM to I 30 PM 
Adn!~sslon $3 00 T.!bles $5 00 Talk 111 or' 1 4  85 reprdt,.! Fol 
mfo contact M ~ c k  Glasser. N8DBK. 4102 F'en~tisular Shrs Or, 
Grawn, M I  49637 1616) 276-3203 

RTTY JOURNAL-Now 1r1 our 35th war .loon the ru r  1,. nf 
SOLDERING STATION AND TOOLS, Europear, , ~ n d  Ani r :~~ 
can Fret: cat.llocl Robcrl Mmk Import Export. Box 6437R bcllr 
Haven, NJ 07704 12011 758 8388 

~ ~ 

RTTY frlrrrrls f r n m  all over thv wnrlrl ' Yr 
. - -  . 

a r ' s  s ~ l l ~ s c r ~ p l ~ o n  to 
RTTY JOURNAL $10 W. forefrjr, 5 6  Oo Sencltc, RTTY .)OUR 
NAL, 9085 L,I Casltd Ave . FI)L~!>~~(III \/,dlt.y, C A  92708 OHIO Ft,l*v,. I 4  TIN k?,+f~%f t.t<r \l <f'b'ruttr m,u8>t~ ,,( f f t  

II~IL.~ S h o ~  f! I t11.1, 11 CCI ,!>I) I I ri],,, .!KIA M ##,>I c ,  1) u- 
, t , I  7 AM II kt 1, $3 00 . 1 0 ~ . ~ f 1  t 54 00 t h ~ s r  ' I~I.I 5 

(conr~nuea to page 103) 
WANTED TEN-TEC ARGONAUT. N5NM. Box 2169 S,gnta TI. 
N M  87504 15051 988 7305 

IMRA Internat~onal M~sslon R~dlc, As'.oclat!on helps ml\slon 
a r m  Equfpm,!nt luatiad Wrrkcl,$y npt, 14 280 MHz. 1 3 PM 
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FROM THE PUBLISHER 
ALLOWS US TO 
SLASH THE PRICES 
ON THESE BOOKS 

HP-41 CALCULATORS 

To lake lull ddvanlage o l  your hand-held calculalor's 
power, you need to learn how to program 11 Clear 
easy-to.undersland lnslrucllons make programming a 

mlng concepts as well as how lo  ~nterlace 

MICROCOMPUTERS IN AMATEUR RADIO your compliler l o  your radlo, dlgltal com. 
municalfons and more 1984. 284 

by Joe Kasser. G3ZCZ 
Comput~ra r.in br u v d  III a number of different 
ways III you! Hanl stiack. They can be used lo  con- 

T-1560 Sonbound $4.95 

l rol your rlg. predfcl propagalion, conlrol antennas Was (615 95 SAVE St  1 00 

and hundreds of other appltcal~ons Kasser explores 
Ihe possib~l~t~es in  l h ~ s  book Includes lntertacc I10 

BUY ALL 3 SPECIAL $44.85 VALUE at retail 

SAVE $33.90 WOW What a Deal!!!!!!! 
Please enclose $3 M shtpprng and handling 

"INSTANT" 
MORSE CODE 

Beginners: 
Deliciously Easy 

Experts: 
Automatically Fast 

CURLYCODETM MANUAL 
ONLY $6.50 

Guaranteed 

I ND 5- Minds eye Publications 
Dept. H34, Suite 115-199 

=3@ 1350 Beverly Rd. 
McLean. VA 22101 

Traps-Remote Coaxial Switches 
Or W r i t e  To: 

UNADILLA DIV. of ANTENNA'S ETC. 
P.O. Box 215 B V  A N D O V E R .  MA. 01810 

. , ... ,. . , . . , I . . /  , I , .  , . ,,,I I 

,n l l 'nr ! ,  $ 1 1  .,., ,111.1.,1,lll.:l.\,',II.II~ 

Y.3," I,",, .,I ,I.,, ,*a,? !I..,,. ,,.,,,,in 
In~sOSlDi lmlnlml lm Lo.*rlnq ,',.I 
Ill." ! 7-6 M + < I  I I I IC ~ P , I ' . <  nl UHF r 
UHF ~nwc!d#umdCrla!rc,!r~m#*rRF 
'I,."lCcr.OCs,"nC,l101illr.nulc.rv~~e 
lilr u#ll< luv SWR anO nrrlnll or#- 
'.tall"" bi,""Wldl" 

L. , t~dPd .Il"rn,""rn body Wl!" a 
dursblrenamslllnlsn1na6dillonto 
I l l t LO l l  <P.ll*,l a, r',l"nCc:". 118.8.. 
'CSUII3 1" a ,i,glle1112en "rill 10, ,,<I 
r t r . l y  ~nqtailalliinr bvrtlabls wllh 
N l rne ronnt~rlorr o n l y  !he$? 
"nil5 arr un<ond.l,onallr yuaran- 
I-<." !or 2 veal, 

MODEL 
144-2P 
144.4P 
220.2P 
220.4P 
430-2P 
430.4P 
902.2P 
902-4P 

I2P6-2P 
1296-4P 

PRICE 
551  00 
S5R00  
5 5 0 0 0  
S 5 i 0 0  
SOH00 
556 0 0  
S i R  0 0  
55600 
504 0 0  
S i t  0 0  

STRIOSBERG ENGINEERING. CO. 
PO 80. 1973 . SnrevrDorl . LA 1 7  107 . USA 

Phonr iJ1Ri  865-0523 
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THE 1988 'I 
Unless the SWR is really what the 
meter indicates, the reading will get 
better or worse. You can use this 
method to temporarily fool the trans- 
mitter into providing power to a mis- 
matched transmission line; just vary 
the line length until it loads properly. 
This is called tuning the line, and it 
does not change the SWR, but pre- 
sents the transmitter with a load that 
it can handle. It is not a good idea to 
leave it this way, however, as things 
will be frequency sensitive, and the 
loading will change with antenna 
movement and weather. 

Does a high SWR cause TVI? This 
is a trick question. High SWR by itself 
does notcause TVI but, its effects on 
other parts of the environment can. 
For instance if the SWR causes rf to 
appear on telephone wires, electrical 
wiring, metal roof gutters, down- 
spouts or tv-antenna lead-in wire, you 
run a good chance of hearing from 
your neighbors. Also, the harmonic 
filter at the transmitter output is 
designed to work best at one particu- 
lar impedance and when it sees a mis- 
match, can let harmonic energy pass 
through. If the final amplifier in the 
transmitter is overly sensitive to mis- 
match, it could start oscillating at some 
unpredictable frequency. All-in-all, a 
low SWR is more than just a nice 
meter reading - it is good operating 
practice! 

power meter update 

Not more than a week after I 
wrapped up last month's column 
which mentioned rf power meters, I 
found an ad for some available from 
a new supplier. These REVEX meters 
cover the frequency range 1.6 to 1300 
MHz, power ratings of 1 watt to 5 kW. 
and include both average and PEP 
power monitoring. There's also a 
REVEX Wave Monitor Scope MS1 ad- 
vertised that allows you to check 
what's being transmitted from 1.8 to 
54 MHz and look at audio frequencies. 
Check the Amateur-Wholesale Elec- 
tronics ad on page 76 of the Novem- 
ber 1987 ham radio. 
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CHARGE 
YOUR CLASSIFIED ADS 

to your 
@ MC or VISA 

write or call 

HAM RADIO MAGAZINE 
Greenville. NH 03048 

(603) 878-1441 

NEW 
EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com- 
prehensive information for the 
radio amateur, engineer, tech- 
nician and student. Clothbound 
only. $21 in the U.S.. $23in Canada 
and elsewhere. 

This publicatior~ is 
available in microform 

from Universitv 
~ i c r o f i l k s  
International. 

I '  011 l t ~ l l . ~ r ~ ~ ~ ~  HW '311 1044 In kt,, lh##a$!~. 
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~ r d  No - -Exp. D a t e  - I( Includes one FREE 40-word Im( 

11 A N ~ t i o n ~ l  Publicetion For 7he Buying And Selling Of Electronic Equipment I 

A RACE ON THE EDGE OF TIME 
Radar - The Decisive Weapon of WW II I 
by David E. Fisher 

A Race On The Edge Of 
Time reads like a thriller but 
is based upon painstaking 
and comprehensive research 
by the author. In fact. Fisher 
argues rather convincingly 
that radar was the crucial 
factor that allowed the alliee 

0 

to win the war and that . 
mw*. - . . c~  I !  1 

radar has played the same t- 
important role in our curren~ TL n e w  of W a ~  ws 
military and political enviror 
ment. Filled with fascinatinc 
twists and turns of history 
that could have changed the war's Outcome, 
anecdotes about the personalities involved in the 
development of radar and other military insights. 
Also includes radar development post WW II and 
how it will influence future battles. Illustrated with 
rare vintage photographs and diagrams. 
i IMH-21088 Hardbound $19.95 

Please enclose $3.50 shipping and handling. 

ham 
radiio_,-tlllnr BOOKSrORE I - - - -- - - . - 
GREENVILLE, NH 03048 22. 603-878-1441 

WGSAI BOOKS 
published by Bill Orr, W6SAl and Stu Cowan. W2LX 

BEAM ANTENNA HANDBOOK 
Completely revlsed and updaled wrth Ihe lalesl computer generated 1nl0rma- 
11on on BEAM Anlenna desjqn Cavers HF and VHF Yaqls and 10. I 8  and 24 
MHz WARC bands Fvefylh~nq you need lo know 204 llluslral!ons 268 
paqes 1985 Revrsed Is1 r!dlllon 

RP-BA Sonbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Pl~rner on how lo bu~ld slmplr low cnsl WI~I* anlennas Includes lnv~srble 
drs~qns lor aparlmenl dwellrrs Full 01 draqram? and schemallcs 192 
paqes 1972 2nd cdlllorl 

RP-WA Sonbound $9.95 

ALL ABOUT CUBICAL QUAD ANTENNAS 
Slmple lo bu~ld I~qhfwr~qhl. and h ~ q h  p~rtormancr make the Ouad a1 OX ers 
drllqht Fvefylhlng lrom Ihe srnqle r l e m ~ n l  In a mull1 element monsler A 
wr'allh o l  lntormal~on on conslrucllon lredlnq lunlng and lnslalllnq the 
quad antenna 112 paqes 1987 3rd ed111on 

RP.CO Softbound 57.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth 01 prolecls Ihal covers verllcal!,, lonq wtres, beams as well as 
plenly of olher lnleresllnq desrqns I1 ~nrlude., an hones1 ludgemenl o l  galn 
Irqures. how lo slle your anlenna lor Ihe besl pertormance. a look at the 
Yagl-Ouad controversy. baluns, slopers. arid della loops Pracllcal antenna 
prolecls lhal work' 190 paqes 1978 I s l  edlllon 

RP-AH SMbound $9.95 I Please enclose $3 50 l o r  shpp~ng and hand l~np  - 
ham I r a d i ~ - , ~ ~ ~ ~ ~ ~ ~  BOOKSTORE I GRELNVILLE. NH 01048 (6031 878-1441 



KENNEDY ASSOCIATES 
Stock~ng all malor ltnes San Antonlo's 
Ham Store Great Pr~ces-Great Servlce 
Factory author~zed sales and servlce 
Hours M F 10 6. SAT 9-3 

KENWOD 
A Q7 
.m-jJ -- 

Amateur Radio Division 
5707A Mobud 

San Antonio, TX 78238 
Telephone: 512-680-6110 - 
",*A 1m - 

%fatled owners 
are llnw using Ine WINDSIREAM* WIND 
GENERATOR lo p f w ~ d e  power lor RVs weekend 
cnnaqes boa~s. vmrksh@x rrmnle local~nns emrr 
qericy mck up power and much mnrc 
Poflable we~qhs only 20 Ib5 easily InstallW wwllh our 
CnmE)lehenS~w ~nslallal~nn manuai VlnImvn mainl~n. 
a r m  lull war fan^ 

Thwmar corporation H 
P.O. Box 3128, Burlington. VI 05401.3128 

Q K V  I N )  10A11 Rand k~d-prk~,f 
vather .scaled ancnna. Qulrk Irunch 

adaper. all hand counlcqm~rr. 21IW ,m,,.GuF 
rc~lprn>f Itw. Cmplclc an1 QKV. T~~ M-,., 
Onc FM" ~rnfnll l  ln I 5  m~nurr<\ I,,,,, (h , . , . 

lo71 ~ . h k  1- 110111:. 
i tovo. V r XWU 21 18 

- - -- - - -- 

SUBSCRIBE AND RENEW 

TOLL-FREE 
. - P 

.- - *:'-- 
C.''  - 4  

w - -  

-.. 
@?imu@' TI  - 8 .  

ham ? 

-2%- , .- 
J, 

d o  maqaztne 1 I 
- r % *  J 

1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 
Prices U.S. only 

El MASTERCARD -1 

I7 VISA O BILL ME 
Please have your charge card ready 

DATAT E L 9G)Q'' 

800-341-1522 
Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 

IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBER IS FORSUBSCRIPTION ORDERS ONLY! I 
For Errors or Change of ~ d d r e s s ~ ~ ~ ~  ham radio 

direct at (603) 878-1 441 8-5 EST 
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1 "n'w' TNC 2 PACKET RADIO 

1 Baud. ARQ. FEC. SELFEC. Listen ARQ. VHF and I Morel 

- . .--. -.- I THE UP-TO-THE-MINUTE INFORMA- I I . Make anv RS-232 compatible computer .I a A S 3 5 M  1149 

TlON AND ASSISTANCE WITH YOUR orterm~nal acomplete d ~ g ~ t a l  operat~ng I GEAR. 11 POSlt~On 11 ; , 
Morse. Baudot, ASCII. AMTOR, Packet 
Loaded w ~ t h  features. 



OPTOelectronies inc 
. - 

@" 
POCKET SIZE 

I FREQUENCY 
SIZE:4" Hx3.5" Wx1 " D  

W E  IN USA I COUNTERS 
TO 1.3 GHZ 

8 LED DIGITS 2 GATE TIMES 
ANODIZED ALUMINUM CABINET 
ERNAL NI-CAD BATTERIES INCLUDED 

AC ADAPTER/CHARGER INCLUDED 

EXCELLENT SENSTn W 
& ACCURACY 

-DC PORTABLE 
OPERATION 

#AC-1200 
AC ADAPTER 

CHARGER 

#1200n 1.2 GHZ ? 
Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys1 
They can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable. cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the l2OOH makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit- 
ters, signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hahls, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. 

STOCK NO: 

#1200UKC Model l2OOH in kit form. 1-1200 MHz counter complete including 
all parts, cabinet, Ni-Cad batteries, AC adapter-battery charger and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . S  99.95 

#1200HC Model l2OOH factory assembled 1-1200 MHz counter. tested and 
calibrated. complete including Ni-Cad batteries and AC adapter/battery 
charger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.SO 

#1300HC Model 1300H factory assembled 1-1300 MHz counter. tested and 
calibrated. complete including Ni-Cad batteries and AC adapter/battery 
charger S150.W 

ACCESSORIES: 

#TA-100s Telescoping RF pick-up antenna with BNC connector . . . . . . . . . . . . . .  Sl2.00 
. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm, BNC connector S18.00 

#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  accessories Sl0.00 

Y 200 
ORDER FACTORV DIRECT 

FLA (305) 771-2050 
1 

1-800-327-5912 -- 

O P l U r r l ~ m n i c r  inc vlSU' / AVAILABLE  NOW^ 
5821 N.E. 14th Avenue Orders to US and Canada add 5% of total ( $ 2  rnln.. $10 max) 

Ft. Lauderdale, Florida 33334 Florida res~dents add 5% sales tax. COD fee $2. 



htroducing the only mobiles that 
double as answervlg machines. 

No\v yo11 can stay in tollc4tr -~U. I I  
~vl1c11 yotirt~ i1iGiy from your ril(1io. 

\Yit.h Yacsu's Z~lnctrr FT-212HII 
and 70-cm FT-712RH, i ~ n  optional. 
intrrnal tligital voicno rclcord~lr 
s rnr rs  as a c.onw~nirnt nns\vrring 
machinc for ynr nnd yo11r frirnds. 
.4nd 1 hat,:? just thcl t)cginning! 

High performance mobiles. 
Tho Fr.212RFl f c ~ i ~ t ~ ~ r o s  \ v i ( l ~ ~ l ) i ~ ~ ~ ( l  
rcccivc~ covcriigt> of l:lS - 1'74 1(1112 
(144-1-18 \lHz ?)o. \vt~ile thcl 
FT-iI2KH co\,rrs 480-451) \lflz. 
An ow.rsizr amhrr display includrs 
nn innovat,i\r photo-sonsor \vhic.l~ 
.inrrt~asrs th r  display hrightnc3ss 
during thc dn!:Thr I'~~nct ion 1)rrttons 
iiro arranged in il c.hrom;~tic musi- 
cal sc,ale-idral forvisuallyin~parcvl 
oprr:ltors. \i)u grt 35 \~.s~l ts  output 
on hmrtcrs.  :{5 \viltt.s on 70 csnl. 

:In ;~~lto(lii~lor I)T\IF micropl~onc~ 
ivil h 10 nic~n~orios. t ~ i ~ c ~ h  rfridy to 
store ~ ( ~ I ( ~ ) ~ I o I I o  n111111)rrs 111) to 22 
tligils long. 

And, likr cl~rr FT-211 RI~I Srrirs 
mohiltls. yo1iI1 c11i;oy surl)risingIy 
s i n ~ l ~ l c  c,ont rols. ytlt highly s~ )p t~ i s t  i -  
(*i~tc*d n~ic~ro~)roc~(~ssor-l~i~sctl flcs- 
il)ilit!: Inc~lrltfi~lg IS 111c~n1oric.s thilt 
storc1 f'rcvluc~n(,!; ofl'srt, PI, tono, 
~ I I I ~  r ) l A ~ l ~ o ( l ( ~ ( ( ~ T ( ~ S s  1111it ( I I ) ~ ~ I ) I I ~ I ~ ) .  

Ik~nd or mc,nlory scilrrning. Offsrl 
tllrlirrg fro111 i I I l \  nlrnlon c.hanncl. 
Xlrhn~on c~l~;~nrlr l  loc.ko~rt for st4;ln- 
ning. liigh-low I)o\vclr s\vitc.h. 

XI1 in i ~ n  nm;~zind .  small 
pi~cnki~gc', sllo\vn ;ic.tual sizr t)cllo~: 

Digital voice recorder option. 
( ) I I ~ Y  I ~ I I ~ S I I  I)rillgs yo11 tIl(, iI(I\'iill('('[I 

Icv.hr~oIo~v li)u11(1 in orlr digitiil 
voi(v r(~(~or(Ior I I ~ I  ion. 

\ i ~ u  ( . ~ I I I  storo Inossagos or yolrr 
(.iilI sigr~ in your o\vr~ voicr, not 
it s\rrt l~clsizr~d rrplic.;~ -or gi\'cl yorIr 
f'ric~nds ir privi~lr (.odes fir Ir3;1vi11g 
llltlSS;lg(lS 011  yolll' rildi0. !Ill 1 h(l\ 
1 1 c ~ 3 t l  is ;I 1)TYIF n~ic~rol)Ilono! Thc.11 
yclr~ c.i~ri {)lay t)i~c.k your rllossagcts 
c~ithrr in-l)c'rson, or n~mololy I)y 
r~sing i111ol hrr riltlio \vith iI 1)TSlF 
n~ic.rcll)t~onc'. !!nd yo~r'vr ;~I\vi~ys 
got ~O(.llril)' I)l '( ' i lll~t '  yo11 (.ill1 (*OlIl .  

n~iintl your riltlio to rrspontl only 
lo ir~-prrson pli1yt);1(4 rclclrlclsts. 

Visit your Yaesu dealer todw 
And t ~ ~ s t  drirc~ l'i~c~su's F1'212RII 
nntl FT-712KII mc~t~ilrs. l'hr only 
~ ~ ( l i o s  \vi111 t110 po\vor to k c v p  yo11 
in touc.h. AI\\.a~ys. 

Ymsu 17210 E([\vitrils Ito;lci, (:~~rritos, C:\ !I0701 ( 213 ) 40.1 2700. Repair Service: (?.I:]) 404 4884. I'arts: (2l:i) 404 4847 
Yaesu Cincinnati b m e e  Center!Il)70 I i ~ j l t l  I';trk t)ri\.~'. Il;rmillon, O i l  4501I (5I:l) x7.l :(IOll. 

, 

I ' r ~ r w  >III,I ~ ~ ~ ~ ~ ~ I ~ ~ C ; I I I ~ I I ~ ~  \ I I ~ ~ , W I  t z t a  II;IIIL<!, S + I I ~ I O I I I  11<811r*, 1% I \  :I v ,c~\I+~rtvl  Ic11l6~1ii~irk r ~ f > ! ~ ~ l s ~ r ~ ~ l ; t ,  111, 
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Double Vision 

6?1uxe FM duai bander 
The Kenwood TM-721A re-defines 
the original Kenwood "Dual Bander" 
concept.The wide range of innova- 
tive features includes a dual channel 
watch function,selectablefull duplex 
operation, 30 memory channels, 
extended frequency coverage, large 
multi-color dual digital LCD displays, 
programmable scanning, and more 
with 45 watts of output on VHFand 
35 watts on UHF. TM-721A-Truly the 
finest full-featured FM Dual Band 
mobile transceiver! 

' ! [ '  ranue (138.000- 
173.995 MHz) on 2 meters. 70 cm cover- 
. ~ g e  IS 438.000-449.995 MHz (Speclfr- 
catlons guaranteed on Amateur bands 
only. Two rneter transmlt range is 144-148 
MHz. Modlf~able for MARSICAP Permrts 
required.) 
'0 rnol!!-function mcrnnrv channels 

14 memory channels and one call 
channel for each band store frequency. 
repeater offset, CTCSS, and reverse. 
Channels 'Xand "b"establ~sh upper 
and lower Irni~ts for programmable band 
:;can. Channels " C  and "d" store transrnlt 
; ~nd  reserve frequencies rndependently 
lor "odd spirts: 

so gar at^ !-Po!I,:~I~c:~~ d15r:lny for r l :~ , i l  nr.li-.!?,- r orti, 
a n 5 1  :~,-br+rid' %iI d:~r?loir o!:rr3t1on 

e ,:5 L8!.1!15 ~ 3 . 1  ,-~r,tprs '' ,,;.?ttc. c:. 
-? c n i  Approx. 5 watts low power, 
C;ill ch;irin.,i IIII-I:~IPI; Aspec~al 
rnernory ch:tnnttl for each band stores 
frequency, offset, and sub-tone of your 
favorlte channel. Slmply press the CALL 
key, and your favorlte channel IS selected! 
Autorn;lt~c ?nr,t i  Ciianae ( A  E C  I 
Automatrcally changes belween marn 
and sub-band when a srgnal IS present. 
Dual watc!' ~!II IC!ICV. allcrw? UHF anrl 

e Pfr~r~f , - - i ,? i ,~k;n r-T@mgrb, <,!\,rl ! > ; , - r ,  

c.;<l.p,?rl \,,,#:k '!pl,,>ry ii).-)r,pfl 
1nl:knl.i: ?nd :?-I i r : ; v  watcli f ~ i n ~ t t o n  

a 5 , ~ c n  f ~ i r c t l o ?  '-'v +i;1~ .? LIPIIJIIF t n r r ~  

for nos1'1vr !r~rrtb,ick 
0 Ili!.~riiln.?t?ci t ro .3 '  r;ar,el ci?nfri-l,. 

. ind k?c', 
D~mn i r r  tc,?vtrc,l 

16 key DThll'n~l~: ~ i i c l ~ ~ d ~ c i  
' Handset ' remo l i  cohtrol ogtlov 

ID( .  In1 1 1 . L  L l , .  

UHF r r -~F. I :L~  ' : ~ r - ~ ! ! i t i n ~ n l ~ ~ . i ~  * ~ r q g ~ . ~ ~ r i c v  i i4:nl i3.k. 
CTCSS r.n(  prl . i!6-c.oc?p sf ' i~. i t :~l~lr ;  * S ~ ~ n n l ~ c c !  ; ! c i ; ~ ~ ~ ~  ,>rlc; 16-key DTMF 
from :ri)n: : l ; irv1 or UPIDWN keys on hand mrc,, rnountlng bracket, D C ~ ~ ~ ~ ~ ,  
m l ~ l ~ p h ~ n e .  (Encode burll-rn,out~onal 
TSU-6 needed for decode.) 

. . : . : I  ,.., . . ,. , , , , / i, . . :  : 
* Finlnncc, ern!: :'I ? r ? c l  I..,., , : I  I .. ! .  ( ,. . , : ,. , ,, , . .. ,! :., 

c !  * ~ r ~ q ; > ~  , ? c , c P > ~  $ , r I n ~ :  Con~p;ic:I niab~lr? spe;lker SP-SOB Deluxe 
* RC-10 Ivl~~llr-l~rnnl~nn h;~nriset!reniole nlohilf? speakf;~ PG-2N DC (;al)lt * PG-3B 
r. ,ri!rollei * PS-430 Powcr supl~ly 0 TSU-6 DC Ihnr? nol~f.  11IIr?r MC-GOA, MC-80, KENW/OOD 
ClCSS rlc?cc~rlc+ 1ln11 SW-1006 Com~i;~r:l MC-85 R;~';rx s l : ~ l ~ i i ~ ~  1111c:s , MA-4000 Du:iI 
SWR/r~ow~r!voll II~P~PI , SW-2006 D~Iuxr: lillnri 111nt)11c :>IIIC:I~~I:I (ri>oont 1 1 5 ) t  ! I~r~i~~l~eci)  KENWOOD U.S.A. CORPORATION 
~ \ ~ ~ / , ~ o w c r  rnnlrr. SWT-1 7111 ;~nlcnnn ME-11 Mohllt. hr:li kc1 * MC-43s U@!DWN 7?01 I: Dnrii~ngoc!/ SI ,Long Bmch. CA 90810 
1ur11.r SWT-2 I0 r ' r i l  ,~rlli~nrl,l 111rlr!l . SP-40 I i ;~r~il 11\11: . MC-486 If ki,y DTMf ti;~nd nil(: PO Box 22715. Long Beach. CA 90801-5745 
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